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INTRODUCTION

SCOPE AND PURPOSE OF THE REPORT

Extensive deposits of bentonite are present in the Cretaceous
sedimentary rock strate cropring out on the northern flank of the Black
Hillss These deposits have been the subject of a study by the U. S.
Geolovical Survey as part of the program of the Department of the Interior
for appraisal of natural resources of the Missouri River Basin. This
report contains information concerning the geology of the bentonite
deposits of the Northern Black Hills district. An attempt is made to
explain some of the relations that exist between the physical properties
and the mineralogical characteristics of the bentonite. Consideration is
given to the occurrence of bentonite deposits and different types of
sedimentary rocks and to depositional and post-depositional conditions
which these rocks reveal. Evidence for sources of ancestral materials

and conditions of alteration are discussede.
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A consideradle apourt of wark was done Wiilo e welter woo statloned
st the Illinods Jocolodeel Survey, Urbang, Illdnetiass he weit r Lo desply
matolal 0 Dre He He Lol hbon, ‘orser Jalefl of the Tllinols ieclo leal
Sarveyy ‘or mekin: Svailedle seriain feellitlecs and “er proviiin: spece Lo
wirke ‘o 12 aloo indedied to varicous nasbers of the illinols Jeclocfoal
Survey stacf, partisslsely Mre Arthue ¥e ¥hites

DLFINITION OF ANTONITE

Jentonite was defined by Mose and Shacmom (1927, pe 79) 2s Followes
“Imionite 45 a roek ocomposed essentislly of & erystalline eleylike alneral
‘orsed by e devitrification and the scsoupanyin: chemicol alteration of
8 ciosoy i mesus moterisl usually & Wt or voleanic ashy 1% often contains
wuom~wmmhlmm$mutdnw
phongerysts in the voleonio -lesse MNese eroe foldepar (csasmonly arthoolase
an! oliweolase)y H10tite, quarimy pyrovencs, siroon, and vericus sther |
minersls typiesl of woleamle reotme Mo sharsoteris.le cleyeliks minapsl
m.mwzumuumummm-m
inherited fron woleanie ta’” or ashy and 1% 10 usually thie minerel
sontaorillonite st less ofton beldellite.’

Gome teolo-iste wo:ll inelade in tie derinliion thet bentanite sitared
‘vom nsh doposited in marine watowee. ™is ides Lo docilleoss a sonscquence
of Yhe gencral acosplonce of theoriess wileh explain the Wik samesion
sontents o dentonites by sdsorpiien ron sea watere dsls of Sentonite
have bYesn reported from sever:l nommarine strate of ‘ertisry ase in Yestern
nited tateps lossiluly these deposits agoumilated in moonosium rich lakesy

nevaptheloss hey provide sdequate round sonimst resteliclin: dentonite to
cloys of marine origine



ne Serm datonite 1o sometimen aoed 03 » trode neme o reler Lo any
slay avin- sertain properties notwitnetanding ite oririne Mantowrillionite
slaye ‘ormed ty elteration of rosie other ian wolemnle ash or Tu™ mey
have cssetitially ‘ho eeme eosposition end propertics as bentonite. “anh
satorisio should not be clessifed as bentondie deosuse they 4o me’ son'ors
to ihe dofinitione Ifferts ave been made, perticularly in eertaln perts of
sloy industries, %o reolrist the Lera dentorite to elay wileh swells wimn
plnosd in water »nd Lo classlly nommowellin  moterisis of similar compoeltion
85 subsdentonitee e use of Suiwbentonite as & mineralosds Sems should be
ilsesrabed an 1t laplies & diolinet mineraly ond there 15 no sharp soundery
betwoen swellin and momeswellin: bemionitess ‘hethor » bentonite do
claneli’led as swellin: or nonesvellin: mey depend upon the juwimment of one
intividual or on the treatamt of semples bo‘ore and during testse

e torm setebamtoniic has elss beon used oo a general tors Tor both
hantonite of Paleozols ace ond “or nll nomeowellin: benlonitess Hetae
bentenite was orislnelly defined iy Ross (1900, pe 164) e ineludin: only
et sentondte vileh chowed dolinite eovidence of notamsorphisme Vith Tow
ergentione e noneswellin  Lontondtis materisla heve not Deon Wu
nere’ope, metedeniontte s wnsultoble o2 @ ~mepal tem ‘0P hese elayme

Jentonite deporite dlscussed in this report inolude doth high end low
svellin: moterlsls wilech son‘oms %o "oss anl “harmen's de’initlons Me tem
bentonite was ‘Arst prepossd Eol At (1500, pe '91) ror cloy eropping sub
nesr Nogk Cpecky Uyominge Concileradlo evidence su geots that ihe material
ini ht deserided oane "ron a bed at iho sase strato-Tepiic horloen es the
Cley Spar bede The Cley Jpur bod sontalne the mest extmmalve bontonite
doposita In toth the morthern end westorn Dledk Mlls and Nos been the
ssaros of moat o¢ the such etalled “Wyomin: type® nent nites



LOCATION AND I'PORTANCE OF TIE FOMDUAER DLACK HILLD
WNTORETE MINQID D14 MECT

Mo Horthern Slask Mlls Sentonlle Minin: dlstriot inclades & D aile
soment of the M bolt on 9o northern (lenk of Lhe Slack "ille uplice,
that, 1108 in the northeast part of lyeming, southern Carter Jounty, Hontana,
and westemrn Gutte Joumly, -outh Jakotme The Harthern lleolt illls ldertooite
Moo Jistrlet §s Hounled seols loally on the cest gy » broad belt of
alluviom and terrso: deposits thal blanitet the dDemtoriteebenrin;, otrate et
of Jelle ‘oupsio, South Dmitnles ‘eotlerm lisdte of the digtriet are asethed
by & wone of stecp dips salon-s Range 67 ¥ey Hpoming wal-h forms the beuniery
betwomn tue Mlect M1le wplict el the Powder Miver structural besine ‘hese
stosp d4ps plase the dentonite deposits in positions very un’averable for
mininge Mo arca aap ol consiets of adout 940 equere alles sl includes
about 200 aquere miles in Jatte Jouty, douth Takotay more than thrse Lowne
#ilpe in Carter Usunty, lontane, and the'rmainder in Urook Jounby, “yeainve

Belle Yeurehe, the conly seat of Tutte Gounly, Seath Daketay; is the
largeet towm im the distriste Tic villase of Alsade, Viontora 4o the only
other senter of populetion within the distrists ™Mo abadoned village -
prosent post offise of Colony, Yyoming has played s hletorie role in the
dovelopaant o7 the bentonite deposites e Northern Nlack Mills dentonite
Hining distriet Lo omosed y Us 3e Hlgwey 712 “ron whilch moct o the
muwumummmmmm roaisy and
trailse ml\a‘md“hmmtmw e dintriot oon Be
rosshed vnuu.z..mu.uammmw-m
Moot 07 the hentonite 48 shipped YW vay of a apur of the lorthwestom
rallroad walsh oxtende TPom Jeile ‘oarete to the viainity o7 ‘slony, vyoming






he lorthem Rack Hlle Jentonite Mindns diolriot togetheor wi'h the
mch aacller vYestern lleck Mile dlstrioh, contain more Laen Lhrose oariin
of the imown depooits o vhat 1s now cansidered com-erelal srede 1% svolle
ing or "dyoming type” bonlonites Importance of the dlstrisd is wmphnsised
b the 2,000,000 tone o dentonite shipped in the last 10 years,

MLTIONS OF IV STICATION

Jentonite depoeito of the lorthern 3lask 11lls Jenlonite lMimimy distriet
wore sepled with the ald of @ hend auger durin: the "leld sessons of 1947
and 19790¢ Mo doposite and acsocinted stemta wore mapped on alr pholtoe and
8 slody o the bentorite bods and thelr relations %o enelein: rocks wes
uﬁdwtn‘_\ho!‘humol‘l”uﬂtﬁnma"&.’dml”l.
L uap wns prepared Ly tranoerrine deta ‘rom the photes o o heso uap
soepiled from the dursas eof Lenl Mapecoment towma'dp plotas

Comerolsl teats o e Toundry om! and drillincesd propertics for
cach smuple of bentonite were asde in e ladorstorys ™he pes:l's of the
comereinl tesls will be putlished in @ report by the U Ge Jevlorfcal
Garvey (Bnooitel, Me ey and Pattersong 5e le)e "haron)l enalyses wore
made o7 & 9slectsd group of omuples in om effort te detercine the relation
sotueen the mineraloy of the bemtordte and the phyolsal properiiess Mheso
sulected samples Ahclisle unterial reprosenintive of sach bed and of portions
of bele havin: unasual physlesl propertiess Infomation smoswning e
mounts asd types o non elay materials wan oMelned Ly mieressepioal
oumsination and taermal enalycene

ATOLO T3 QUCURREITE OF 1T 30 MY 3808
Mo bantonite depoelts af the Sartiers tlesk Mils Rentonite Hining



dlotriot oscur ao bdads and lenses in seliventary rosks o 'mih lipper and
Wwer Cretaoscus atte 'mlonitle etpata range “rea paper nin leninee Lo bods
that are loenlly moro thien 20 fert thilahe Tooke contalining 'he hentorite
deposite deserided in thls report are wore than 5,000 “eel Uhlck snd range
rom the Neweastile sando'one Lo the liten member absu’ 907 Tesk adov Ve
boe oi the Plerre forsailons Additional bentonite beds are present in
the 800 feet of the Ylarre forantion, wildh $a edove he Mliten membdere
jartonite bode edove e Jiltten meuder were not examined in detail bYoosase
of thelr un“avorable thrlcimnegses and inpuro matures mwm-n«
containin: the demtonite dip sently northeast, northy and northweat and
orop out in belte parallcling the arcuate northern marsin o” the dlask WMlis
118"e Ao a oonseguencs of sentle recional dipey ‘he Bentorite beds 1ie at
or near the surfece in marrow it extensive sones alon- the strike of e
strata, 'ztenaive depoelts alse lle in poslitlons ssceasiliie to oirip mining
on ‘he linte ond axlsl portions of the soveral larze ond asny soall antle
olines whloh extend wircasheont most 07 the distriete lentonite dearin:
otrata ere Mrou 9t Lo the surlece repeatedly b preminent strustures in ‘he
northesstern part of Upsok ‘ounty, ‘yaming, wher: e ‘olony, Micege Creek,
Sheperd, ard Lo Plawme antislines and lhe Kilpetric: ‘reek symelins ewtend
aluoet parellel to Je fe Wichwey 212¢ he lmportance of these structures
i0 emphasized ly the large seoant of alning in Te 07 Hey Re 61 Ve, the
novtheastorn hall of Te 58 Bey e 61 ¥e and In 7o JT Vey Ne 50 ¥y Oroock
srntyy Vyominge

A sscond fundemental resecm oF the larce segunt o bentorite under
u.mmummmummmm\mmthu
beds aro overiein 4y ‘hin relatively resistant steate ¥ileh in ‘urm have
fuperjnoent nomerosistant eds. ™coe rocistent zamos ebowve ench of the



Wo »ds sorve a8 protective sar rocks and evien ‘he dentoalts ‘o lle mnder
mallow overdarden neoarly poraliel o loesl 3ip slopese Hose smo tan
dolonite bods reet on Pesishan’ dols wiich sreven” Usen from win- amiere
ot iy srcslon and ineressse the lesgth of dip elepess e sontinetion of
resiotant beds Dellow sni rolatiwely resietent cap rocks sdowe Uie bentondte
Sedn W ' her willh «w leck of resietendd o lhe hentondto Fesilts in the
fopmation of mmorous saall cutiioray inifers, and lon - bYolte of enllow
overtarden alon: oitoreps Wiers deetnile sen de oot iy rasowed oy *Wlp
snle: techolqnese e Paloticn betwecs the mmoint o desionttc wnder
1148 ovartapien sed Uie nature of enzlosin: pasks Is shovm d4asramationlly
o Pioe Te



M

\
\

T 50 IR AT .
bttt 2 S0

g
B

soft sirata

. ..
el —

“Iresistant strata

L

;J

e penfonite bed

Lmre Dew Macremetls roprasentation of the relation between
of onclosing sirate and the mscunt of bentondte under Lldt

rofistence
overisardene



10

STRATIOMAY
SIRAAL CHANAOTIR AND ASE OF M5 NODES

111 o the rocks expased in the Northern Mack Milc Jentonite Minlng
dlotriet are of sedinentary orl in an! range in age “rom Lower Jretaceoun
W Resents (wpooed selluemtary forsations total more then %200 feot in
Miciness and conslet shiofly o marine sheley merl, and opgillacecus cande
stane (9+. ‘onsralised Section)s shellow wat:r and bdemch depasite spoonr to
5o pressnt in the Mewoastle ssndatones nonmarine deposits are ropresented
by he Tason ahnle and the lower hrece’ourths of the “ell Tiver sandstones
Najor uncon‘ormities are not preaent,; and with the aseopiion of Lhe lovere
@m0t Cpetaccous Torsmlion, the Lakmta aandstone, vhish ereps out sulside
Yo linlte of tho distriet end $» mot dlscuseed in hilc roporty, & "™irly
coplete seot on of Uretacoous rocks o desaeridede ‘uwrii-ial deposits
re inc in age fvom Oligoesna’ to “soent ‘oma s mantle swer the eroled
surfaoe of tho Cretasecus rociks in nany plseess Tiwwae depoanlia include
gravel, eand, ollty aoll, and alluvial 11l in terrmses and alon: tho prooemd
otronmse

The clasol estion of lhe sellacntary unlis uzee! In ‘Hic investipation
15 ecsentielly the one paslished by “ubey (1030, pe Jel) aa modiffied Wy
fosatde (19%%) who dropnad the nane ‘Paneros shnlec and cleveted it fowr
acabers L0 tho renk of formationwe 2 fulin: Yy the Uonnditee an Jeologde
leass transferrel the Jare irosin meaber to the Usrlile shale and rooteletel
tie obrara omation o the Malts of "uhey's Jeaver Creel wmembers The
mese Jeaver Oroe: was drepsed, «nd $he fiebrare fomestlon Rou a0 ferme 40
 the nomenclebare that existed prior o Pubey's classifisatione Codbem and
Senside (1901, pe 1500.1803) loter placed the boundary detwesn tie Up or and
the Lower (retacescus series ot the %0p of the sillcecus Noury Minlos TFounes
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of the formantione "Pop e Tall Mver sandetione ‘o L oo MHobrara forastion

vere Listed by Cobban (1951, pe 2170-2198)e

RUTACLOUS SX3TEM
iover _retagecis sorics
inyan Xare oroup

Zusen lommsilofieseMe ‘uaon ‘orsation apnsars ab the surisce only in e
Tow dowp valleys and conll canyone wiihin ‘he ares mappede Mo dDest Tusen
oxposures in the porthern Nesk Mile are in 211778 4in “overnmant Janyon
in Te O7 Bey Me OB Hey Gposk Countyy Syoninge In ‘his area 109 fest of red,
parpleoy, and 1lioht grey ehele are rFevoaled in a nearly complete scotion,
Jarke ray shnle and candatme strata are present in the omation in the
eastern part of the distriet, and Derton and O%iara (1909, pe %) desoride &0
9 T feol as bolng characteristic thicinesses of the fopnation in the Jelie
Foarehe quadrengles Sowe af ths 11 A% grey ehle Kae a seft pa’fy sapfnee
vhich indientes acue awellin: eopasifiy and sac-este the presonce of bemtone
itic materisle . :

Aol lver sandaianoe=sMme Mall Miver sandatlone, filah Mina of ten -hoen
Polerrad 1o as ilhe Dnkola sandstons in ol reparts; 40 o resistent unit
that forms prominont. ridces end long dip clepuee e sandatene §s falrly
@nealivey but thin dedded sandetone and suale dedo are presenst in Soth e
lovar »nd aiddle paria, hﬁ.ﬂ”hw:mwwtfﬂm
aarits ond crovsebedding sre comene e upper part o e Tarmatlan Lo
osaraateriesd by ‘hing hardy, Terrw lnoas sendatone heds and song ewnall
nodular ‘erru dnoas econoretions wilsh ars semsonly hollowe Ml inesses of
75 to 110 feot cherastorize the Tsroeidon in the Noriiorn dlachk 'Bllss



Roake youn er than Inyen Xare sroup

Zigall Cpock ghalgeesito Skull Treck absle rests on lhe Tall Tlwor
sapdetone ! o-nolste of softy deriegray, “lesils ghnles Jessuse o 1ls
sof't charanter, the bolts in which the “opmcilon erope out arc wide and
often covarel with soll eand elluviuae In the fev plages whore the unit ean
be acoura’cly measured, sppresimately 2790 feet of shale 1o prosents e
‘orma fonm oonteinn several zonea of gray, “orrusinous, madstone eonorellons
anl lorse, yellowishe ray, onloarcous, concwinecone coneretionss ™hin deds
of arsilissecus sandstons, carbonmencis shwley and dark dentonitle shale are
prosent. Neer the Sase of Yo “oruatlons In same pleges the Siull Creek
shale srades into the subjecent Tall “dver sandstonss Jandstone dilwe cocur
noar he %op and aleo mear *ho beses ™o dikes mear the base somolst of
rayy modluse-ratnod, poorly sonsolideted sandstones ese dikes resce frem
mmmus«nm-uwunumm-
feu Toobe

Dikes in he upper part ore restricted %o Yve upperost 0 feet of the
forsstions These dikes are somposed of oandetone thet elosely rescmbles
sone @ the conrser moteoriel of the Newsastle sandsiones Micknesses rangine
fvom o Tow inches o 17 feot charesterime the diked and many of Yhem san be
treced for 200 or 300 feste Jeomiot of ereaton, upper anl lower limits of
dikes nsnnot be deterainedy, it few of sven he thlcver dikes appear %o
suserd 70 fest in vepticel dfwenslonss Jame of the largoest dlkes supserd
hih hille and ridgess Slistenailes have baon moled on outer surfages of
the larser dlkes, Sove J8kew have poorly developed bodiin: whlsh 4a not of
the same ettitale as enclosins shale stratae

™e orddn o° the semdstaonc dikes In 'Se scdizcolary rosks evposed
around” the Tlack 18118 has emised mush apeeulstien by seelo-istes
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Darton{1902, pe 4) oboerved thet dikew dn ‘he lover beds o7 Lhe ronoros

shele (Smal) Creck ‘ma‘,im) sontainel sandotone shich wae very simi]l r

to parts o the Dekote sandstome (FPell “lver sandsiane)e Apparently he

thoa Mt that sand had been Intrudel upyard Trem thet ‘ormetions A olmiler

enelusion was resghed by Trase (L7732, pe 20) durin- a study of etratlsraphy

of the Wewosstle sendatomee ‘rase Pecomizeld thel 1i%helo-les a7 the 2lkes

in the wppor part of the Slaull Creck siele were sisiler ‘o paris o7 ‘he

lovonatle sandotones ilo al2o noted thal these dines oceur whers the Newe

seatle “oroetion fe missinge Yoel of e dikes were studied in sone detatl

by "assell (1927, pe ¥0P=08) who sonsluded thet they wore fomed by the

forain of sandstone, walch mas! have boem mors plastie “hen enclosin:

shaley, into "Paoturess “ormel by stpesses durin. feldin e 10 notad that

koo were not particuinrly ocmson in anticlines or synclines where stresses

and ‘ragtures should have been moul abuniante Russoll revomized thet dikes

south af Jelle Ysarehs, outh Daltota ooeuP mtout 0 foet bdelar the Newssotle

horisen it noverineless delleve! that the sandston: oristnated from a bed

in the Houry shale whioh s even hi her in the seotlon "han the Noweastloe,
Only a fov vory Tinewrained sandsatone bods arc pres-ot in the Mowry |

comantion of the Narthern Mook M1le ddatricte Froes’ ‘s tne presence

of Tieh renaingy tie sendsione of the Mowry d¢ 13thsle-desily unliie taet

o the sendetone dikeas Jonfors e relations @' ihe iowry sandetons bele

vith enolosing strete and uni‘orm etrot!“lestien within the beds :lso iniloate

et they ovuld mod have been mof‘ mwudmlduh the dikene

Abamoe of diken or W/nmta the middle portlons of the Okall

Tpeck shale and Ve ML tant dlkee nemr the hase o that fomation ape

mach smeller Lamm thees ot the top eppose ‘ha thesry that oand wme Intreded

upward ‘vom the 'sll “iver sendetense »
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WMtholo s resmmilennes o ‘hs ddkes in the aop-r porl oF he Jimil
Oponl 3usle % certaln eirata 4in he lower part o7 e overlylin: Nowenstile
sandotone sus-est that The dikes ars closely allied Lo “hat Tomotions
vidonoe Tor an wplift o he Slack Tlls in late Sipall Ureslkt or carly
levenstle ime Was Deen presente! by Croviey (1973, pe 50e00) and Grece
(1952, pe 12=13 22)e 1t sewms most likely "hat tae sandotons dikes eonist
o the “ire. seniy materiele doposited ofter thin auplift, large ereshs
formed by otposses releted h the upli™, sanller desiococeilon erasks in
low lyin: =l Tlote, and possibly neprov strems or 'idal shmnmels wold
have trapped 'ho Tiret awnilable arennceous solimemtse ™o Tall Piver
sands‘ane Lo the most likely source o' *he (et aanly sefluents nfter the
Wil and the short distamson of tPangportation inwolvad nay scoxwmt for the
sintlerities botwoen Vaat formelion amd the dikess Me preconce of dikes in
plages vhere he Newsastle sandatons 19 adoent say be o sonsegicnce of the
restriotion of limited apouwnts @ san' Lo erackelile doproseions or srosion
prior to deposition of hasal 'owry seliaentes ™o zllokersides on he
larger dlkes ware probadly foraed after enplagenent of the dikes an o ecte
od hy ‘rese (1072, pe M)e

Ha.egaile sands cnge=e o m.dnmh nn ertresely warioble
unit of discontinuoue hels o sanda® noy -m.mn. m Mmley
bemiondte, enrbonnoesus dhals, and lapare 11mites he coarser sandstone
50dn ape comonly erosseseldel and ripsléwsorie! and nearly vertiesl wom
Wmmwlapmw.'mmm-umhm
dovelopod In ‘e weolern peart of the disteloet where &t 4o more them 0 feot
Uilek snd eonteins masedve bels of soarse to medimmesrelned sendoame that
oppear much 1like strate in the Tail Mver sandstone, ™e boda bosoms less
massive and morc varisble 80 the ‘ormaiion thine tovard ‘e seet and festhare



15

ot milrely & few nilon wost of the dyoainpsionth Dalofta domisrye e
strati oraphide poeition of ‘hie “osmntion is eomsonly Indlemtel de,ond ite
extont by o ‘hin sendy sone in the derk marine shale Whioh contaims soall
pusphatic and sypeifercus madules, Nowhers in the louly Talota portisa of
the {dstriot 15 'hia zone su"lelenily developad to ometitute a meppsile
wnlte e onstusrd thinnln: o° the Tormation ic looally interrupted iy
Disk sessive sandstone levoess In seoe 21, Te 36 ey Mo 1 ey Oroock
:'Joﬁw. iyomin 5 the ‘oreation consiete o omly 13 inshes of platy,
Mlonidle, sandstone within a thin sone of sondy shalee In cection 28 o
tha! ssme townanlp, widoh lies in the direction of the thimming, the
‘opmation 48 reprosented by o lense o7 ePossedaliied sandatone hal le 21
foel thioke Mo Newesstle ‘ormetion esposed alom: the avis o he Uhieaso
Uress antdcline conteing thin, 20f%, sandotone atrota b local mssclve
lenses are alse preserts In the Uslony sniloline, leon then “our miles
north of the Unlea o Uresks struclarsy the Neweastle ‘ormation ie reproomte
od only b a vary thin soniy sone in dark sarine shaloe _
™e most dotalled stalics of the Neweastle forwstion have been mede
on the western "lonk of the Ilach Mlla n;oomos' the unite within the
Temsation, the “ia'dy send’y hoo ylelded eomalderadle mmcunts o polroleum
frors lons shoped otrold spaphie (rapss Uolller (1022, pe Tl<i2) reso-nined
het the Newesstle sendetone wes depooitad in a mear “iore envireomment aod
s gested thet perts of the Tofsation secunulate! alon: hesshes and in
lagoons while tho sandy shale portlons of the unit reprosented deposition in
doeper sarine waters Colller's theortes havs reoently beem steon:ly
sagported wy Or-wley (1951, ps 8%50) who interprotad much of the Newmantle
sandelone 03 ropPossrting near swor: snd beagh deposite and posinlated an
uplift of e cemteel "ask Hllls vith poasidie exposare of he central
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preslmndrisn core during the perisd of depesitlon o thatl foruntlofe e
princinal evid moe “or the samilade of the wpliT™y Lo He ilssovery o »
#12 pac et in the Newenstle sandotones Mla maooo L sust have orl inated

from prew. sabrisn mold deposits in the central portiom of the filnek illise
‘rovlcy olse recomnized 12 senera of marine fonsils provin: senclueively
that tho liewoastl: sandsione on ‘he weotern “lenk o e leck Mlle ~ouid
not have demn deposited entirely und ¢ nonemnrine gnnditionse

Only plant fossiis wers Cound in the Nowsastle saniat ne of “he Horthern
Nack Mlles however, Lhe lentfeuler natures of the stratay *he lateral
gradetion of tie unll inte dark marine shale, and the presence of ofosie
beddin, ripolesmarie, wor:s Soring ool goal deds provide ample evidenge o
deponition In 8 near shore saviron:cnte p lownarkes and orostesedlin:
are mosl comaon in the larse lenses of coarser reined rocicSe hope lomdes
probably represent bosch or bar depositse ™ e bantonite beds, whish heve
resalted from the sileraiion o7 nearly pure Tineegrain.d weloanic ash, as
woll as the coml and argillmccousr strata associatel il Vhie beckonite,
00aid have scoumiloted only in watare pm..-w from vl pross wave actions
T™e possibdility that the bentacite was lofd down ee port of a delta is ruled
oul by bowh the pure aatare of Lhe slay and the persistence of the relatively
taln bedss Areal Morm-mm_udmmuu “Anserained
rooks suyg est deposition in n' lapon or urh? of lagoons thet wore all ned
alon; o oee const whose Shapey Lho. hnrnt;u;rovm arcustc to 1o northe
woaty wes mot unlike the prosent sutline of the morthern Jlack Mllee
Nowsere san the bentenmite be gdesrved Lo artend to the estremitioes of ihe
Newonstle formations ‘his feed Jurther supports tae Lieory of lagoanal
daposition vithin the nesreshore b 1% in which sandy sedisents were
soouculetings Messive sondotans lemses thet are prasent in the thinnes
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pertions of the formation may even rapresent the off shore bars that ene
cloned the lapoonse

Two hentonite beds are present in outereops of the Newcastle sandstone
in secs 11, Ts 57 Ney Mo 65 ¥ey Orook County, ¥yominge These bentenite
beds sre separate! siratigrephically by 10 1/2 fest of silty shale, but
both heds rest on thin lumpure coal beds and are overlain by argillscecus
siltetone. [he eyclic characleristics of these two seriea of sirata
indicate an unusual repetition of local depositional sonditions. These two
oyeles =l ht have been ceused by Tluctustions of ses lovel or two periods
of elevalions of the land arsas. They cmn slso be explained by a migration
of lagoons elong e coast line during a single period of submergence.
Deposition of both cosly meterisl amd voloanic msh probebly was restricted
to the deeper more quiel portions of shallow lagoonss T™he presence of ona
sonl, bentonltie, and sandstone sequemce above another may represent only
the timins of an ash fall when one miratory lagoon was located above
older lacoonal deposits.

Siliceous Uowry shaloees The silicecus Howry shale is the uppermost
formation of the lower Uretaceous series. Because of its relative hardness

and resistance Lo eroslon,; the lowry is one of the wost conspiousus
formations in the Forthern Black Hille Bentonlte Mining distriets The
formation consicts chiefly of beds of hard silicecus shele interbedded with
sirata of hentonite and subordinate muounts of ulilly materiel. The freash
shale is “rk_ brownishesray and has a sabeoncholdal fracture. Me woathered
material is 1iht ellvery-gray, and in most places weothering is accompanied
by m slight increase in heardnesss [iah reaaing, consisting of vertedrae,
Pins, zill covers and seales, ars abundant throughout the Tormatienes
Powdery yellow sulfur deposite u'o‘ present along both vertiocal jeinte and
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bolding planecey and sul furous odors are Avem o7 w aolst suposures o the
‘rosh ohnlee ‘lore Lhan Lwanty bHenloni'e bHeds wers measure! in “ne sectlon
of the ‘oraetions All of these bentonite bade exeopt one near Lhe 'op of
the ‘ormetion ere loss than 14 inchos 'hlaoke

e orizin of the silicoous shale was carefMlly sludied by "ubey (1979,
Pe 103=170) who theorized that “"The lowry ohales wae Tormed on the sea “loor
by the shemiocel desomposiiion of alovly scsumilisted, very “Incegpeined,
Wlhly siliccous voleanlc ash &n hé ::rom;no‘ of decayin orgenis matier.”
Tubey also observed that the formation 15 softest in ‘he lower part end
hordons progressively upverd and thet the umit wes hardest just delow the
Aay Spur benton! Lo ded whish L loosted coomntielly at the teop of the
fomaations There 15 no strons evidence ogelins' “ubey's sonslusions *er
e Youry shale as exposed in the Jorthera Jlack ‘illls district, “eovever,
the toposrapilc expreacion of Wwe 52 ar 40 feet of shale delow the Dley
Jpar Sentonite el saggeste o deroc of realstance sonewhiet loss than lover
Sedas ™Mia pert of the forsation commonly westhers heck from the edses of
oliffa vhere lover heda stand in sieep Mmeess ™e thin Zone of Wowry ehnle
MM:; abvove the Clay Spur ded ie 2lec less realstent ‘hen the more
sassive strats in ‘he lower part of the formallions

Jeonuce of 1i¢ resistence to erosion, t™here ars seny excellent swposure
of the upper Mwi’ of the formation, bat the lewer pert of the umii is nearly
sverywvhore soverel Ly Lalus or aslluvial deponitss. ‘he few expceures o ne
bede utauly above the Neweasile sandsisme thal are puuyt show et
the lewermoot Mowry stirets sonelet of 10 Lo 20 faet o walty darie payy
flasile suale wileh sredes upward Ante silieesus sheles his thin derk
shale stretus 49 ot Lhe stratl paghie positlon of a thisker saele wnlt they
has been nmaed the Nefay shale by Jollier (1902, p. 52) for exposures on the
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weotorn “lank of Lhe Jlesek 1ille uwplli™te  he “efey shale equivalent ia

included as part. o the Nowry shale in the Torthern ilecl: Mills Lecswse

of ite thin mature an! the psop sxposurce wiloh «how satislestory hounie-
ries only in & fow plesos, Tn that portion of the distriot lying in lSouth
akola and ‘he sastern part of Orook 'sunty, ¥yemin-, the Hewonsile sende
stone 1a not presert and 4! Lo Lmpossible o separate the lover se™ lowry
siale from the lithelosically similar Skull Oresk sheles In such plagsee
Ve lower MNowry boundery maol sonowhiet earbitrerily be drawn ot the base of
Vie lowermast ellicoous shale beds which are 10 to 20 Test il har stratisres
shieally "hm the Lap of the Nowsastle sandet-nes Mo total thloknese of
vnnonimmumrm fron 200 to 220 feetly ‘he greater thlacness
bein - prcz;m!. in the central and westorn parte of the distriets

Inger Oratacecys serise
Joloredo woup

Selle lourcue gholaesee ‘ells foarghe shale, named 4y Colller (1972,
pe 33) after oxposurse alom; the %elle foarehe Mver in ‘he southwestorn
part of Upock ‘ounty, oonniets chleflly of very darkesrey Mssile s ale with
subordinete amourtls of sandy ahale and sany beds o bhenimite rancing in
thicimess from that af mere peperw-thin sesms ‘o § lesl or more. h&n
8o hwestern oﬂndty of the area napped, this 'Mnmm
nemberg, lower and upper, with a mesimum atsregete thicknees of abeut 223
Todte }iammmm’ctdmncmm the town of Jlelle
Four 8oy mm-mmmmmﬂacumommuu
& thiskness of about &) feety arc lithelopleslly typleel of the Jelle
fourohe zwle and scocordinsly are desi mated by that nawes lore s rosks
equivalent %o the upper member are larrsly of a hishly ealsareous faalee
20 closely ellied Lo that of the Jpeenh wn that they have heen mapped ee



an mu."!’mnw part of *hal formaiione

lover ol e lover mozber of the Telle ourshe o ale rances in
thisiness from adoul 05 fest noar the own of lelle “surehe ‘o adout ')
feot An Te 76 Yeg Ry €7 Hep iyoning In 'he southwestern part of the dlateiet,
e seabor {0 vell exprosd in & 2oall streen walley southwest o Il Swway
N2, in s00e 22, ¢ OT Ney Mo 62 ¥y ¥yoning in the ceniral purt of the
dtoiriote A% 1515 loseton hn lower member i a 11t8le more tham %0 feet
hiek and fo subdivisisle Into 'hree lithelo de unites ™Mose unilo ore
alse recomiandle in other parts of he ddeteiot "u' arc not ohown
separataly on the seolo Lo nop evause ‘heir contasts with one smother are
oo ontensively soncealed b soll and o'her surfielinl deposite that they
cannot be nnpped smtiofaet Ve

™e lovermon! unlt, valch reets on the Mowry shale, rengee In thiskness
from 0 to 4 fecte ™is unity whieoh inoludes dentonite beds D end T,
consiete primerily o dark miele which 1o herder end less Meelle thuan 'hat
sl Uw overlying atrata, It containe neny oblateesphoroldel soneretilona,
comvenly corru-ated or plieasried, o hard, oray, Cinelyecryotalline,
nan-and forous siderite, ranging from shout a oot o adut D feel in
equetorial diameter, it rarely messuring mare then a 2ot in their arial
dimensionse ‘eathered surmees o 'hese conare!lsms are mirplishelirown
ar blaak fros oxidetlon and thiey lend o ‘he unit es & vhole o etriking
dark soloration whlch porelsts ‘ar beyond the linits of thie distriot in
espogurss of o sirata adove the Vowry sheloe The unlt 42 cnsperable in
thls respect io the “old mnite sone® (Spivey, 19'0, pe 15), sxposed on he
ssuth side of the Msak A411s in Fall "iver and Cusier Coaunties, Sosth
Jakote, wiloh comprises atpeta above the lowry ranging in thioinesa Mrom
) to 0 foote South of Alasda, Yontana, within the merthern Slask M1ls

a3
v ' s
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mmntﬂo/uMn". dlotrict, the lowersost 295 fecl of eiraite nlae contaln
avold M coneretions vith on avers e serlaua dlasel-r o' aul o
foo . a‘ Q*Qalt‘. veliowisheirown on westhere! surfaoes and showin, condelins
yme .W.’ Conoretions of his kind are lnereasingly alundent lowerd
he -o'ﬁ. side of the dleiriote

:h"o acdial unit of tae lower sembor 1s aioal 710 feet tulek as erposed
In 2o 57 Nieg Ne 62 ey wyoming in ‘e centyal part of “ie dlatricty e
sedinl unit comsjats lergely of sendy shaie intereslated ulih mary deds end
lenace o7 ooty gray sandsione, mast ¢! Lhes leca ‘han 2 Aneves ik, and
‘hiok layers of darlearay, softy flesile ahsles Jede of bdentonile, rensing
in alokness (rom lesa tson an indl 10 & foot and e hal’y, occur at numerous
wrizons within tuis und.. Ironsione eongretions are contained in a thisk
lager of derk shale in ihe addile of e lower il of e anil and two
Wloher otrate contaln lontlcsior concelnecone o Fejatess ™Me relative
rbundance of sandy materinl An e madiel unil me doust represente
dopond tion relaied ‘o that of correlative atpata of tho "rontier sandatone
of areas farther weat in e reglon, A9 on 1o weast side of the Powder
iiver basin of ‘yominge

iho rooks of the uppemost unit ol Lhe lower member oconlaln leas
sandy meterial tien do theose of ne medial unit and they inclule many move
bonianite beds than arc enclosed in the upper of the two nasbers of ‘e
isllo ‘ourcio shales Me uppcruoat, or nonwsanly, und® Lo approvimelely
290 Peet Wnlak in Ty 57 ey "o (2 ¥ey vyoming, 4n the conival pert of the
disirtote About 20 miles ferther scatheasi, iu tae vicinity of Jelle
fourshay Jouilh Jakotay sirete Lollsved o be conlimuous with ‘he upper
part of Wale unit contain 90 mich esloarecuc matler thal Uiey ere regarded
aa halmncin: o the overlvin: ‘resmhorn Tomsatlon, 80 that ‘e uppormost
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andt an wre m'urdwéu anly about 200 feel ‘hiaks In 75 7 Neg e M@ Wy
where 'he entire anit iz woll exposed, 1t comolots evseniinlly o 80Ty
dariee ray shele, in party fMoesile, ineludin: semy deds o Lenloni o and,
in 1'8 upper party a Tew layers cenlainin- hihly caloareous materiel in the
farn of conoretions and lenticular coneeineacne a srosatess “loos o “he
niddle sere is o thin Sod of saniy shale andy, 20 feetl hisher, a zone o
ghole containin: asall concpetiona »” brown silstonees ™Mo topmoe! siFaim
1o vontonite bed I wileh Lo ebeut 4 1/7 feet thick &n tals loecality bt
pinchien put aboul 22 miles farther southesst where the base of the reens
horn lies direstly adowe bheade equivalent ‘e the uppermest unit of the lover
sembore . Among the other bels of bentonite exposed in is 57 MNey N 62 Wy
one about 63 feet lover ‘hen mmuurhlrmt.zmm.h-u
snother about 10 feed still lower L 10 inches thiocks mmctrous others
iletributed dn warlous ports of the unlty, rense in thickness from less
than on inch % £ inchess Poasibly the twe relatively thich bads just
mentionnd roprecent iho sace epidode of voloania ach deposiifon na twe
sven thicker bentonite beds less thap 100 Teet bHolow bed ¥, that are exposed
about 35 mdles ferther southwest, in the scuthwestern port of the diotriote
Upper semberess Mo upper seader of he Belle Fourehe shale Lo mede up
nloont munh of 807t atpata of darkeray shinle, a fev of whlsh sontalin
oaleareooun conoretdons, and some henlonite, notably, ‘he' of bed T The
aosbor reets on Sentonite bod T and 1- ovorlain dy ‘he ireenhorm formatione
Te ‘hicknesa of this member doorecanes from wea' to eati moross ‘he dietriet,
lapsely eoause a change of litholo e fMaelss wherody ‘he Jelle Fourches
Sreenhorn esnlact Bigrates downwerd aeross plares of sipatiTicatione Mway
in the southwestern part of T 36 Hey "o A7 ¥eg Crook Jowm'y, youing
bentondte bed F underlies about 25) reet o7 strata of ‘he upper membder of
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the Yelle "surche ahale, Whersas in an easterly Jdirectlion from that looalliy,
Le 0oy nOrthuest oF Alzeda, ‘iantermy “od F Lo only sbout 177 feet belov the
base o o thin limestone atpaton vhish ‘here marike the bdottom of the overe
lrin: Jreeniorn foramtions ‘ast of Alsada, viere the base o the lresmhorn
irops to the dase o™ 'he Cvuan Lake limeo!-me, he uppoer zember of the lelle
foarche ineludes only 52 Teat of lark shale) noar the 'yominge oulh Jarole
andary 1ts ‘hiskmess decresscs o 17 feet and 1o only adout € ‘ec’ 4 miles
rorthwent of the town of Selle ocurahe, in Mmite Commiy, So.th Jukela, wher:
e hed P dles ovt. tsntward beyond thet leerlity 'his member samnob be
trace? an? fres there on the Selle /o irehe shalo 19 sceardincly ampped as
m andividel ™"rentlione

Irgemhorn forpationess.ie ‘reemhom Torastion sonsinta meinly of browne
e ray oaloafoous shnle and merl, vith a Jew thin bede, lenses and
maretions o7 limentone, 9990 noneoal anresun derk ahale and a 144 ile
ben'onlio, “horeas this Tormation 15 only about 70 feot thiolk s mossured
In T 95 Ney My A7 ¥Wey Vpoming moar the southwsctorn ewtremity of this
HHotptet, adeut 370 feel of bedo are ineluded D niles 0 the cnasfy just
ot 0f whe Uyeninseiouth Daenta owmdiarye nmw
Inerense in thisimess twas exonplified is due prinmerily %o a chonge of
litholode fectes, alresdy nated in desoribin: the upper wembder of the
ielle Ysarche a:ale, wheredhy ‘he lime earbenate mt of rooks within
the a'patinraphio ilnterval osaupled by the udser wembdor of “ae Jeile "ourche
shale 4n “he southmestern part o7 ‘he distelot inerenses reatly “rom west
s onsts '8 a sonasrience of ‘il cance, 'he pocahiornelelle ourohe
sontast of sretes Jownward morose planes of stretllostion, wier-as ihe
somtact of the “reemharn with the overlyin  beda of the Cariile formatien
follove o semtially ‘he sese aipatispepiloe horisen fros ene end of the



24

diotriot 10 the others Mo entire irenn'\m:y"in the so:thwesiern part o’ the
distriet agooriin,ly represonta only ‘he \t;»omm dpeenhwrn dods neor ho
iyoaingelonth Dakota Bomierye Mhe usderlyin- ‘Peeniorn sirals a' Jyeaince
Joath Oskota oundery are contimious wiih the upper msaber o the elle
Yourche shele in the southwegtern part of the distriots

e lover twowthinds o the ‘reenhorn ‘omme’lion contains seversl bLeds
of linestons interbedded with the Wwownisheray oalearecus shale. he
iinostone deds are rarcly more than one "eot thick and ar: ssupesed of
browniohecray, orystalline lises‘sns that sontaine aundant sharke teeth
and fragments of Inogeraaus shellse 'he lowermost limeatone bed, whioh restie
sharply on the Jelle “ourche shale, hwe unu-du\oormhhumm
by Petegh (1949, pe 9=10)s e Omon Leke bed extenie across the eastarn
Mi\f of the diatrictly, and 12 thwe onp reck that suprorie praxinat ridses
paralleling Us 3¢ ey 212¢ Other limestone beds in the lover part. of
the ireenhorn formation sre neliher ac persisten’ nor es prosinently expossd
05 the Oruen Leke beds he lover twoetihirde of the Jpeenhorn Tormetion was
claseified me & peari of the ‘raneros shale by Derton (1909, pe 4) and thie
ull’.ﬂnmnnmtoélioMMWofWMmalc
by Petech (19%), pe Tel0)e

Te upper one=third of the forwation comsists of very 18 Mt zpay
weatherin: marl that contain® many somes of 1imestone sonereticns, thin
beds nnd lenses of limesions, and Urln nonesslospeous onele otrates e
limestons beds are 11 Mt drown snd “ora consplouous brown bands on weatherad
ouleropse ‘hese limcatone beds are teal developed northeast of Jolony,
iyonin: and tend 1o grade westuard Into mones of closely spmoed aomeretione
“iloht in turn beosse 1ess mumerous fartier to the weste Lenses of fusure
bentonite Panging up o nestly e Test tAldk wre present tn weme eitereps
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of the upper Oreenhorn beds.

Bentonite bed G occurs 35 to 60 feet above the base of the lreenhorn
forustion in the eastern part o the diastriet where the lower Ureenhorn bede
are presents Bed © Mu into the dark shale facies as the lover ‘reenhorn
sirate grade into the Selle Fourche shales In exposures on the west side of
the Little Missouri River walley, bed O ia evposed 47 feet below the top of
the Belle Fourche shales Farther Lo the acuthwest still greater ihicimesses
of dark shale are present above the bentonite beds

Carlile shalese=The Carlile shale on the northern flank of the 3lack
illes is ebout 500 feet thick and 1s nmade up of three menbers which can be
distin ulshed rcdily. he lowermost unit, sn unnased member, i1s couposed
of darke;ray, fissile shale in which both ealomrecus and ferruginous cone
eretions are abundant, The ealemrecous concretions are subspherical in shape
with dismeters ranging frem 1 1/2 to 3 feely, and moet of them are permested
with ealeite filled oracks and have poorly developed coneeinecone structure.
ihe ferruginous concretions are restricteld to a sone 10 to 20 feet thick
at the top of the members These flat ovaleshaped concretlions are ordinerily
less than 5 inches by 1 1/2 feet in sizes Thin light colored bentonite beds
are present in the middle end lower parte of the member in some exposures,
but none of the bentonite attamine the dimemsions deusnded of comsereial
depositse Jecsuse of ite eoft nature, good exposures of the lower Caurlile
member are not commone ihe unit is about 90 feet thisk north of Selle
Fourche, South Dekota, 't i1t inereases to nearly 100 feet in the western
part of Crook Counly, Wyominge

e Turner sandy shale is the medial member of (e Carlile fomﬁuo
ihe Tarner unit is composed of derk shale that contalns meny limestone
oconcretions, lightegray sandetone lenses and sandy shales Loeslly the
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it aloo contains emall lonses of phoaphatls nodules and shiale nedhlos,

ne middle part of the urner contains sonca of oconeretlisns, sace o whioh
are mors than € feet in diemseter and ‘orm resistant sonos in the shale that
ere etpressed in a series of lov ridoec risin: one sabove the othor in step=
ke foslifone In the esstarn part of the dlstriet he memder 12 about

29 fect infcky hat 1t thins loward the wests T™e lover sandy beds appear
0 inter’iner with the sudissent lover Carlile membere ‘eamive ‘he
hilcdmess o the lover acaber insresses “oward ine weat, *‘he '‘otal iigimens
of "he two members revaine nesrly uniforme Tsunal sones o the Turner
mneuber 4o not appear %o de Proscrved in the dark shals Mt 1t seens almant o
corlalniy that Whe uprer pari of the lover sember in Western Urook Ueunty,
¥pordng wes depooited almiltamssualy wi'h ‘e lower part o the Turner
nenber an erposed north of Jslle ourew, Sounth Dekotas he Sare Peaks
shinle member ranges Pom adout 200 to 500 feel ihiek and Toras prosinent
bsarren ouleropss Darkesray, nonecalssresus shmie and 11 At sroy 1lsestone
conovetions make up the senbers lost o the shale weathore aray, Wt =
sone near the top westhers Li-hL ray and evoept “or 118 noneanlosreous
nature could enelly “e miotaten Tar a part of the super lacent "oirare
formatione ™Me conorolions ocour in prooinent sones fspartis: a resistance
to the shele hatl supporte proninent ridges and sunil bduttess leot af the
sonorotions are subapherieal ar oval shaped and rence "ron 1 to § feetl in
dissetor, hut soae of then ars af mich a8 3 by 3 feet in verticel Jisensions
od 5 or U feot acrosse Praciicelly all o the sonaretione er: intricstely
o;p\'hzn with saloite veinse DUarkeiroun or black calelte o pariliezlerly
cheractoristio of the aeptaris in 'hove -eonoretions in the up er perti of
e nenbere he ealolle septaria in the comsretions near the aiddle of

the unit are often empossd o hroum, yﬂlworm.aul white oalnoite



27

in concontris layera possibly inileatins ‘hwre- aepara‘e ateges of orystale
1ization or sourees o “he ealelites

W“u Sobrara formetion conalets of warlishebrown
narl vhloh ﬁa‘.‘nn s veory it shsles of rayy yellowiohe ray, ond
srencicheraye feda of 207 darkeay suale up 0 15 et hlek ore asunlly
present in the upper Tourth of the fomantions Limeatone comerotions =nd
hin seds and lenses ore covvon in the upper ond lower parts o7 he mlle
Fish Leeth and bones ar: sperinly present in the lower parte he thin
bods of limsst.ve oonalet oilefly of poorly cemented accumalatlons of
fares gon esis siellse e lNlobrera ‘orastion erodes easily bdecnuse o
1% oot nature anl much o 18 arcal ox'ent lo covere!l 'y alluviume
Mlcknesses o7 the ‘orsoiion throughout mest o ihe disirict are approvie
palely 200 feet matl only 170 feel o lodrara strals is precent in czposures
of oteeply dipping roske dn Te 6 e, e 67 ¥ey Crook _ounty, Wyominge

Jiany thin bede and lenses of bentonite are present in the upper hal?
of the unite The thickest of thooe bentoni'e beds Lo raroly more than 6
inches sud surfee ‘erxtares indisote thatl mont of the bomtonite hwma low

owollin: oapucitiese Mo bentonitie materials ere groay or LAt srey in \"QG
Q

solor and nearly sll o7 the beds have sose iron stalinse

| Con‘ana -roup
Zigrre ahnlge=s e morine Plerre shsle overlise 'he Rlewara “nraation
and han & thlckness of 1,607 10 1,700 feote Me Plerre ‘orsation sonsiste
of ray - and dovhepay siaio '-o’i'Jl a ‘ow sondy oiratss TJeoancs o the reet
thicimoss and the lov dips hot prevell, he outorop belt of ‘he “oraatien
ie very vile on the morthern Tlenk of he lask Hllsse Me sel sinle in
easily sroded and es n rule outorops are sovered wi'h alluvios or soll
mmm%uwwtm e Plerre ohale of
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the forthern Slesk Hllls was iivide! into Tive nembers 'y “ubey (1920, Pe 3
3) mut peor crpocures prevented mapping and seasurercnt of "he membors
shove he [Hitlen mombers

Jemwon Perrusinous shale menmborees Mo Jaumon member, ‘ho lovermoot
undt of the Plerre shale, consiets of adeut 000 fect al soft sray shele
vileh conteine mmerous lerrasinous mudeions coneretlioms ‘hatl weathor pFioly
browns e iroal sandstone bed whioch rances from 0 to 150 fest ocours
150 feet below the top of the meabore ™o sandstone is "ineesPained,
ayichetpown and bLrown in celor e locally contains mach slmaconitie
mnteriale e middle portion of the “poal bed 18 often au""lolently
resistant %o eap mites and %o support ridoes Wt doth the upprer ard lover
portlone are arziilecesus end grede inte the enslosin- shales Me uppore
woat 170 feet of the Jeemoen member contalins meny cslearecus concretions
as woll ns the rusty weatherin: ‘erriginous conoretionns ‘entonite bed 4
which ‘orue persistent fvory solored outorop bands in the South Dakote
poriion of the disteict 48 70 ‘o 75 Meet helow ‘he ‘op ofm-i-w. Jod
i 42 aleoo prescent in the weslorn part of Crook Usunlyy “yoming tat 4te
oxtoreps ore nol comsploucus and 1t wes nol mapped in tha'. areas

liten “lack siale meubereeshs iliton shale mesber overlies the Jammon
thalee Mils membier 1o characterised by adundant coptarinte ealeares:s
eonaretions wilch weather yellow and srovne ™e abundent oconcretions and
the coheaive propertles of the Mitten shele mako §° sufficlently resistant
W Yorn rounled grassecovered soarps thotl riee ~enily aiove semlberren
flate formed by the upper Jwmmon sirates Jentonite bed A « thick bed with
sony ohmle paptinge, oosurs at the bane of the neabere O:tereps of this
bentandte bod are penerally sovered, Wt (heir position is often marked by
8 shanse in slape at the have of e low Mitten seafne The Mitlen membor
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is about 130 Mot ‘hidike

Umnamoed cosderes=duper jncent to the Miten shele i an umpanod and!
wilsh 12 about 430 feet hick anl couposed o darkeray sheles o lover
nll somtaine much sendy saterial )ofd local lensee end bSeds o (riable,
fine=gpained, sray sendsione are comsomn in ‘he northeast pert of "he
dlatricte Soth ecaloaresis od (erpaszinous coneretions are soomon in he
pper onsehinl of the uniie

Somasent A1l bontaniiic menteree~ Mo ‘gnument W1l masder is adout
100 feet nalok and soncla's of groy shalee Mo shale woathors 1L AL gray
and mm several monecs o larse 1l Alesray limestone conereiions.
il sede of lofkeray mwd:u shale ansaciated with hin dads o
wntonite are presont in e wpper Arecefourihs o’ the unlle e entanite
bedn are Mhtegray ond oy in color and as a rule are loss than I 1/2 foet
Milckte Fiany Wotlte Tlskos and celeite sreins are vielble in hand speotimens
ol “he dben'mi‘e and indloate i) noneclay minersl contenta, Ipheriesd
barlte conoretions of palletin  ved ceshaped oryotals are comonly
assoointed with the bentonite dedes ™Mese somoreilions average about 1 172
inion in dlsmeters Tlbfrous calelte ‘ragsents are adiniant on vesthored
mar‘noed of ‘e bentonite hlo. 'm“ the powdery nature o  the weathepred
surinces su-seate that the bentonite 208 low swellin propertiess

Umanod n-nborees N uppornost umit o he Plerre shale consls's ef
207 darlmcrny flonile sholes A Tew ssloaresis nomoreticong ofe present
throashout e unite Mis umnened senber ia spproriasately 200 fect thialke

Fox UALe senioionsees o Fox 1lls sandaione overlies the Plerve
shele snd eomaists of mmm-mﬂdxumummof&
slonte On the norihern Tlenk of the Wack Mils ‘he “ormtion renses in
ickmese from 190 to 230 feets Oatereps of the ‘opsmation are characterised
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by low grass-covered ridges. The Fox Hills sandstone lies north of the

area covered by the reoclogic map.

TERTIARY AND QUATERNARY SURFICIAL FEATURES

The southern margin of the district under discussion lies within the
northern foothills of the Black Hills, a fairly rugged group of mountains
in en unglaciated portion of the Missouri Platean section of the Great
Plains province (Fennemen, 1931, Pl. 1) about 150 miles east of the Rocky
Mounteins. The bedrock underlying the distriel is largely concealed by
soil and by surficial materials deposited by streams durins late Tertiary
and Quaternary time.

The surface of the district is only moderately disseg¢ted, with a total
relief of about 1,000 feets In an overall sense, its slope is gentle and -
downward toward the north, away from the mountaimous area of the Black
Hills, There are nevertheless many steep hillsides and a large proportion
of the surface slopes in other directions; in fact, much of it actually
slopes toward the south and the lowest altitude, ambout 3,000 feet above
sea level along the Belle Fourche River near the town of Belle Fourche,
lies within 3 1/2 miles of the most southerly section line of the district.

Extending in a northeasterly direction approximately secross the center
of the district is a drainage divide, on the west side of which the run
off drains into Little Missouri River and, on the east side, into Belle
Fourche River.

The geomorphic history of the district is known only in broad outline.
Neerly ell the sediments of the exposed Cretaceous bedrock formations were
deposited in en eplcontinental see which disappeared in late Cretaceous

time, After departure of the sea, end continuing into early Tertiary time,
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sdifticns]l selimontery otrata of terrcotrinl origin (‘ell “reck to ¥mosteh),
wotly deposited by aggradationel streans, may have scowsilated sere 4o o
-meidorable thiskness and all the recks of the ned fhiberhood, inrecludin-: any
such youncer otrete, were later deforu-d 4y ‘orces relat:d Lo the Larsaide
oryenye Jy Oligoeene laey hovevery demuintive proccsses hnd pived
asoendancy ond heove sinee sontimaed astive antil the emly rocks rewaining
today 1n thls distriet thot are youngoer than the folded end faulted marine
‘retacecun bedvock ormetions are surflclial deposits of enil, silt, oand
and rovels

Toarly all o this surficlel setorial 12 rock derivel from ovtoreps
um«/«.mmumuummmmm.mm
on thy Tlood pleins of stroama mach older then the prosat riverse ™e
mmnmuhwwlmmumunmconh
™ uler, susgesting rether short distences o transportetions “io asterisle
of which they are composad are oifefly limes ane, quarts, quartsite and
forriinoas rooks, and these are coamenly interired with sabordinete
morwmmuwm. Moot of the asteriel of
e coarser ravels ia poorly sorteld, %A in sortein luyers or lonses the
hmumurm'lnnhu in peneral there is a decrears in particle
alee o tae grevels in 050 lower terrsces and Liw lower lovels comtaln sach
aatorisi of u.wm%mmm. !aoh\‘od wrslders o
ldﬁMuawanmumm Lenpes of ollt end
san! are mosl siuntent in the thkes lowest tervasess e entire thiskaeos
of the terrace deposita &2 exponsd in only a ‘ev pluces snd, a8 a rule,
Lindp thisimess sonnol be ece ratoly doteraineds “ev of them, hwowover,
tppear 40 be nore than 0 feot thieks Terreces in 'he walleye of Owl Ureeck
md Yorth end “outh Indien Creek difler frox these in 'he Telle Mourche
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Uver volley In that escentlially all of the ravel ie o local ori 4dne
st pobbles in theme deposiie arc an-ulsr and lesa than 7 inaves in
dlaseteres he pebbles are ahlely ‘raments of llmestone end ferrucincus
coneretions, which are residusl producte of Lhe erosion o the o't Upper
M::‘m)alno ‘

Jy Tar the most oxlonalve cetesory of surfielal depoaita 1o thet
umpped as "younger alluviun®, unl, whlch ccouples tho ‘loodplaine elen-
the present streamsj the alr eategorics of "older” surficlal depesita,
ranzineg from J0 to over W0 fest in helsht above 'he lelle Fourche ver,
are coextonaive wi‘h resnents o terraces representing in ‘helir arder
fron hi heaty, U6, %o lovest, Ot 1, olz sucoessive olasee In 'he sculpture
in: of the land surfeces 'heress in the part of the distrietl drained by
tie Jelle Tourche "iver snd Lin iributaries, all o ‘hese calejories of
"older® surfioial deposits are sssoolated with terrmses, it {s noleworthy
that in et part lyin: lihin the watershed of he Little Masouri "iver
anly deposiis of 'he three aldest catepries, Gt &4 Ut 5 end Tt 4, sre
present as terrace cappin-se lestriction of the younea’ satesnries, m.i."
A2 and 1L 1, ‘0 the part of he disiriet east o he centpral divide han ‘o

do vith o nir mmecapture that took plose at some time durin- ‘he Plelstosene

opoche  As cutlined by Darten and O%arra (1900, poe 1y 2), ‘he clroumstences
relatin: %o ‘his insldent are as followss

“Une of the most rotable tapo waphie features in the guodransle i3 ‘he
Stoneville "late, (I core Ve I7 Hey Te 62 ¥y) & smoothedotboned velley
that extends complotely noross e low Aivide between 14t'le Missourl snd
Gelle Fourche rivers., Originally it wes ccoupled by the upper pert o 'he
delle "surche, vhaloh ‘hen “lowed northward into the Little Mesourie ™e
mzu floored with a deposit of leos el sravel, some o which continaes

the Wi lerraces up the Jolle Tourehe, wnd to the narth 1t uerges inte
“lf‘ elluvium 1yin: alom: the Litile “fesourfe ™ieo chane o sourse of the
olreas 18 n cloar cese of airoas rebbery, the lover islle “ourche, with the

slvania e of stesper doollivity, having sut back the head of 1ts walley until
in e present bl bomd 1% has coplured the stress which ori Asally lowed
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into ‘he Little Mosourl Uwrou it the Gtenaville "latas iinos that tiwd ‘he
olle "ourene Velley hns “een leepemed aboutl 107 Tecty, for there io o hich
bank of adout that hel At in e derd of he rivers In o'her words, o dem
acngwtiat over 100 feel in hel At would turn baek MHe wators o “he unpep
lelle T"ourche into the Litile 'Hlesouri, bty on “he olther hand, o dam of
vory moderate hel At would defloe '1ho weters of the Litile Hosouri scrooe
the Slonaville Flate inte the dells “curshies There o bt little crosion
in these Tlats of presenty ' 1t ia probable that n otrean will even‘unily
develon *here uat will au' seroes 'hes end dofoetl ‘he head o ilitle
iesourd “iver Into the jelle ‘ourchee Juch o olfean heo alrealy o m ‘he
eteave'ion o7 a valley alon; Lhe eastern side of 'he “lates”

Lach of the terraces on which the "olier” surfioclial deposi's lie is
avei madle to a position ong above or b low a subehorizoniel surfage ‘het
io conaidered o represent he approximete former poesition in spece of ‘he
lood plain o e principal slreen that flowed in 119 immediate visinity
al the lime of ‘he saptares In the vielnity of the folle Fourshe "iver and
it trituteries, he terrace depacits deol nated Lt 5 (see wolode map) e
o6 such surfeoces and sog approxlustely, do 'he alluvisal meateriels deai nated
il In the stress valleys within he part of ‘he district dealned by i4itle
Hisscari "iver and 1% ‘ribatariecs In the presont dilseusclon, all such
Surfages are Lermed, collestively, the Tioneville sirisge becmise sll of
iem are sonsllered o have developed st the same, oF nesrly ‘he sene Lise
a8 ‘the dleneville liete, whers the saplire Look pleces Mo materisals om
tarraces hier than the S oneville surfeoe, <t A Gt 5 and Tt & may then
b¢ alnseiried as prowitoneville, ond hooe et lower lovels, &L % aml 1t 3y
a5 posleitonovilles

he hel ht of the hidhest! and oldest pro=itoneville terracs depasite,
n 6, uluuh on an average are abdml 529 feet hilcher theam he Stoneville
surfoce, su geets thal thelr origin mey heve heen contemporenscus with
et of the Hounlein Meadow mirfose nf the ulut Mlle, belicved iy
Aliman (1929, pe 21elf) 1o have orisinated in nide li oeene ‘fmes 17 ooy

(hoy may Yo outliers of a vast peneplain, the Uypress plain (Alden, 19050,
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pe Jmli) wiloh is imown %0 have eriended over much of the mortiers ‘reat
Meine resion durin: Oll oscenc 'dmes ilovever, their cerrelation with
deposits so wr outside thie distriol is problematiesl end “he deposits
dool mated 7L & oan be assi med only tenistively to the Ollicovene series;
they cosld de muah youncer and were considered so oy Darton and Vlerrae
(1900, pe le=ble

fvo atages o eireamearosion in the interval between depositlion of
these 2l hest surficliel sateriels and those aon ‘he Stoneville ourinoe,
4t 3y ore represented Y terreces about 710 feely, Ut Iy end 130 feely
0 4 hiher han the Stoneville surfacee Host of the remmants of these
tuo pree=itone ille terraces occur seuthmast o the centpal dreine e divile
at a few are also present tu the wvalley of Litile ‘fssourl "ivere

e torrace deposlitis hat cocupy by “ar e larpest aggregate srea
ars ‘hose on the Staneville, 4t 5, ourlece 1tselfs ‘ast of the sentpal
divide all 3t ) deposits are materisle hat hed scousulsted casentielly
el e ime o the streane-capiures west o the divide they include also
mach allavias that has been deposited in the interval asince that times
Some af this youner malerial is precumebly oquivalen' in age Lo deposite
on whe posteiitoneville terreces, Gt 2 end Gt 1, thatl ocour only ess’ of
he divide, and the rest iz eguivalen' o the deposits of "soent mlluvium,
ialy thal cccupy the floodplains o ‘elle "ourghe "iver, vl Creek and
Zouth Indien Oreoke ™e hicher of the two posteitoneville lerraces, Ot 2,
e nbout % reet below 'he Stoneville surfsce; the lowar 1s aboul T3 feet
bolow Linl surfaces Me "ecoent slluvium alon; the delle "ourshe “lver 1o
abait 100 feel 2elow the Glomeville sirfeses
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he Lalo'e sandstone lo ‘he oldest Uretacecis Tormation in lhe Jladk
Hils arese It 18 goverally sccepted ‘hal hils "orsaiion does no!
rosresent the beglonin: of Jretacenus (ime, Nal there is mo large
wnoon orslty indleated W the contact of the lakota sendstons and the
Jupassic Jorrison Tormations Mo Lakota eandstone, he "uson Tormation,
ord ‘he lower three-fourtha of ‘he Tall "iver sandstone consists of none
morine depooiise Marine fosolls in the wpper port o he Fall Tiver sande
tione avidence he Ciret sulmerjence of ihe Bleck ‘ills erea in the
Oretacecus periade ™Mo Sill Oresi: shale, whioh rests om the "all “dver
sandoione, conolsts of derk mnrine gelinontas e Simll Treck end ite
oquivaient in the Termopolis shale have a very wide extent which indloates
uni ‘o conditions la 6 brood eplocntinentsl sems entern limits of this
tsa an shown by “ecolde (104%) extended alom: a line a short distance west
of the Idahoetyomin - woundarys A loosl upll’t of the 3lack “ills Tollowed
e feposiilon of the Ukall Oresis shalee Turin: Whe relatively short tlse
tgquired for ‘he deposition o the Hewesa'le “ormution, 'he ceniral Hlsok
nuam.wwxumﬁxutumwmwm
rewsriced sendy deposits, on! the absence o cosrse ;Poveloss The lleck
1lle ares ageln suimer-od at the hegianin: of depesition of the NHowry
shales Sidesproad aniform sonditions ers indiceted by ‘he faot that
Wnomsaonly silicesis shales extend over nearly the em'ire stéde of Uyomine
‘the southern iree=Tourtho of Montann, the wedlern parts o ‘e Uakotes,
and wentern Nebroslke. Yestearn lialis o% ‘hio ses probebly sxtended north



and sou'h throud esstern ideio, ond non-nilleecis norine selimentation
sy have oxtended s far east os coniral Iova (114 J)e Oy lowry llme
sodinentation was suoh more active in ‘he western part of (he seas
Considerable evidence indisates ‘ha' land areas in Ulah, ideho, and weostern
fontana were din: actively uplifted and provided most of '‘he sedliaen’ end
mich o' Llhe wvoleanic materiale

txgopt for a change ‘rom silicecus to dark shale Yypo of sedimentetion,
coniitions continsed to Yo uniform ‘hroushout ‘he depocitiomn of "he lowere
Moot Upper Crotacecua formation, the Jelle "surese shalos Continmaed upli©e
o wostern land arcas 1o indicated dy sandy sediments in the equivalent of
the Delle Fourche nnl: %0 ‘he weste OUaloarecie deposiis of the lresmharn
foraatiin ou geot e Wwoad shallow sea ortended over much of ‘he 1A Plaine
reton al that tloes o the west the Peamiorn ‘oruaiion pasees into s
shale fasles walsh in turm sredes into sandy shale and continemtel iype
sedimentss The dork shale and sandy ehale of the Carlile unlt and the
saloarecus rociks 0 the lolwars Torastion repressnt o repetition of
Sonditions ‘hat existed in Jelle Fourchwe and Jpeerhorn times e thieck
larre a; Aniteates a long po-led of Father uni’ors marine oondliions
urtng N continental iype sedinente tonded to lncresse o ‘he east and
the eplooniinental son became sonewhal resiricteds Ty Pox 'Iille tine the
sea was restrioted to the eastern paris of Montens, “yeuln, M\d
wostern Deiotes and Hebrasikas AL the alose of "o ills ilme, the sea
withdrew ‘rom the ileck Mlle and surrounding areas ‘valual withirewsl
af the sea and low olevalions of *he land areas are su estel Yy he
rolatlons of the Fox dille o ‘he suparjasent goniinental deposite of the
Lenes formatione Dobbim and “ecside (1930, pe Del)) heve showm thet ot
some localitles ‘he Lance and To= Hilla ars sepsrated by e suall
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uneonforsity Mt in many places the conlagt detwern the two Tormations e
gadntionale ™o uppormost Cretasecus 1s representeld 'y the omiinental

depoaito of e Lence ‘oromtions

Me bentonite deposits of the northern Ilack Mills 1lie wi‘hin e belt

of low “olde wiloh skirts the mersdn of the ileck Mile uplifte “eglomal
dips are entle lowvard the northeasty northy, and northwesty it in the woet
and southwest paprts of the dlstriaet where dips of 20 to J0 degreen are
comon, the rock strate drep sharply inte the Powder "iver structirsl besine
folds in the esstern hal’ ar the district sre charssterised by elon-nte,
synciinal snd antielinal loxtares whooe axes parallel the srouets northern
sorsin of the Slmck Millse Hest of these folde are nearly aymetricsl ia
catline and range ‘rom sdozt 1 mile 20 10 ailes in length and fron 00 yards
0 5 wlles in widthe Folds in the western part of the dlstrietl tend to he
ojuidinensional end are not as well oriented with the margin of the Alack
11ls uplift es the anilclines In the eastern part of the distriate Gone
of these nearly equidimenaionsl dowes may have cores of L moocus rocks,; a
poesibility suzsested by the fact that ssue 07 them are only & few siles
from the monmonitic masses of Devil's Tower and Missouri Muttess

Vamy small atricturel demes end synelinel depressions are superizposed
on Woih the lorger structures and on sentle reclonal dipses Vertiesl
dimensione of moat of these manll fealures ean Le measured in a fev feet
and thelr latoral extent in a fou yardss ™ese stiruciures are pariicilarly
spparent where Lho lower part of the delle Fourche and upper pert of the
Nowry formation erc erposel besaise seversl 11-5% colore! benionile beds
in dark shale emphasise local dipse Lask of orientation end swell slse of
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of theee siructures si; 00's *wmi Uhey have notl Leen ‘ormed Hy dlssirophlce
forgene “tractares of sinilar ss mitude in *he Minnekahlsn lisectone of
Pormian ote in the Mltewsod roglon of the Jlmek 'M1lls have besn attriduted
w insacik (1996, pe 23) ‘o uneven coupsction snd condensetion of unierlying
shales, UAflerential compaotion or movesenis within the CUrelasscus sialew
probably took pleee durin: the foldin .of the lar er strustures snd '
upldft of the Sles: Mlls in the Tertiary periode

Mere 16 no strong ovidence soncerning ‘he dele of the foldin; within
the area ol the present invesiialign where apper Uretagesus rooirs are sll
marine and wmumt-wQaiwa“dhm
deposites lariher west in the Pouder 'iver lJasin the Cretacecuseimmosole
seotion 18 mor: sompletes Dobbin and Teeside (1970, pe %e2) demonsireted
that the withdraval of the Cretacecus sesas o' 'he olose of fox ille time
is not marked by e major uncon‘orsitye e fineesrained noturc ot the
Mick Lanee Tormation Lo evidensce tha! land ereas remeined low in latest
Urelscecus ‘daee Paloocene ond Vocene units where pressant in the eastern
mzormmﬂmmm“w sussesting thet the
uplirt of the Hlack T1ls was more or loes gradaal and barely exseeded the
rate of eresion throu hwoul early lertisry times ™Me flrst evidense of
promiment ralie” in "ho re-don 1s presentad Wy cosrse Lorrace Javels, the
oliest of which have bdeon dated by geolodols as wideOli ocene on ihe Lasis
o7 rather seanly ovidence, Additional uplifis in Pliscone and m‘
epoche are si sested Y the atepelile arrangesent of terraces end the tilte
in:. of older pemoplained surfnoess “oudtless the sirala of the lortuern
Slack M1l District wero influsnced by weriess stages of uplift thet
escurred from lete Crotasesus ‘e "lelstocone Lisee ‘lowever, 1l seeus
mMo’MWQO'L procinent folding tock plage at the tise of the



Flpare OGeme’milt oxposed in otedp nine of the Clay Spur bentonile bed in
Bane 13,‘5. Te © “g. Re 3 1‘1.. Ty Lie '»:ﬁ}l’ﬂay’ Jouts Tmkotae Usolosist is
standing st base of fault searpe "Miite hand year top of ext Torsed bW
outareps of bentonite bed U,



reatost resional wplift whioh could not have cesurred util afer the
deposition of the Tinse-rained ‘ocens salinenta,

e rocid exposed ot the surface are alzss’ frec of larre foaltas, =t
omall feulte are sommoné Normol faclte ha ing pearly vertiosl foult planes
ad dieplasovents of only a Tew fect are partioularly abundant in the upper
part of the Nowry chale where they mreetly infliuence the eonisuration of
outorops of the Uley Spur bemtonite beds ™o faalts genersily ceune little
dirrioulty in minin . bSentonite (Fige 4) ut in a few places axcocsive
thicimenses of overbarien arc present on the downthrown side of fenltee

ARRMOOX_OF JLFI0LIS
STUCTURE OF MORDORILLONETSE
Hontnorillonite 19 essentially the only oley aineral in ‘J\OVMM

of the Yorthern Jleck ills dietrictes ™o ool comuonly soccopled erystel
stracturs of this ainerel ("ige ) 40 dasically thet sugrceate! by Hofmerm,
‘ndoll, and ¥ila (1905, pe 3%0e34T)s They dollovel that the structure
conniste! of ane siddelite sheot sandulcned Delween two choote o alllea
Letrahedral groupss Unii celle are stacked ane eove ‘he other in the
direction of the seasls mt are separaled Ly difTerent maunts of waters
lesmise of varlebions in water, the cellmensiom of the alneral is not
‘oonstants the result s an expoaniin: lattices ‘ntmorillonite hee en 1deal
caspesttion of (U1)4 Aby 4g 09 * & 20, ut replesements of 8877 by
Ay ug’ and 76 or %' 7 are somone M1 of the Pepiasesonts aroent
'5”4 mnwrmnh.an charges 14 L8 semorally aceepted that
Wese nosative charges are balmmsed iy enhengetdis sstiens; The tipe ent
M.fnwmumﬂmwmnhnanmxcfm;-ﬂq

‘. abindance and posaibly e exahangeability of the sationse Type and



MONTMORILLONITE (OH) A1, Sig0,,
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male Vol 20, 1092, Tize 1y pe 239)s o
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sundanse of antionsy in turn, =Pea'ly In“luemce the physioel sroverties
of the slaye In the "Vpoming type® bentonites, sodius is v Jar Mo mool
shandent exohanseabls cation, it as o pule seme 08 end s as well aw
ainer ssounto of X and H are aloe presents

deomaoe Woe and abundance of oations har maah Lo do with the
propartiocs of banlonlie, lossbion and replogeasiiity of exochanpgeablo ioms
ie very lmportante losulte obteinad iy Mendricks, Noloon, and Alexander
(192405 pe 1937a1468) ohov thet mors than 30 pepoent o the oxchan-easle
oations ar: loceted betwemn the silisnle sheots pather Yhan arsund he
olges of the montworillonite flskess Replaseability of fems is not
copletoly underatood, b /it 39 imowm et 1% 1o Anluenced iy seversd
m. In penepel divalent fone have “ars replasin: power than mm
fones liyivozen Lo an eveeption Lo e tamerelity e 1t tends 0 have mish
mare r plseln: power then other memovalent lene. varlous lona bohave
4L ferently me he population of exchenge poaliieons inoresses or dooreasone
Ganoeniration of ioms seoess e heve an Saportant of fecty, and increesad
fonomira‘ions of a iven lom jenerally seuces ;reator ovcueny: ity thet lome

FON CLAY MAT'RIALS OF 12 BemvoNIT:

Gomtents of mon aley matarisls 4n the demtonite beds of the Topthern
Noor HMlls Motric rance fron 8 o abost 63 porecnts Percentases of
Mauﬂoh&&uum-ﬁamwlmm 't provortions
of von elay matorials vory in 41fTeront sirels and from plese to plese within
& bede The particie alse o7 the non olay metorials 12 divisadle inte the
follovan: groupes (1) large “Pnento, Lo ladgl éryctalo of ealcite end
pelenite as 1or n ap 2 iy 5 incheoy (2) mrlly or sendesised particles lersar
than 320 sesh oleve (44 mi.pon opentnz)p (3) particles scaller tham opit
MRl onn bo owerved by optiesl nethedsg (4) pertisies ton small for



omervat’on 57 option]l =athndoe

lian oley enterials eonsist a” wmalter:d portions of the orisinal ash,
detrital manterials and preoipl taten o' noludle minerals, Mo detrital
alnerais and some of the ¢henieal proeipitates were introduced duric: the
doponition of the ashe Jomo of e salusle selte and Lrom oxides mue’ heve
been introluced after depsoitions Namy o Uw umaltered siverais o the
ooh are sonevhiatl erbitrarily distinalehed "ros detritel mincralas on the
mols of en uleritye

driginal constituenis of the ash ars composal ohiefly of snnlar quaris
ol ‘oldspare Same Motltas and minor enmmis of muscoviley wlesnlo lees
shardes, and ‘races o soveral of the ssoessory ndnerals in lomecis rocke ere
asually prosente runer (1990, pe $7=000) has devonoirated tint P—
bentonites oontaln ao mich a8 70 percen’ orisiodalite, and hal the
eristobalite osours In particles that erec emaller them 1420 wloronss o
sristobalite was Sdentiried by oplicel wethnde in the dantonite semples
P the Torthorn Tlask M1le dlstricte ‘lowover, teray osesineilons by
monbers of the Jeoshestatry end Pelpolo y branch of the Us Se “oolosiosd
Jurvey have revealed that oriotobalite 10 presest In some o “he bentonilee

Delrital grelne vary weotly in rosndness end ponsiet of quaris,
foldepar, ond blotlite ﬂmm.unu...'.m af the zore stable
ainaraioe 'ong rounded sraine of hemalite werc absorved im onc bentondte
bode Myt thic materinal {9 nol somon in e bDentonitoe Oetritel minorals
ars not abandent In most of i 1.1t colored hih swelling bentomite
donoedtey it In sooe of the beds having low solloidal properiiesy dotrital
mpteriala make up w00t 0 the non oloy minevsles Jesmise of sualo ard eilt
Lasaritlos, detritel minerals ave most eiunient in the uprer der: slored
portions o° bantondte beds whore they are sauslly sssoctstel with sou

R 1



orgonis saterialse

lglenite 12 Lhe woe' comman shouioal preciitate In (ne ben onlte,
Bt othor types of scluble salte are doubiless present in most bentonlies
iron onide and carionate malerialo are somsen in jolnt deposites e
selenite escars a0 auall “ibrous eryeials alon: jointe end Both avall ond
large ohedral oryotals Uwou hou' the olaye DJense (1996, pe Tel) sonaliuded
from Pileld and slorossopie ovidense ‘hat aclenlio in bontonite beds near
Casper, yomingg was o (inal produst of e mesis and Torned loter then
bentonites o observed thal lerger orysials were present o' or noar the
@i ‘ace and Wal the salenite hes bemn suaeiat sienged by weatherin e
Moro e bentondte 4o mined in the Torthern Dlack Mlls dlstrict, lerge
mt&l"o{‘ solocite oan Do olservel al distances ac jFeatl as 0 yards
froa ‘he pearcst natural oalereps Mies inlicates thet he large oryniale
al the surfece of the bad aro not residual dwmmm&u
ol loal of weatharing would be 10 inerease the sime of he aryetales
Solendte depooiied in lolnts in the hnfpaho clesrly inileate Lhat swme of
‘he erystals wore deposited after the f‘ormation of the bentonite, Uryotale
alon; jolnts sloo su et thal selenite was introdiced Y round waler
aotlon rather Lhmm faﬁuudﬂmam

IDSNTICICATION OF 298 OLAY MINSIALD

There are soveral methads of Ldentifyin: eley sinaralss Morsal
enslysis 48 one of tho nest praeticsl md ropll mothoads end 1s there®sre
employed in thie Laves'isstlone 'he spparatus used 1o siodler to thet
desorived 'y wiam end Tovlend (1004 pe €3e53)s In order to obtain
reproticoadls results, care was tan to genlor the themocouploe end o
suintaln sonstent heatin: rates of apyrorizately 10090 in 10 mimitess Al
‘Beples wers alloved to reach mum_‘gex_wg» sonditions in e



stmosphope of 4§ pereent roletive midlly beforc analyses were onde,

The thermal teo'migue 18 partictlarly waluadble in the a'udy o
sentoniten boomise it provides s nessure of the ‘oroes whish Mold water
on the basal plaine of the unit o-118 and o menne »° Ldentifyin: comnon
types af exehan eale ealtione, lLoss of water wi'h heatin: is ssconvenid
by sboorpiion of ener y snd posulis 4in sn endotherale resclion and the
mare 4 -htly sound water requires Wi her Lmperatare Lo csune Lhls reastion,
it 1o m fron the works of lendricks, Nelson, snd Alewsnier (104,
pe L Tal544) thet oalelus and sodfum bentonites yisld 41¢leront thersal
survess At the molstar: coantent at whileh the saspies wore analyesed, the
loss of interplaner water resilte in & sinsle sherp peak “or sodium bentonite
and a doudle pesc ‘or Lhe calelium materiale In 2ire sadfum bentonite thie
reac’.lon b‘glu at a8 out 90'. resches ites sarimm noar 1°0%, and 12 eone
ploted at ambout 18070, Me firet peak in the caloluwm bemtonite is ooumsonly
broader and oscurs st eli fitly hi "er temperetures L inn in sodium bentonite.
A9 a rile the sceond resobtion in celclum hentomite s mioch weaker than he
firste Ihis resetion vezine between 170% sand 200% and 10 usially cowpleted
bafors e temperstuare of 20°0 is reasheds 1L s senerelly acospled thnt
e u_,onu pesk 1s a consequence of hgpiration of salelun lons, fodius
cither doos not Lydrate or 108 & mugh wedker atbraciion "or watory honoe,
there 1a only a single peak at & lover Lenperatiuros

thnnl surves of hydrcisen Yertonile are charmsterized by two neerly
ogslvalent ecdotherule raclions at lov teaprratures as show Yy M‘
{1990, pe 728)s e exotherale reastion botwern 9970 and 1000° slso tends
to e much slron: ofe  he tuo low penke somir hetween tLewp-Potures of 1%0°
and 180%, ant the remotion smised by 242 lows of interlesiner water %o
ordinarily eomploted wien Lemsopeturcs of 21070 are rescheds Jirin: the
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Al

anslyeis

and

Fliure 6eweThoranl

surves of an essentially pure sodium bentonite

synthetis mixtures of s lonites

#e  fure sodium bentonite

bs 1 peromnt selenite in sodlum bentonite

es 5 poreent selenite in sediun denmtonite

ds 10 porcent sclenite in sodius bentonite

P —r




pregent investijation o correlntion wes mted Hetween Lior ol carves ond
pl detersinn’ionae A1l sanpiens havin: two neerly ogual lov  emperelre
peakta have acld p's whioh urther sustantintes the presence o 1 o

Gmall sacunts of selenite, Cald, ¢ 2,0 sive ondotharale reastione at
tameratires botween 10° and m‘C. heae reas’ions are cmiced W ‘he
lose of woter ‘ron Use hpdrous seloniie eand may possiitly he confused with
reactiions esaed Ly losa of waler from hydreted erciancesble fonee o
frnish a neans of mo,mldm the roactian resultin: "rom var;in- saom'e
o ulcu;lw. theraal nlyut wer: made of & mipae 2 adoron n-wm of
csoentinily pure sedlum buntonitc and eynthetis mirtares of that sloy with
Iy Jp ond 10 percent selanite {Fige €le ™is sults of curves aloo srovides
® mosns o opllsetlng the ssoun' of celemite im the bentonites Thermal
ronctions in ‘he . aynthetio mixtures may net corres-ond aras'ly ‘e ejual
srovor tiona o oatapal mixlaress ievertnel se ‘hornel sirver o netural
miviares in which “he amount of scleniie san o o5 isated mierosnopiosily
ave rencilions hal are of e sone order of wamitinie ap the egquivelent
oyniaetia alxlures

In .oneral, texturse that are developed =n ‘he weethered curfeces o
Sontonite teds are roletad to ihe swollin eapecitles of the claye S irfaces
o Bl h swellin: or “Nyoning ‘ype” bentanite hods are shareoterised 'y e
popanrn ‘entare ("ge Te e surfage of this bentonite swells meny *iwen
112 valum: ond mecomes o slipvery thisotrepic mass Mg rainy seriode,

- Larso oracks devclop as the metorisl drfess Ath contimed dryin: end
ahrinitoge, sualler ormcke Jiverse “rom the lorger onese In the final ste-es

e surisoe 1o & rudble of “roo mts resesiling poppsd corme o sopoorn



sirfese textwure osn he dovelope! 'y altermetoly wetiin: and dryin: the
ntonite in the ladoratorye 1o o rale individual "Passentis are more ar

1o angzulear efter the “irat ame or two gyoles of welting and drying mt

vith additional aycles, partisles eome roundel and more slosesly ress:ble
popcorne fartisles whioh mrzglar wien dry hcm rounied and frresiler v
oilline as they swell in the presence of water, [Uresunadly ther: 4o a
tendency Tor the trensler of very mall @!q particies avay ‘rou corners

od od res darin: swelling and in this senner anpuler particlses leoome
rounded,

Me ourface of low swelling clay camenly consists of rounded odsed
poly same ressndling allicetor hide ("lye 15), # tern used by Nerr and Malp
(1999, pe 1) in deseridin: the surface of & dontonite bed in Naw Meviocoe
Jocanse o 1%s low awellins seapaciiy, ‘he shrinkare with drring is oanly
Feal ensuh o re polysomal arecike, Mo reaniel edge of the pelycen
is prodeily ‘ormed in the sane sanner as the edsc of he popoorn partisless
Some low swellin: demtonlle materials have a jrenuler lexture slisiler ‘o
sormmeals "his tertur: is sost comuon an inch of two Lelow ‘he surfmce and
12 onpreased in a a0 paffy soile ™ile toxturs 18 particierly charsctets
istio of tmpure bontonite l‘aa and oslolum type bontonite hedo, ™he
sinifloance of inds texture is not unlers.ceds ‘lovever, meot calelum
saturatel solle are lnown 1o be granulery end 4t 1o likely that ‘he gramaler
toxturc of bentinite 19 n conseqiense of the Ype of exchansceble satiens

Wnl aro presente
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"Lnre Tew lopsorn texturs on the surfuce of the Tlay Spur bentonite bad.
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am A

Jentonite bod A gomirs in the Howvoastles sand-lome ‘opmstion and is
sommonly oslled the Kewemsile bentonite bede ‘ed A hae alesn been preferred
to by desthuen (1999, pe 590) ns the bentonite bed st the base of the Mowry
salee Yithin the distriot oatarops of bed 3 are restrictel to Ureck Cowdy,
tyoning, where exposures ¢f the bdad appear interaittenily ever a distance of
50 siles, extending frew the northern part of Ty 54 Ny, R 62 ¥, to the
northenst oormer of Ty 56 Ney Ny 66 ¥y 2od A wedges cul complotely dameath
.m.m.mmwmwmumu
is not present in exposures of the Heuwssstlo sanistone in the western part
o7 the next lownehip to the sasts e Nowoastle “oramtlon iteelf welges eut
less them nine milee ssuthamst of the eastersmost esposures o tia hontond tes
Jentinite Lo known to be present in the Howsnstle sanistone beyond the weste
nmu.ruawq-;i.asu..n.uu..umorm
exposures, otratldrap de uncortainties, and unfeveradle minin: sonditions,
mmﬁ«unmmmwmsms.
 Bel A 0 & {econtinusan stratus that As ot pressnt in suae satereps
of the Newomstle sandsioms, bal over most of 4ts aresl extent the bed 1s
sharagtorised by thicimesses of three % ‘ive feot and ol ht feotl of boniene
f%e is present in meny exposures ef the bels At ene looality in sec. Oy
T 96 Yoy "o 62 Vay Crook Osunty, Yyouing bentonite bed A is 30 feet thlake
It fo wnldikely thet the 30 foot thildiness Lo wery porsistant bocsuse neerby
esposures rovesl loss then five et of bamtanites The lentliculay nature
of the candstone beds sessciated with his very thick portion o bed A
Sugoeat thet the deponit resultis fron coreentretion of veleanis ash in e
tumnel ‘oroed by elther etreax or tidal curvents,



Micimesses and Iithola-y o7 the Reawesstle strate vary owmsidersbly
within the distriot, and the reletions of bad A o the top and the base
of the forsation are not uniiorme In seoe Ty Ve 50 Mgy e G2 Uey bed &
i5 lese than six foet above ine conlact Delueen the lewomstle sandstons
wd e underiying Shull Oresk eiwmle, but lese than four wiles northwost
of thal plece, abouti 30 Tesbl of puwoesile sirata are present belov the
bentondte bede Farther westy slony the Litile Mlssourl Mdver, the Newcastle
sandetone 12 more unifoms, end bod A orops outl nenr ihe midile of the
‘oventions In most expomires, a ded of platy iopure sonl or carbanscesus
shale s present below 'he bentonite ded and soall ‘Pagroents of chavesal
are comson in the lover part of Ve bantonites ™e oosly stralas s une
usaally hard and westhors o @ imall byt prominant ledge (Mge 5)s ‘here
the carbemmosous stratun 18 aboemty Clnsegrsined sondslone and silialome are
present Lamedietely below the dentorite ded, snd the uppormost one to Tive
inehes of these ardnasecsur bads are looally wery herd and siliseous, 't
in mest pleces 'hie send {0 alwost as Jrisdle ss sardotens in other parts
of the formalions Mo contact betwsen the wentomite and the unierlying
rosie 18 very distinote e floor of bl A fs sucriefently intursted to
saprort heavy minin; equipment and te parsit 'he minlag of ewa the lower
prrt of ihe bentonite wiihou! uniue contaminetion of unlesirable materialse

In most outereps bed A I8 overlain by {rledle ssndetone and silistone,
mt In e few placea crey, softy e#iliy s ale s present mbove the bentonite,
ond sl other localitien a thin stratus of fmpure conl everlise the dede
e gonlest botuesn e wentonite snd the waporjscent materiels Lo olther
wory 4isiinod or convists of a pradstional some one to slx inches thiele
e Hewesstle beds sdove bed A renge ln thiskmess from 20 to 30 feed snd
conaiet af swddatons and siltotone with sabordinete smounts of shalee



\J1
N

Lpwre Jeemiontonite bed 1 and enclosin: rocke in W 1/5 sess 11y Te 57 N,
o &) Way Crook Countly, ‘yeminge

Plgure Dee Outorops of bded A and subjacen’ ceal stratum in 6 1/% eees 11,

Ts 97 Fey Ra ) ¥y Crook Ceunty, Vycuinge
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These strate makin: up '2e overbarden ean easily be resoved iy homvy mining
sqguipment but sre st4ll more resistant Yiam the dasal black ehale o the
overlying Mowry formstions The resistance of these Newenatle strate (s
ealTielent Lo fora small ridges and looml 44 slepes aapping the s>entonite
bod and is largely responsible for the large smount of bdad A berdonite
undor 15Mt overurden, ™e most Tsvorable mining localitice are situsted
¥iere bed A L8 capped by gentle dippin: Hevoastle strata in the nopthwest
part of Te 36 Hyy Ry 62 Wey and the southeast part of Ty 57 Mgy Ry 66 ¥y
and in the cembral portions of the broad low Horth Fork santioline in the
wostorn part of Iy 57 Ny N 65 ¥ey Cresk County, Fyouinge

Moet outorops of bed A are oharsoterised by aoleratoly developed
popanrn sarfaces, it pearts of the weathered sarfaces of this ded have an
allismtor hide M:‘ Uryatels o sslonite and “rogments of lhrous
selalte are comeon on seme eutereps of bed As e coler of the bentenite
ranges Trom olivee reon to brownishersrey with intormediate shedes of
sreenishe ray and browmlshegraye Commonly the 11 4t eslered hentonite
oxtends Lo the top of the bed snd wvaristions in sisde thst arc present are
ordfnarily lenticalar in outlines In places the saterial al lagent to
jolnts or eracks in the bemlonite L# much dorker than he reet of the beds
™ie dark naterisl appesrs to have deen slained by saall ssomiz of ergmmie
matiere Under consideradle overbdurden lUie bentonile 1# Dlulshesray, a color
Laat m‘M near the aurface o Lioter shsles (see further dlssuseion of
near surfsce discolorstion of the bentsndte under the Ulay Spur bedle
feomuee of the porous natare of ‘e super seerd sanisione the oridized
or diseolored portions of bed A extend to sreater depths acl are net se

sloarly relatsd Lo the topesraphie soniiurstion of the land surfase as
in other bads whers the ssterisl sbtove ihe bentonite o composed of



sonparativ.oly Laperviors shalee

™ie non elay saterials of ded A range fres 10 to about 30 pereent of
the bentoniteos ™Me finer sized particies sonsist o very smouler guaris
and “eldepar and mimer asounts of Llolite, seimite, and iron oxlies,
racez o wvoleanie slazs and meny osiher sscessory ainerale ar: alse
pressnt, Oril mede up as mach as 17 perceni of the sanples tested, and
it is probable that im some parts of the bed the preportlen of grit ie
even wmuch hishers Approximately 50 peresnt of the rit ic composed of
slear suban ulsr gueris. vurud.d.nﬂ”hmnorw
messes of limonite, both rounded end euhedral blotite flakes, selenite,
acd traces of suscovite, mrnet, aphens, macneiile, slass sharde and seall
roanded graing of very Mine—ralned sohint, DJetlrital guarta in large
soounto conlorms wiih evidence presented Tor 'he near shors deposition
of the dentonites Fresumably the rounded bMotite flabes are also detrital
bt e euhedral Makes were probably a pert of the voleanis nshe The
most likely source of schistese srelns is in the semilral pree=Caandrian
sore of the Jlack Mlla, end thelr presence in the bentonile may support
the thaory that preesimabrian rooks wers expssed in the central lack Wlis
during Yowonslle tinee

™horasl analyses of u ssaple of bed A bentonite fyom one losslity
{"ige 10, carve o} revenled that sedium L& the chle’ oxshengeadle lon
hsuMmmummmmmmuum
s second losality ("ilse 10, curve d) i chersoterimed by muoh oalelum
bound watere ‘huse resulls cenTorm with the Len exohmnge deta (Table &,
sanples 1. and 2 and commerelal tWwat®el the slayes Sose of the olay “rom
bed & (semplos showing interlsyer weter shiefly influeneced by sadium) has
vory hidh awellin: capeciiles and exesllent 4rilling swd proporiles, bdut



Lure 104 U4 forential theraal anslysis curwer o samples fram bentonite
wede A, 3 and Clay Spur.

e Jod brownlshesrey bentonite 2 Teet thick, sece 8, Te 3B Hey
e Yoy Urook Ununty, Yyesin e

be Sed Ay Light colored bentonite J foot 9 inohes thilesk, sece 3,
r.”’..ﬂ.‘"umcw syominge

es Oed A, M mt colored bentonite 4 fset O inehes thiok, sess &,
Te 36 Nag Ny 62 Wey Uronk County, “youinge

de Sed A, 11:Mt colored bentonite 5 feet 2 inches thielk, sees Oy
Te 6 May Ne 62 Wey Cpook County, Yyesdnge

es Sod 3, 1Mt colored bemtonite 8 inches thick, sec. 34, 7, 58 N,
Ry 63 wey Crook County, Wyeminge
fo Sed 3, blulshegray bentonite 1 foot 7 inowes thiek, sess O

Te 57 Heg Ry 61 ¥4y Crook Countyy ¥yominge

oy Upar bed, 1ight eslored bemtanite 1 faot 9 inches thlal,
se0e B3y Te 9 Gay Mo 98 Ly Carter County, Montanme

he Clay Jpur bed, it solered bentenite 1 faeot & inches thisk,
800, 3hy 76 90 Ney Mo ) Wy, Ureok Uounty, Wymuinge

fe © bed, dark colorsd bentonite 11 fmches thiek,
17'.5 Bay %o 65 We, Croek Comnty, Wyemings _—

Jo Olay Spir bed, 1Lt oolored bDemtondite 3 fect 1 inmch thlaky
sabineent satorial analyves in ocurve 1.
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mich of the material frow thls bed (sasple’in waleh interlayer weter is
influonced %y cnlofus) swelle «ery litile and ¢ unsultadble for use in
driliin: mads, Thermel curves of twe lower livit colored and upper dark
stratus in bed A st & iird loeality (Flge 10, curves a ani b) indicate
that the water in both paris of the bed is influenced by ealofune In the
susgle fron the uprer dark bentonite)and emdotiernie peak st about 3A0°
sugrests the presemce of same 1llites
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aMuulmumTMMNMMc”u”
fest below the Clay Spar bed, wuumwunammmm
uhmmumtu‘mhmuwtmum-«m
Yosry stretas OSiliosous shale enclosing the bed stande 1o ateep cul banks
and ouesta faces and bed 3 16 rarely present under 1li At overburden,
Secouse of exesasive cover and unfevorable thleiness, bed 3 ganmnot be
sonsidered as 8 poscible source of domtomites ™e bad is of interest
beonuse L% was deposited in an enviromsent very sluiier to that af the Qlay
Gpur bed and tne fmetors in‘luenein: the post depositienal slteration, other
then tiose resulting lrom 4ifTerenses in coupasitlon of the eriginal ashy
must have been slsost identieal for the two dedss led 0 wee doposited on
£ susoth ses ‘leor below guist serioe water as indiosted by the mifors
hlokness and persiotonce of the bed and the presence of aarine fossils
in the enclosing sheles ™o bentonite bed is charactorised by o sharp
busal conteat bt gredes upwerd into superjagent shele threush a thin
sone of interlemineted shmle and bentonites T™he floor of the bed consiste
of a sove of chertlike saterial thet 48 approximately one inch thicke
Tae ohertilke material fs distinatly harder than the subincent siliewous



shale.

As & rule outerops of bed 3 are lizht yellowish gray and are
charasterized by powdery or allisator hide textures. Undiscolorel shsdes
of bdlulshegray bdentonite comsonly persist to within a few inches of the
surface of ihis beds 'This persistence of the undiscolered clay near the
surface seens to be more then a function of the heavy overburden and
probadly indlcetes that the irem and the clay are more intimetely assooiated
end, therofare, the iron ocanmot be as easily oxidised as in otner bentonite
bedss Terzal curves (Mge 10, curves e and ) and Lon exohenge data
{7able 4) of semples of this bed from two loocalitles show that the
proportion of erchangeabdle sodium in the clay in very low and that ealeium
and hydrogen are the dominent exghanpeable sationss TPresence of a large
proportion of hydrogen in a sample of bed 3 bentonite from one loeality
is indicated by the pi of 3.4 end the dual sharscter of the low tempsreture
pesk in the thormal curves The two endotherauloc reactions goour at the
sane temperstures es the twe pesits shown for hydrogen saturated montmorilloe
nite by Sarshed (1950, pe 228)s T™is sample of sold alay wes obtained by
channel sampling near the surface of the bed and it is likely that calofum
was replaced by hydrezen during weathering.

ihe bentonite in bed B has very lew swelling capacity, and it has
essentially no value for use in drilling smdess As with most eslelum
bentonites, the feurdry bond properties of the clay inm bed 3 is charsstere
ized by very high green strength and low dry strengthe

LAY SPUR DED

The name Clay Spur was introduced hy Fubey {1930, pe 4) for outarops
of the bentonite bed in the western Black Hills. Since 1950 this bed hes
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been referred to as Type I bentonite (¥Wing, 1940, pe 12, 20) end the Upper
Mowry bed (Noore, 1940, pe 27)e¢ Thisz sane bentonite stratum is also termed
the Uommercial bed by producers of bentonite. The Cley Spar is by far the
most important bentonite bed in the northern Black Hillss It has been the
source of more than 95 percent of all bentonite shipped from the distrioet,
and still containe the largest known reserves of commercial grade bhentonitee

The Olay Spur bed 1s commonly regarded as occurring at the iop of the
silicecus Mowry shale, and locally the top of the bentonite does mark the
upper lizit of thal formations In wmany plases, partisulsrly where the Clay
Spur bed is thick, a sone sbove the bentonite, ranzing in thickness from
gix feel %0 a knife edge, sontains siliceous shale lasineaes The lithology
of this siliceous mone olearly indicates that it i closely related to the
Howry shinle andy therefore; it is considered to be the uppermost part of
that formations

Rooks comprising the overburden above the Clay Spur bed conasist chiefly
of the manganiferouas siderite soncretion vone of the lower member of the
3elle Fourche shales This conereiionery zone is distinetly more resistant
than the overlying portions of ihe Belle ourche formation. As a consegquence
of this difference in resistance, the goneretlion zone serves as a eap roek
above the Clay “pur bentonite beds The esp rock, in turn, osuses the
bentonite to lie under light overdurden in rather brosd belts where upper
Howry and lower Belle Fourche strata are exposeds HNumersus elongate spurs,
small outliers; and inliers are “ormeld where the bed and its protecting
strata are cut by looal drainape patternse

Quterops of the bentonits commonly appear as conapiouous lisht colored
bands that oan be seen for several miles, ¥eathered surfaces of the lower
lizht ecolored part of the Clay Spur bed are characterised by s well
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developed popoorn texture except in portions of the bed deficient in
colloidal properties or partially covered by sells Dry surfages of the bed
are nearly white in coler bhut when wet they become mich darker and appear
to have grecn or yellow shades, Surfaece Lerxtures of the dark portions of
the bed commonly resemble alligator hide or are covered by sofi soll,.
Holsture contenta of the light colored clay in the netural state usaally
ranze from about 19 to 40 persent with an averagze of about 30 percent.

In places particulsrly accessible to the movamenl of ground water, moisture
contents may be as hish as seversl hundred pereent, ¥hen the molsture
content is less than about %0 percent, the clay tends to part with a
subgonchoidal fracture but as the molsture content increnses, the clay
becomes very plastic end finmally a thizotropic gels As the molsture
sontent 1o reduced below abeut 20 pereent, the concholdal fracture i
repleced by a hackley parting snd the bemtonite decomes almost se hard e
the Magernails

Charactorisiios of both the bentonite and enclosing strate vary with
the thickness of the bentonite bed, Variations in these chersoteristics
¢an best be understood by first exemining the two extremes of conditions
that are presents In pleces the Olay Spur bed is only two inches thick
(P1zs 12), but no localily was found where bentenite was completely missing
at the stratigraphic position of the beds he thin bentonite 1s charactere
ized by very lightegray colers and usually much iron staining is present.
he bentonite grades into the superjecent shale through a zene of bentonitie
shale one to two inches thicke CUontaect betweem the bentonite snd subjsoent
material is not mo gharpg as is sharacteristic of those portions of the bed
thet are sufficiently thick to be mineds The Jower part of the thinm
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bentonite comaonly consists of a sone of dark bentonitic shale oneshalf
to one inch thick, No chertlike floor is present bemeath thin portions
of iho beds Gubjmoent material, though composed of siliceous shale, is
mich softer than similer material under thicker portions of the bentonite
bed e

In many places the Clay Spur bentonlite bed is four feet thisk and in
s fow looalit;u ns much as soven feel of bentonite are presents ihere
the bentonite $s5 thieck (Fige 14) iwc is a prominently developed ohertlike
floor beneath the bed and its contact with the bentonlte e very sharpe
The cherty floor ranges from two to about elsht inches in thickness and
its lower limiis are as a rule pocrly defined, marked only by a gredusl
downward deorease in hardnesss In a few places the Howry siliceous shale
below the chertlike floor is harder ad jseent &0 vertical joints suzgesting
that the erizin of the cherty mmm\u related to downward moveaent oF
ground watere The bentonite is readily divisibdle into a lower light
csolored stratum and en upper dark solored layers The light bentonite
ronges in thickness from 2 1/2 o 4 feet end is characterized by waxy
textures and pronounced colorebanding exhibiting shades of yellow, olive
green, greenish grey, and light greaye The lowermost ome=lcurth to onoehialf
inch of the bentonite inwvariably has & cornmeal texture and sn ebundence
of large selenite ;rains me well a® suall blotite flakems The light
bentonite grades into the superjpcent derk bentonite through a zone of
inereasin; dark laninmnes T™e dark dentonite strata range from one to
oneenall fect thick and are composed chilefly of darkegray bentonite but
1izht colored laxdnse sre always present in the lower pert, and in pleces
they extend nearly to the tope Siliceous shale lsainae appear in the upper
part of the derk bentonite which in turn zrades wpward inte a prominent
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sone of silicecus shele interleninnted with derk demionite an! dark shales
ihe sone of silicecus leminee is usually four to eix feat talck, and
interlasinaied shale 19 more atundant in the upper part ss the zone srades
WMMu

Uharasterietics of the thick portions of the bed are reploced laterally
by those of the thin parts of the beds ihe chertlike floor bemecath the
benlonite becones less promincnt as the thiskmess of the bed deereases and
mmumdum»umunwuummuum
thicke Thickness of Yeth the 11ght and derk selored portions of the Cley
muMumnmum.mwm.:u
bod amé the dark colered material sppowre to mrade into a thin bentonitic
shale gone in thin portions of the bede ™Mo sone of silicesus shale
lmainse abov. the bdentonite also decreases lalersily end ie rerely present
where the bentonite 1s leas then one foo? thieks he extent of both the
thisk and thin portione of the bed ia vary irremlarg therefore the gredation
from one extrese to the otser s also not uniforme In plases intsrmediate
thicknesses of the Ulay Spar bed extend for at lesst a mile, but in othesr
localities thicinesses of more ‘hem three fest desresse laterally to three
inohen within %0 or 30 yardse

Total thickness of the Clay Spur bed and the superjesent gane of
eiliceous leminee renges from adout thres inchee to nearly 12 feets ‘here
the bentonits is wmseunlly thick, the super jacent mene of siliocesus leminee
19 also ‘hisck) where the bentonite ie moderately thiek, the silicecus some
is only moderatcly thicky whers the dentonite fs excepiionally thim, the
siliceous sone is missings ™is relation of etrate (Mige 11) indicates
that the deposiilon of voleanic ash frem which the hentonita formed desen



on on unduleting ses "loors Mo sam Mloor had o Joeal relle o st least
12 feste Hither the secumaletion of the ash tended to de restrlcie’
the lowe of the unewen surfmce of most of ‘e materfel lald down on he
hi e wae sose shifted to the lowe iy e levellns sstion of gentle currents.
A pelief’ of about six feot mistl o411 haws won present aller the depoaitien
of mast e tUse ash beomuse ‘o Bons of silicesa lesinse above the bentonile
Gppearg Lo be eniirely rest-isted to the lowse ™he sharp dasal conteet -7
the Clay Spur Sad thet is pressnt in Unicker portlams of the ded Uwougheut
the dlatriet indlontes tint deposition of ash mae heve be-un siwiltewessly
over & wile aress ‘Mo presence of thim bemtoniile shmle sones bemeath
tilaner parts of the ded suzwets elther a sixlure of ash with subiscent
m.ﬁhnﬂudmnm.utwnuorm
of asy on the highe wes al firet very slew in Pespest to wat of the morual
dori seilacntae Thore osn be N9 resson for sssasing thal the rale o
deposition of normal derk sedinente was grostly decresscd Lurin: “he
coomsaiation of the ashy thersforsy the ash froem wileh the 117t bentenite
has boen Torwed nual have mccmsilstod al e very rapdd rete to hawve awdlded
disesloretion by the deri wineral particles snd he smell ansunt of organie
satier assoolated with (e norusl sedlventes Upeard gredeilon of MMt
bentonite nto derk solored dentonite A evidence et the vets of
secusilation o2 Vie ash grefunily elowed and wes fiselly esrpassed by ‘het
of the noraal dark seilmentos
Frhdn el e mdudakin. suriaes deloy e Jhay Jeur bel

The undulating surfece below the Clay Spar bed extends with mere or
1088 unicore Pelief thresfoat both the morthern snd western Teck “i1le
aven, end slaller surfaece is prosent under the Ulmy Spar ded alomg the
saat Tlonk 0f the ; Sorn Hountalnse Obvisusly the eurfuce res:ited from
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Figure 11, Diagrammatic representation of relation of thickness of
Clay Spur bentonite bed to enclosing strata,
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vory unifomm condltlions over an exiresely vwide area, Mis surface does
not regresent sn erosional unconforaltye ™e rescons are as “ullowel
(1} Streta delow the bentonite heve mol been truncate! by ervesion, (2)
Ghellow water or coniinental deposites are nol present elther sbove or belew
“ile surfaooe (3) Nagiitede of relief is :meoh too uni’orm througheut a
vory lerge area for the undulating surface io represcot an erosiomal
unoon Corml tye

Froof that the unduleting surfece was not Cormed by wewes is Murnished
by the followingt (1) Adeence of arossebediing in the silicesus shale
beloe the Clay Spar beds (2) Apparent lsck of orientation of both the
highe snd lowse (3) Sharp contest tetsesn the bontonite and tne subjecent
shale 00.1d not have been preserved L depositlon hed taken plase whare
waves wors actives (4) The Pwot that the mone of sillsecus lsninse above
uumiuuummtomw-mmmmmutmm
remsined stationary mach lenger them sould be possidle in the prosense of
agtive wavess “hers Uhe sone of sillicecus leuines s elx feel thiak the
lows must have resained In plaees for at leset 10,000 yesrs 17 "ubey's
soaputation (15350, pe '0) of 042 milliuater for the average thicknmes of
e ennuel palre of lasinations in the Jlask Hille een de nesused Lo be
applicables Neomsse depocition of siliceous lemines was restristed te the
lows, the rate of acmmmlation mey have bhosn nearly iwioce a Maet as
sontinicus strates Some bentonlis which predubly scmmulated very repidly
is present in the sone of silicecus lsminee; 'herefore, 1t 1o likely thet
2,000 ta 5,000 years would be more nearly correst for the iime of
scowsulation of this sones

Piiferentiel coupse'ion of underiying sheles mi At have saused ihe
formation of en undaleting surfece in pari of the arems This posaibility
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seems nost logioal where the ‘ormation delov the Mowry shale, the Newsesile
sandetone, contalns wumerous lenses of shale and sandalones ‘lowever e
surfage formed Sy {17 7erential compoetien could pot bde expeated to have
sach a uniforn relief, snd it ia stretching lmssdnation too far ‘o postalate
that this phononens was responsible far the forsmilon of the undalating
surfage over such & vile ereas

Fresent state of imoviedge in the ield of oceanozraphy does not
rale ol the poseibility that sn undulsting surfnce of deposition exlsts
today where Minewsreined ssdisents are beln- deposited in merine vater by
ar in the presence of vory sentile surents, Glant rircles have hHeen
m-wkaa(lﬁnM)ummMof&mm
de deserides the ripples ms being vamely alimed and as much es 500 to 730
foel aerosse Those ripples cccur on shallev banke which are swept by the
mrrents of he Wil Breame Vory large irremlerly aliconed ripple-asris
in shallow water sendy sediumente have aleo besn describded uy Heemtssehel
(1938, pe 1e8)e Thene sosurrenses of large ripple-caris in sandy selisent
mske it seem even more leoslesl that rippleemaris form wher: “ineesralned
sateriels accumzlate in the pressnge of weak carrentss Such ceniitlions
would wost likely have been present in the modsrately deep Cretsevons
spleantinental ceas

If the undulatin: surfaoce does represont large ripplescnris, the
evidense prasented for the stationary natuve of ithe relief lestures
indiontes that the ripples efither aid not misvete or sovel et en exevedingly
slow rates “nifors depesition on sach ripplowanrie vould result in relling
beddings "olling otrata on 8 much sualler seale have beon olwerved by
Heliwe (1058, pe 77«83) in the Colorade River flood depesite and by
Andersen (1951, pe 21=31) An glecial deposites In both ocourrences, the
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bedding 4s¢ thought Lo have origzinated from deposition on statlonary ripolee
marikse The theory thet undulaling eurface below the Clay Spur benlonite bed
represents rolling bedding is supported by the facl that e straligrephic
interval between the floor of that bentonite bed and a thin bentonlie zene
approximately 2 1/2 feet lower in the lowry shale maintaine nearly constent
thicknesses throsghout mach of Te 57 Hey Re 61 Wep and Ty 36 Nay Re 61 ¥ey
Crook County, Vyominge T™his bed is esseniially the same thicinees in
outereps of both the highe and the lowse

If 4% is true that the unduleting surface iz an oxpression of relling
bedding, then the restriction of ash and the mone of siliceous leminme to
the lovs must be oxplsineds Formation of stetionar; ripples would require
a delicate balence between the supply of finewsrained cediments and the
tronsportin: power of gentile mu. Posaibly repld influx of lurge
tmounte of voleanic ash destroyed the equilidrium conditions which formed
the stationary ripplesasrkss A less likely possibility is thet depth of
‘he sen was changing about this time and (17ferent surrents were introduced.
A ehange in conditions of sedimentation is suggested by dirferences in
lithologles wsiween the siliceous dowry shale and soft dark shale of the
overlying Jelle Fourehe unmits Appsreat 1o~ af orientetion of highs and
lows could be a consequence of irregular outereps and discontimuitles o*
exposures, and those features nay sctuslly have soue varue erientations
In ocuterops, distasces from lowe to hishe may be only & few yards in one
dirsction snd several hundired yerds in the epposite direotion. This mey be
hm\cwammmwﬂ»lm. Persistence of
thick portions of the dmtonite bed over s Jistance of o mile may de the
result of orientation of the outerop with a treugh of a large ripple.



Me varveelike 1L nt and dark denilonlte lasinse in the upper port of
the Olay Spur bed (Mige 17) renge from tissue thin layers o sere Lhen
oneelourth inch in thiscknesss ‘Peguenily even the thimmest layers ean be
traced Tor several yarde within the limits of fresh exposures in strip
mines, hit often groups of laninse extend enly & fev inches and some groups
appear L4 be truncated W younger leyerse As & rule the thimner lasines
ero distinetly separate unitsy li-ht and derk leayers tend to b sbout
equal in thickness, snd thore 1a me graistion from one coler 1o the others
Seme thioker layers erve characterised by o wixing of the 14Nt and dark
colors and a blurring of lhe oundaries detwesn lemince. ‘ose Senes as
mich ae oneshal! Inoh thick, enclesed in unifoms and continuous lamimate
Bones, sppear Lo be aligtly distorted or are olamest free of layerinie
Gmall irregilar masses of the 1l 1t bentonite are sometiimes enclosed inm
the dark saterial bt frageents of the dark oley are rarcly found in the
it olaye ‘hese tiny blooke of Liht materisl are mest sosson ln the
thloker poorly stwrstiried dark leyerss Uptisel exeninations of thin sectiens
hiave revesled that the derk eolers result ehlefly from small smounts of
orgenie matber dispersel Lurouh the cleys Hest of ihe organie msterisl
is present 1n the form of Wetehy costinge on the mon elay minoval raine
Wt there are emall irregalar sasses of orpenic sntter twaughout the olaye
Moot of these erganis particles sre eloncate parellel Lo the leminationss
The dark dentonlite alze esntalinge an average of 35 to 37 peroent non oley
naterisls, vhereas the Light lominee like ©we ihi k Light cslored portdon
of the Tley Spar bed eontalne only sbeut 15 pereent non olay malerials,
e non clay materisle sre couponed chiefly of fineeralned sanpular quarts
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and feldapar, Wt soue subspoumded grains are alse presents Yoot o the non
cloy grains are oo sguldimensional o have marited arientation; wi the ewall
snoint of Motite and other slongate mimerals tiet are present ar: rouhly
orionted perallel to the lesinees

- The presence o/ ‘hin persistent leuinse prove conclusively thst iheee
sediments sccumalsted in very qulet waters e dark bentonite layers show
comtemina:fon by the type of nem cley minerals and erganioc materisls that
are found in the ghale abowe the bentenite bed, hut the 11/t bentenite
lesinae are cospose! of relstively pure montsorillomite ani sre closely
allied to the thick Mgt colored bentorite present in the lower portiens
of the Ulay Spur beds Mixing of solews in lmsinse, runcetion of sewe
oroups of laninas, slisht distertion of some lapers enclosed Wy undistorted
sonesy and inclusion of seme swall Mlosks of 1i:ht sley in derk cen best be
etylained by very saall sea floor wmud ‘lowse Such flows mist heve taen
place on extrasely sentle slopes snd in plages only very thim layers of
sodinents were displeoed,

Micker dark solorel ssmes moot coomonly resi with aharp sontaat om
sabjmsent Lt olay 't upper limite of the dark sley are mosl commsaly
indistinote Tia pelationship lozether wiih the presence of mall 1141
aolored blocks within the dovi slay mazseste that the dark seterisl was
depoaited in the form of an exceedingly plestls alay or as pariially
soapacted masses of lososiated olay partieless ‘he ancestrsl meterlel
of the 11:A% slay teniel to form more soherent layers walch were more
1ikely composed of more ar less unallered veloanie soh,
© Obvisusly this interleminated 1Mt and dork saterial represents a
type of oyelle sedimentation that canmot be espleined by parisiie eutburets
of volomnie ashe Mmammoukadw )



Ploure 17eew Varveliks intorisstneted 34
Wpper part of the Clay Jpur bentomite

@t end derk bentonite from the
bels Hmtaral eises

74



e lasines dirfer from glacisl varves in that Lie sosrser saterial is
sonfined to the derk layers and there are no jradstions belween L:e thimner
lageress I 1t 13 correct to sssume that ths acosmlstion of walcanic ash
¥as oconiinious bt decreased at & rather wnilore pate; & seasonal influx
of shale aanterisl end organic matber would explain the origin of these varves
1ike depositss Zueh zaterial would mest likely be intraduced durin: the
wars months of e year when raeinfall on the lend aress would de reflected
in sn inerease of linewgroined ssdisents in mederately deep uarine waters
A possisle explanation for the apparent originsl plestloity ef the derk
slay is that it may have comtained seh whieh had boen mere or less sompletely
sltered to montaorillondte diring o delay in 1ts transportation to tre site
of final deposttiene

- Hemr surfage Jlacelomailen dn.ihe Slay Spur bed

mm-r@muummmuumummm
8 few ool of overbarden 18 prodominently blalsh ;rey, o color whleh oxidises
at or nasr the surfase %o olive green, yollow and it graye Discoloretion
from blus to lijhier ehades tekes pluse in & mone coverned larg.ly
Wickness of overburden snd disdtance from the nearest natural outorsps As
8 ule all of the sentonite under mors Lwan R feet of cover is undissolored
and thal part of the bed ‘hat is less then 1F feel below the surface is
sompletaly discelored; howevar, the bWue olay mey still be presmt under
a8 lithie oo 12 fest of cover vhare situntel st iistances of several
hundred feol from the nearest natural esposures sni the dissolered poriioms
of the bed may be found under extracrdinary ssounts of overbupden vhere the
land surface risos sharply above erposares of the bentonites ™is reistion
of the ilsgslovalion of Nentenite %o the amount of cever snd toporrsphic
eundigureation of the surface above the bentonits bed Snilcates that
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discoloration takes plase Hoth laterally snd vertically within the beds
e coler ¢amnge begine alon: e syeles o mesrly herizontal »od neerly vertie
¢al jolnis thet intersest in a orissecrove Tashiione As the chenge o resses,
the exterior portien of joint hleocke are sltered fips: to greenish gray,
then w0 olive greem #o thet a lvem blook may “Neve en undiscolored Wlulohe
gray vore enveloped in consentrio leyers of greenich gray and olive greena
Joenise of thelr oval swape, Hlulshesray cores are often referred o ae
"ocm®s ho emse wiin which “ecys” con be separated from enclosin: layers
Wmhtmmw-usMNCuMM
processs Uhenleoal enalyses by Mergerst Us Foster (1943) of the Uy 8
isolosleal Jurvey heve shown ihat dissoloretionm resulis from oxidaiiom of
ferrous iron to the ferric types This oxidatien is no doudt related to
the slizht inoresce of li:amitle materisl alon: joints in the dlssolared
materials Ozidation hes been atiribiled iy He e Znesaitel (1947, pe 1201)
0 have taien place through the azemay of suriwmes wate: seeping inils the
jeln: systenge

The evidensce at hanl indtisates that the time required for thls
disecloration of the dlulshegrey tentonits waries concideradlys The sene
of golor ehange 18 imown Lo be present under overhurdion rencin: ‘res 12 te
18 teot in pleses where local dpainece patlerne and Lapo raphy ere in
matarily, snd it con bs soncluded inet the present land surfsae has mot
e altoved greatly durin: the last several mundred or few thousand yours)
tierefore, 1% muot teke at least sevarsl handred years for the oxldstisn
proseas o progress under more than a fev fsel of overiurdens The soler
thange oan de brought about in the leborstery within e lew wesks by
slternately vetting end dryin; the clay, and whers the blue sateriel hes
boen exposed in the fmees of atrip afnes the disesloration has ben observed
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o extend Loward about twe inches in the selld lecke md nearly one food
slon: joints durin: the period frem one summer’s ainin: ssason to ‘' nexls
Slue grey bentonite that we been pleced in eteckplles with 111t colered
clay frequantly chenzes coler throandhosut the entire stock nile in a peried
o7 aboul one years Appwrenily the osldsiion inkea plase rethsy rapidly
ltﬁ?ﬂrr‘uNt%nﬂhyﬂﬁrwwmemmgomuo?
ithe pvarburder end ULie fmpervieoas natur. of both averiurden snd ben‘onites

In generel the sollofdsl prepeartiies of Uhe blue clay are muaoh lover
Lisn thoose of the discolored bentonite and in mool inetances where the
solar chan e hes besn induced artificimlly, it is acosmpanied b am incroase
in cellofdal proporiless ™e meture snd cmame of the inoresse in sollofdal
properiies 1 of considerable econsmic lmportance and will decone more
fmportant in the fulare a2 ressrves of high oollotdal diseslered olay ave
depleted. It s geverally recosmized that s fundamental reason for high
sslleidal properties of benionite is the tendeney for montmorillenite te
break down to Ilake sheps particles sprroaching the unlt cell in eises
A deeresse in partlele eime in the diseslored olay is indlemied by the
inerease in wall wdldin: oapsaities, swellin: properties, founiry ssod
Bonding dry strenztie and viscosilless

Althoush the oxldation of ferreas %o ferric Lren L0 ne doubl the
explanstion ‘or the color change, it does not seem possisle thel this
shange in valengy of the iren sould be the sajer osuse for “he ineresse
in sollolial properiies, ond 4t secus most likely thal siher physiocsl or
chesionl precessos are active during the paried the coler change tales
plrges Mrmwtmq~wanmmmmihnmum

‘o seesunt Tor lhe inerense in colloidel properties ere as followss
(1) Bemtonite An the Ulay Spur bed raroly contelns es mach s Teur percent



Fogly and Pofy and this seall ssount of Srem does not sewm sl lalent to
asosunt for mach ohanse in eollofdal propertiess (2) taeh of the lrem
presont in the hantonite Lo In the lorm of thin lisond e Mlloe along
jolrte and oraciea in the olay and such from esuld agt enly as & 4ilateed
reducing eolloddal properties of the slage (3) “or oxidation of the iyem
® b reapansidle Tor the ineremsc in collofdal propertlesy the irom would
have to be elosely mssccioted with the slay nminersl strastares It would
soum that 47 the Lrom de te be consldored ar on irbagral part of Yho elay
minoral lettios, 3t would be dound in sush a way that the exidetion and
dwnge in velengy oould not tnke plase so casilys (”M&lhgulqi
foundry bond tests of the disscelored meterial suprounding bluc egwe®
(Table 1, sauple A) have falled to show incremsel eslleidel properides
aver undiscolored sorce bt tend %0 ahow o wedioal incrcase in solloddal
prapertics frem bludsh-grey to the souplobely discolorsd elsye (J) ™e
fmet 4t some of the dlue undloeslored eley 'we been “ound Lo be o
drilling mad guelity sad mash of the Binlshegrey bentonite §s now prosusend
fop Coundyry oand bosdin:g parposes indiantes o unoxidised alay contalning
fervous Lrom 'ms hih eslloidel prepartios and the oxidation % leprie
iron 48 not the chle” emime for the inorence in colleddaliiy of the
battond toe
umumuumuwunmmmmh
in collaldal properties mecompeanyin: the selar ohanges A salte of Your
mmmmu‘mwmmu
sollooted from a atedp mine of the ‘merissn Jelleld Ooupeny lessted in
#age 195 Te 9 Fay Ne 1 Gy Datbe Dnuntyy South Dabotas Yrosh semples
wor: sealed in zlass jars o preactes metursl noletaPs and prevent
oxidation befors testinge The natursl molsture emmbdent of seoples tested
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ronged fyom 27 te 2 peresnts Temulis of the drilling mad tesis of theoe
saxples (Table 1) show el the selleidal) proporiies of the sulliised
bontonite are wioh alfwy Usen the anoxldfaed dlae claye Theraal ocarves
of both ¥io reav ssaple snd Lhe min:g Les misren “Peetion of ‘he umoridised
blue bentondte (Mlge 18, curves a and 6) do not indleate that the water
in e sonimorillosdts fo infloensad Ly ememngoable Lens other them
m Me surve "or he visle smple o oxddized olivew peon bentanite
(Mze 18y curve o) aloo fsils to indicate the yressnce of exchanswablie
fone sther than sollume ™e curws of the ainus 2 sicren fraction o the
exidized wlay (Fige 1y curve 4) howsver ‘we o sanll endothermic penk
et aboot 1797 mizcestin: thmt saue scohanseable salolum or cagnesium ia
intluencing the retention of water in the olays ™e Pl of D9 for the
blue clay end Je¢ Tor the dlssolored olay sles suzseets that he iln@luence
o sollue 1s not as greet in the oxidised mateprisl es in the unilissslored
tlae Bentonitee Iom exehence data Tor ihe wwle saple of dlageloved,
oliveegroon, bentonite (Table % sswple 11) avd the undiscolared. ilue
Wntonite (Tadle 4 emsple 12) fail to indleate weler difMerenass Dotweom
the two cleyse ‘he amahenge empaciily of ihe olivoesrocm bentonite (100
beos/ ) 18 oonsidersbly Wihar then the eapuatty of tha blie bentamite
(78 mece/me)e ™ile dirrarnce in exsiance capaolty any be ohierly &
ounseg se on ol the fMaor serilsle sise In the exilised material, whilch
ingreaszes the total surfese avea of the sincral “lakes aniy, Viereforey
inarenses he mmber of svellable exdiange positlonds

An exporiment on the offects of artiflctlal weathoring was earvled sut
o o sonple of bluldwray demtonite feenm the Clay Spur bed an erposed in
& 9irly nine of the Sasters Clay Produste Sompany in seas D6, Ts 57 Ray
Ra G2 ¥.y Crook Comty, Wysainge 'he fresh ssaple wao cealed In wer in
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fable lewsOrilling mud teosio o a sulte of essples represontative of Lhe
mmmu.uwmuwmuu- Ulay Spur bels Caxples
are from & strip nine of ihe Aseriaen Uplleld Mhumxﬁ.:‘.9ﬂn
fle 1 fap Mbte County, Soath Dakotas All tests wers mede on slurries of
6 persent dmtanite in dletilled weter, end sewples were prepared by alr
dpying and grinding w approximately 200 asshe

“waple A 3 G )
2

wirmate 4.8 “ef 440 %ol
sall
radlde 15 '
tng winute 12.8 112 1062 048
(in sia) -

ainute 17 18s 15 128
Yiseonity 12 ) 18 oy
{in centepolnes)
Tield 85 38 o1 1y
{dmrrels of 15 opee
drilitag wud por ton
of bentonite)
o ia Initial 9 10
(grama) 10 mimate b 3 15 »
pi 949 L] a8 943

8y Undiscolored bdlulshesray bontenite, semple secured botween A end Ce
Gs Partially exidised dentonite contalnin: "egoe”e
Ue DMssolored yelloaw bentoriise
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the fleld o prevant sny offsote o westhering srlor 1o testinge In the
ledoratory a portion of the smaple war aly dried ond aroehel 10 onowfourth
inoh eise oy omallers "hisc swaple wee thwen atlersetely wet with diotilled
water md alr dricd approvismately 12 Uiees over a poriod o four monthae
Durins this perisd the eolor cwmnsed fras dMalshegrey W 1 hter alulee of
olive eem and yollows A sauple of the ariiTielally oxilis-! slay snd one
of the unenidized slay were siv dried, wround, end tes'sd for wee as
drilideg muls e resslte of the teato (Toble 2) show thal the drilling
md propeariies wer: inoressod omasidershly by the artifielsl onidation
prosesce A thermel ourve of a pertion of the slay Vet wae mot oxidimed
{Moe 15, carve o) sagmsied the presemes of & suall ssemt e Arem

sal ide naterial as evidsnond by & snall exothormio peal at sbeut 250% ond
it 1o porhape slmdfleant that emsll Srom sul’ide sonoreticns wer: present
in the lower pert of e Clay Spur bentonlto bad near the leeatlsn where
e saaple wes oollesteds e thermml curwe of the artificlally evidised
material (1ge 18, owve ) does not show eny Indleation o the presenos of
iren oulfidess lose »7 suall mmounte o” Lrom sul”lde duwrins e srtifisial
wxifation prosess ou: eeta Vi possibillity hal weak acdd amy “orm by
ground weler astion on the sulfide and that sollefdal pyroperiles of
bentosdte may be Luproved by o natursl aald tpestin: proceass The pit of
Mﬁmmdumuwnmwmm
would slso conform with this pestuletiome lan exchenye data for the
fresh slay (Table 4 mmsple 14) end tie aridfiscially entdised oley

{iable 4 eaple 13) indieate “hot the oreimnge eapasities of ine twe
materials are sasentlally the asses e onldation was acomupanisd by &
meroed Snoresse in gsohwmrceable wamesles (00 mate/7ne 0 the umoxidised
il 2% meve/0s in the oxtdised) and  douresce in sedtunm (+%8 Aees/mme



fable 2eeirilling mad teats of frosh and ariifielally oxidized gomplen of
sentonites Sasples are frow e sirip alne of the Zastern Clay “roducte
Sompeny in secs 36, Us U7 Ney Ne 62 Wy, Crook Uounty, Wyosings Unless
othervier desisnated, twots wor: uede on siurries of £ percemt bentonits
in dietilled walers

Smaale frash artl olally
‘ oxhitsed
Swellin: g of 2 srass of bentonite 34 7
in distilled water (in mls,)
2 sinate Tob Sed
uall waildiag 15 simute 1843 1344
{Mitrate in wle) A
30 winute 2 17
64 olay 7 9
Viscoal
(nnn:m) 5 V/20 dlay 10 15
75 olay LR 21
Tield ™ a3
barrels of 13 apes
mud por ton of
wentondte)

® 5
i
!
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Figare 18e¢e= Thermal enealysis ourves of semples of undiscolored and
discolored bentonite from the Cley Spur bed. Curves a - & are of
ssmples from a strip mine of the American Oolloid Compeny in
secs 15, Te 9 Hey Ry 1 Esy Butte County, South Daketa, Curves e and
f are of a sample from a strip mine of the Hastern Clay Products Company
in pec. 56. Te 57 N,y R, 62 ey Orook County, Wyominge Coumercial tests
of samples are given in Tables 1 and 2,

2+ Undiscolored bentonite (whole sample)

be Diseolered bentonite {whole sample)

¢« Less than 2 mieron fraction of undiscolored bentonite shown in
curve a. .

de Less then 2 micron fraction of discoleored bentonite shown in curve bh.
¢. Undiscolored bentonite
fo Artificially oxidized portion of neterial shown in curve e.
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Table SeemRasilts of ionecxshange cepmeity deterninstion

Cetions . fotal eation Determined
exchenge oation
3ed Ce Ag ey £ iq mevwe/me (less sxchange

solable aniona) mete/ m004

1 A t” 92~ «15 02 Lre ‘79 o7
2e v «18 25 o5 W01 -~ 80 31
Se 3 - - O 01 JS2 oD% 59
“0 ’ o” 026 007 00’ - 059 091
20 GI:V 9’:’ tﬁ ? o;g ﬁ 02 og tg
. . 4 - - - .
E =B R ST a2 39
9% " " L6 .9 9 02 - .35 .82
10. . e B o148 <43 O35 - ] ."“
SRR B BN SRR 2
15: . » 31 24 :29 02 - :'“ :63
1 ' . 28 05 PL T § - 19 72
:: Z22323: % 3
17. @ 22 I3 Jo o8 . 1400 93
18, I 54 16 18 01 08 « 95 88
19« ‘ o4 - «02 -~ 1406 « 25

Deterninations made by Johnm C, Hathaway, Jerald Otmelberger, Uarel Parker,
and Dorothy Carpol of the U, 8. Teolegical Survey.

1s Hed umm«umwsm9m-w¢.m.e.r.wu.,
Re 63 ¥Woy Orook Ocumty, Yyeming (¥ige 10, curve b)s

24 L&nmt colored bentonite 3 feet 2 inches Nok. sece 8, Ty 58 E,
Re Wep Orook County, Wyoming (Fig. 10, surve 4),

3¢ Bed 8, Iizst colored bemtonite 8 inches thiek, see. 34, 7. 58 N,
Re 63 Way Urook Coumby, ¥yoming, (Fige 10, curve e). :

4s 3ed B, dluishegray bentonite ) foot 7 inches thick, sees 8, T, 57 ln
: a. 61 We, Urook Uou ty, “yoming (Flge 10, curve f)e

B s-c.nmmammutmamma.m.;&.
Nep Ra 65 Way Crook County, ¥yomins (Flge 10, curve h)s
Ss Cley bed, light colored bentonite 2 feet 7 inohes thick, sece 5y

Te BT Hay Re 65 ¥ep Orook Jounmty, Wyoming (Flgs 19, curve b)e

T+ Clay Spur bed, lisht colored bentomite 2 fest © inches thick, see. 4
Te 58 Hay R 66 Hey Orook County, Yyoming (Fige. 19, curve )
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8, Clay Spur bed, 1izht eolored bentonite 1 foot 10 inches thi-k, sec. 26,
Te 56 ﬂ.. e 61 “.. Crook M’ ng (ﬂg. ‘.9. gurve h).

9+ Clay Spur bed, 1lijht colored bentonite 1 foot 10 inches thiok, secs 10,
Te 55 Hsy Ra 61 W,y Crook County, Wyoming (Miz. 19, curve 4).

10 Cley Spur bed, dark colored bentonite 2 feet 10 inches thick, overlying
material S above (Fiz. 19, curve jl.

1l. Clay Spur bed, ollve-green bemtonite, from strip mine of American
Colloid Uo. sec. 15, 7 9 Hep Ra 1 Esy Butte Oounty, South Dakota
(Fige 18, ourve b)e

12, CQlay Spur bed, undiscolored blus bentonite, near 1l. above (Fig. 18,
ourve a)e

15« Clay Spur bed, artificially oxidized ‘rom strip mine of Zastern Clay
Prodacts Co., mec. ”. Te 27 L 62 Wey Crook County, Wyeming
(Pige 18, ourve 1)

14, Haterisml 13. above befere artifisislly oxidized (Fig. 18, curve o).

15, Bed P, 1isht colored bentonite & feet 5 inches thick, secs 26, Ts O Gy
Re 57 Esy Carter County, MHontana (FPige 21, ourve ). : : '

16. Bed F 1ight colored bentonite 5 fest 9 inches, secs 9, Ts 36 Nuy Ra 67 Wa,
Orook County, ¥yoming, (Fige 21, curve i). :

17« Bed 8, gray and brownish gray bentonite 2 feet 4 inches thick, sec. 9y
T 57 Nay Rs 62 Wey Crook County, 'Wyoming (Plg. 23, ourve b)e

18, Bed I, yellow and yellowish brown bhentonite 5 feet 1 inch thick,
Boc. 5 Te 12 N,y Ry 2 Eoy Butte County, Seuth Dakote (Pig;. 25.
carve d .

19, Bed I, greenishegray bdentonite 2 « 7 inches thick, sec. 35, T, 12 Ny,
Re 2 B4y Butte County, South Daketa (Figs 23, ocurve f).



in the waonidined and 420 mee/ e in the axidined)s

In order to chosk the plasathility of the thesry thet mabarsl sold
lens in: aay banefielirte the bamtand tey drillin- mud ‘ests wars wede on
suspocsions of the wlissslored waterial in 41" erent conesntrations of
mlphario actd {Tadle 5)s Concenira lone of a0id ap ‘o en opilmam of
aboat 10 B inersnsed the wioossity b3t bhoth vissssity sn! 5ol styength
dropped in move consentrated aclds A% e opllaam ef abest 1/ ¥ sedd
the viseoslly was more Loan doulded sl el stren h wes amny lsee onter
then suspanslons alxel with dislilled waters Vel bulliin: onpeeltles
wore aliMtly lasproved im Uw low conamiretions ut weve lower in the
150 ¥ slarvy than in diatdlled watere Fall ballding espaciiles were
vry poor in the 1/10 X mald, but viscosity snd el etrength were himer
than weet niroated bantonitese

The hWpoihesis that hest eplalne Ve lneresce in colloddal properiies
acomparying the oienze tn saler of the demtonite ‘Per Mlasetey Lo ulivew
e 46 e destpuoilon of eguillirban cmditlons in the hWplretel slag,
Ppesurnidly weter i very swenly diatribited Lamsahewt tw ley vith & hish
do-gen of und orally fn the thicmesses of layers of water woleciles
betawen wonlmarillanite partislesy end In this -mdilion there ie
sonsiderable atadllity of the oley walar systens Secmase af this stabllisly
e bntovite tende to remsin in aprersies of awntemorilloniie (lales
Wat are not esslly separateds 1t senss Linely that the hyirated odey
woald be moat stable wheare one partionler exdhmageshle lon s espestislly
e aaly Som inflaonoing the waler betweon montmorilloniie partislosy
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#0 that the wetor moleciles would be orientel in layers of uniforn hlcimese
and Donling foress wvenly dis risted, Juring the prosesa in viloh he
Blusw pay bmlenite le ovidisel to olivemgrosn fon exown o and olher
mrodhasisal phenouens ar- active in dsetroying Uw epallidrium Vet euiste
in the clay waber systess ‘s e stability of the aley waler sysim is
Sestroyed aggresates of mntmrilieniie Clakes are mich easler separeted,
and the sslleldal preporiles are gPeatly inoreasede

tasentially all benianite twmi is not dried el elewsted tesupsratures
emlalng appreciale sacunte of water. iach of this waler sust have 2o0se
derlciio ooni uratione Mo eometrie mrrangs-ent of water molscules in
olay hes beon viesalised by ‘endricke end Jotfersom (1935, pe 553.875) ns
bolng & hezagonal nots ™is net fo Wed o the external sheot of the olay
minersl by the ettesctlon of Wydresen alone not involved in the bind mng
of e wator net with the onyzen of the silicate sheste ™is theoreticel
srvan;euont of the wabtar msleonles has bean erlifelised deonuse 1Y felle
% fcoomt foF i @ffwot of exewmmpeeble fons (Heckensle, 19790, p. 115120),
i seoe prodable thet the pacitin: ef water about such fone we madh to do
with the erisutalion of wal:r betwewm wonimorillonit: particlece

Leray wtadios by Tofuerm end Silke (1936, pe 230«271) and by Tendricie,
lielaon, and Alexsnder (194D, pe 1407146%) have chosm ‘hat et o siven
mmmmnmmwu*mmumum
then for § or Ca’ typese Abuve 30 perseat molstur: comtent the specings
of Na iype incremsce o the lisii dotectadle hy sresent methols mach
facter tien dess Ua’ or ' ponteortllonites It hes boen established iy
Sredloy, Oriny end Clark (1957, pe 216e227) Sn the caso of 1 memtmorillondte
ad by Hooney, Keonwn, snd Wood (3050, pe 13TLeISTH) for On' end Na |
wontmoriiloniis that wveler loes netl paeteale bSoluesn the clesvass spases



of the ninoral bt wilars in integral Iayerse et Loy 8 loayer o walwy
mslesales doos not bagin to Toms wtll the previsus leyer has develaped
throuhout essentially ell of the mentmorillonites Prosumsdly whers Ja
18 the snly oatien present between Lwe ad jecont Ilakes of montmorillomite
there 1o a deofinite nmumber of more or lese stadble layers of oriented
wator ab ey ziven low cortent of molotures In the prescres of about
the pame sstunts of acisture thers would be 8 417 Cwrent muber o7 stable
layers in Cn' ' mewtworillemite and  momtaerillonite sisht have a
tenieney %0 ressh still e third equilibrium eonditions

Me colloddel preperties of onlelm bentonites afe vory low -ni those
o soflum bentonibes arc very hi-hj however, the prodicers of bentenite
have known for several yeare thual o mall ssount of salelum L5 present in
esommtially ell Sestonite thed hae very hi-h solleidal propertiess
Roth (1901 pe 77) suszested that o certain mscunt of exehengesbls Oa
ions sre aeeded in sodlm bentonite Lo produse & cosd driliin: made
On the besis o7 zersy ovidense he tworised lhat ecalefum rioh
montaorillonite layers would “orwm double waler layer partioles, snd suwh
partieles would oreate & 1ittls dlsorder in the olay waber aystes and
allov & thixetraple suspension Lo "orm nore emsilye

fesults of therunl analyses mmle in Lhe prosent Inveatimatisn
tndlonte that Fa is sewentially Lie amly lon influsnein: retertion
of water in the dMusegray endiscelored slay (Vi My cwrves a and aje
Hosh of the Oa  nd Mg~ Sems, fndlested by the lon exshenge meesuPeRsHLe
{table 5 soaples 12 end 13) mre prodably loceted on the surfeses of
montaorillonite perticles not snvaloped by waler, or whore wineral
particles aay be separated enly by exchangesble Ca'  and Me | withoot the
progence of waler molesuless Mo likelihood that the kind of exshangsable
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fons on the surfhoe o’ sne particle are 417 Terent rom those an enother lg
supported by the stadiss of Aywme (1903, pe 50) that revsaled montuarillow
ni'es to be nixed layer sog.onces #ith ad jacent layers difTcring from oue
mother in oswposiilen, siruelorey or noue other laglove

ihere the erisntation of water woleciles in s gresataen of sontmordlliondte
flakes 15 in’luenced only by Na', wy lon ezshen-e reastion waidh resleces
Hia | by some other Son weald reduce stabllity of Uw olay water eystes mw
inoresse colleidal properiless Mo effect weull be to distmed the
arrangmanygt oF wator and nabe 1t wmich essier ‘or addltlonal weter solemiies
10 enter batvesn ninersl flsiwss Na As sost comsonly replased by 0o’ 'y
g’y ant ' U7 ia avalleble in wesl: acide that sre ntrodused by
gromd water snd formed by spound water sotien om sul’ides in the bentonites
An emplo supply of Ca” is ewadlable in the soludle selenite vhich ie
sommon throsdeut the deotonttes oth Oa' " end Mg T Tare very somen
oxchangeable Soms in the bentendte, and perhape some Ko | dn the
montaorillontie lattiss v rolonsed by ectehodral substliution wherchy
the M3’/ 18 roplased by other lamse Me pessibility thal eotehedve)
substitation mey have an lmpartant. bearing on Uhe swellin: properiles of
clays has been dlacuss.d by Pester (1954, pe 1e28)s Cololwgy sagmestium
and hydrogen bentonites all have very low collofdul properties as
soupared with soifum bentonite, and thersfore the szehance of M by
these lons onn be earrled too fars oo mash replsesucnt of gedlum Yy these
fong in prodmbly the resson thnt mach of ‘ho weatherel bemtonlte does mot
sonfors with the speelflentions for drilling emd bemtordles

in addition %o supplylo; 17 lons, wenk nslurie acdd may &' tadk ths
olios of azgregates of montnarillenite partisles and ald in splittdn: them
inte indlvidual Tlnkess Pertial solatisn of Ve siliests shwels of twe



aljacent flahes i Mt dlsrupt ‘the foroee haldin: the Tlaime tempther sod
srovide opaoe Tor the lerge water aslesiles te mtave

e tloe roguirad for the discoloration of the Jley Tpor bentenile ts
pregress under more fhan o fev fest of overburden sussests thal large
danoelto of the disoslored clay are precent unfor terrses deposita, ALl
werrace crawlis sast have boon deposite! on older lend surimoss, wilsh
memng Uiat seme o the dentonilc may have beem oxidised ent develeped
desireble colloldel properiies pricr ‘o bhuridls Jurtheruoras, ‘erraes
deponits are very pevvio:s sni benlanite bementh torrsces may heve aore
mm«wmmum'mwmm
In semeral the producers of bentonite held thal bentonlte delew terrace
deponite 18 not o ihe quality demended for comserlal parpases: 4
pausible reason for the lov properiies of thie bentonile i2 thet the
exdhange of Oa @ ta | hes been cwrvied tos fwre Terrace srawels
twrerheut the disteiet sonteln saoh weatherc! selearesis asteriel whidh
mmu.m«ammsm‘**. Sespleos o hendomite
fron below terrace depostis have been scosrel only whers ‘he ovarburden is
rolatively thine It seass 1ikely that Wich quality benlonite will
eventanlly he loceted helow trvace depasiime It 40 prodadle that sush
material will be “oand at greater depths Lhen Whers terreces are net
proecnie

Hnapalace ol e Slar daur hed
Ui rferential thersal analyses of the dark eolovel bemtonite ot the

Tlay Spur bod (Flge 10, swrve § and Pige 19, csrve §) show thet At &8
sonposed of mont@morillonite with verying omeunts ef lmpuritles and wery
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sanl]l sonients of arsenis sailar, hin sestions of some ' ‘he intare
lenkonted 1800t and derk bentonite “rom the lower part of he derh navw
revesl inat derk lawines are ohiefly sowpose! of layers of ovomnie
diseolored olay in whleh »1¢ sived partlsles ers partio:iarly ebandante
Jark sioarals, shiefly Motlle, are nare abandant and tend %0 be loss
gnglar in the dark sone hem In the sudjacent 11 Mt benienlte.

Thersel curves of the 14ht soleved pertion of the Clay Spar ded rovenl
et mantsorillonite s essentlia ly the only clay aineral presents Miled
variations in Lie theraxl carves Pacalt “rom dL0fersnces in exdien-eshle
loms and nom elay lmpuritiess Ne ie the most ssmom fom whish in‘lsoncss
the orientailon of water in the bemtondle (¥ise 19, curves ow’y § and i)y
bat sevarsl of the sarves show thet On ' o Mg ' Tar bath nave an Sapertant
bearing on the retention of water {Plazs 10, aurves ¢ and §3 Flge 19, ourves
8 by ool e Ma i the dsafnent sxehenmcesile dom dn all Wt ene of the
10 panples "or wnich fon evohence seasureconis were aade { Iable % seoples
Seld)s Pressmce of 1 in one of the seaples (Mge 10y surve h) 15 Indiouted
by two ssell low dmperature pesks snd 8 30 of enly 54T

Proportions of mam oleay malerisis of the Clay Spur bed wre lower
than in mon bantonils depesites PLL metorlals parsly meke up a® wich
o8 Tive percon’ of the olay end as 8 ruls total nem elay sontents are
belovw 15 peroemte oot o Uhwe nom alay msterisls esnsist of angder
uarie and “:ldepar, %it Blotile and selenite are partiouiarly ecamom
anl nt o fow looalitles selonlie synetitates aluos’ lve peresnt of the
bods Oristedalite wes Ldentitied in four of ol Wt sesploe ezsained by
swray uethods by neabdPs of the Jeochentniry and Fetrology dransh of the
Ua Sa "eolo-ienl Surveye 1% weo poselisle to estadlish ihet ‘he smsants
of gristobalite were as grest 8 10 persent In enly one ¢ the sasples ,
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Fiowre 1DesmDifferontial thaveal smalysis surves of sacples fran the
Clay Spur bentonite beds ALl samples are frox Oreek Counly, Vyeainge

e ugn‘;:m bontondtey 2 foet & inohes Whieky secs Oy T J7 Hey
.

- umo;.w.awa{imvmma.ma.nﬂm
Re Ve

Ge u‘iat‘m bentonite, 2 fost 1 ineh thlck, secs 35, Te 37 ey
» We

de Light colored bentonite, 11 inches thlok, seos % Ts 56 Mgy N4 66 ¥e

e Lizht colored bentomite, € inches thilek, wsderlying salerial snalysed
in ourve ds

fo Liht colored bdamlomite, 2 feet 9 ineves thiosk, Insludes Yoih materiale
amslysed in corves 4 and e.

ge uzs“uramumtmemmmmu. Te 36 Hey
o

e ussmmmmxmmtwmm.mﬁ.&%nq
« 61 %

ie ug:tammu.lmmm-mmmw.h”h
We

js Dark celored bentondte, 2 feot 10 lunches Unlcly superjssent to
aaterial analysed in surve L.

e uzt“nl:dmmlwﬁmm“u. Ta 00 Bey
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Bed D e a thin steetam of bantonite that cecurs near the bsse of the
felle Pourehe shales Throu et much of the distriet, hed U L2 only three
to four feet above the Ulsy Spuyr bebonite dad, bt whers the thisk lasinabed
oilicecus shale sone s present above the llay ipar bedy the smle intervs]
seperabing tho twe beds 48 mush preaters ol D o conmonly less than four
mmmu‘-mmuwmmwwwmw
bed L8 as much as 14 inches thicke Looally there appeara to be a correlation
befwesn the Shisk portioms of the Clay Spur dad and bed 0, and 1t i»
possidle that some of the lows im whlch the thlek portions of the Uley Spur
bed acoumulated msy have perelisted thrau-h VYhe peried of deposition o
hod Do

m.uum.muokunmw
and te bed 1s recoved with the overburdan where the Ulay Spar bed Lo sined,
ed D 18 of intersst boomiso of 1te stretigrephle proxinity %o the Jlay
Spar bed, anl beosmume hed D was deposited in a narine soviromsent that was
unlike that in whioh the Uley Upur bed and emoloein: eiilessus shale were
dopositeds Sed 0 sonslete ohiefly of wery 1L gray or orean oslored
bantonite, Mt al mery places 1% has a reddlsh rown or saleen colored
stratun neay the base and a derier gray layer in the upper parte 'he bed
reste sharply on soft derk shele and gredes upward inte super jnsent sirsta
throash a thin derk colored sone of interlamineted shale and bentonites
Soth Wie eharasteristies of westhored sutsrope and laboymtory tests iniioste
that bed D sonsiste of hizh swellinmg bentonltes Oriliin: mad end foundry
bond tests an well as therzel analyses (flge 21, curve a) indleste that
bed D Le couposed ehiefly of Ba typs bantonite of the purity desended fopy
somcmereisl purposess he unfavorable thlckmess §8:the only ressom that



this bel carwiol bo sonmaldered s source of dentonites
D 8

Sentonite Bed U 18 & vory dark solored fapurs bed that cemwrs in the
lover pard of the Jelle Fourene shale, leomuse of its colar sad Lupure
natare, Usis bed Ls often called the "iad bed®, Howhere In the Narthers
ek Tills Sentonite Miaing district i Sod & sufflelentily thick or pure
% sonstitate ressrves of ovvmeraial bandonite, Wt a sausll sssount of
Tlay 1a ni-ed sand proosssed from stratligParitioal eguivalent of his bed
in the Vemtern Slack Hille distriets In the northern Slack "lle bed &
is very useful as a veferanse sitratam in deteraining the amomt o overe
barden adove the Tley Spar beds In the Ypoming portion of the dletrict
bed £ ranges fram shout 27 to 30 fest above the faportent Ulay Spar bentone
ite bedy therefore, “us 50 fesd overbirden lisli ebove thet bed neearly
solncidens with the oulerops of ded S In Rutte Counly, Seath Dalwte, he
thale intervel separating these two hentonile beda thins fros about 27
fost mear the Wyonin: boundery to 18 Teet near the iown of Selle Fourdhes

In nany pleces bed § L9 sovered by seil and alluviue Sat as s rals
the bed can be found waorever lower Jelle Pours'w rosks are abl least
moderately well expoved, The etretigraphic posliten of the bed in covered
mummsmw-mu'mmm Sed £ ranges in
hilckness from one to sbeat three feet and in a few plases i is vepresentsd
by only & taln some of derk bemtonitic ahales Doth the upper amd lower
Hatta of bad U grade into the enclosing shale through monmes of intere
lazinated shale and bontonitee Mo bentondte i darkesrey, gray, end brown.
lohworay with thin etrsta of 1ighl gray near the middle of the beds The
lower psrt of the bed ie hsavily iven staimed pesaliing in e rosty
sppearance of sost sutoropse Uesthsred curfeses of the tiisher portisne



of the bed exaibdt a poorly develepsd popeorn texture Yati powlery or
sllizstor hide textures are sere dwrect-ristls af ‘he beatl as a whales

Althouy the dark shale strata enclosin: bed | hmve ylelded no
fdentifindle ‘ossile, he berbonite eppears %o heve besn deposited in
sodorately deep serine water, Varistions in ithicknese sugsect that the
sen floor on whleh the wloanis ash wes deposlied was sharacterised Ly
undulations sinilar t thoss desorided for the Clay Spuar bed b:t on a
mich smaller seales Milcknesses of bed © do not correlats with variations
in thistnesses of the Clay “pur bed and elthoush the uneven surfnces of
depesl tdon o both bods aay be & conseguence »! simllar phencsensy he
forees amising the undiletions appesr o have deon aotive at 41ifferent
tinese e dark coler of the dentonite 48 the result of eddrlure of
iale end orgorde naterials staller to that found in the enolosin: shale
and suggests that depositiion of bad ! was muoch slowsr than other dentenite
buds in the distriote

Jeomine of 418 Lmsure neturc and untavorsble thisimess, bed o wea
sspled only at twe looaliiless e non slay sinorsls avereced sars them
%0 porcest of the bemlonite and were partieuwlerly shmdant in the derior
sore inpare perts of ihe bede he non alsy minersls consiat shiefly of
quarts ond feldspar dut fleld observations revesled that biotits Tlakes
ware very abandant along soas bedding plence asd the' sone selonite wap
present in nearly all of the elaye DAfferential theraal enalyves of the
sasples (Fige 21, curves b = 4) revealed that they were somposed ohiefly
ol sodium type montmorillonite, altheush the water in one of the sanples
wppesred o be Anfluenced by o muell essunt of oalodume

A thin 14:ht colored atrath vithin the bed b one looality tested
vory bigh in drilling st proverifes dut the derk material making wp



Bost of the bed proved %o be deficlent in colleldsl properties assording
o pressnt standerds for drilling mude he samples tested hat adequate
dry alrengths but anly wederate %o low sresn strengthse

D F
Soamase of Lte commplauscue grey snd red solors, bed I was onlled the
Opey TNed bed by Mubey snd Srsmletto (Re O Heoore, 1999, pe 27)e hdo same

bed hne alse been referred to by ¥ing (1990, pe 25) s occeurring * ***
spproziaately 9 fest below the jdddle Creek linesteme®®® in the vestern
part of Jutte Jounty, South Dpkotas A8 & conwepsense of Jing'e desaription
he bed is nonetines refarred 1o no the Niddle Oreek bentoniie bed, » neme
whiloh hes boen zeolozieslly presecoupieds Jed F Ciret sppesrs ar & thin
wodge about eix feet delow the top of the Selle Fsurche shale in sess 29,
Te 9 Fog fe 2 Lay Balte County, South Dgotas Less than two miles norihwest
of tant placey bdod ¥ Lo nore then twe feet thicks Althoudh Lis sutorepe
are lacally covered with soll end alluviumg bed ¥ L# & continuous siratum
in the Nontane and Wyoming pards of the districte Looslly the bentondte
is s such as seven Temt thfek bul 1t averess four te fiw ‘et in eutareps
of the apper Molle Fourche sirata throufoul (e western threewivurthe of
the dlstriots ™Me shale enclosing bed 7 4s soft and the overbuidum oould
ensily be romoved Ly hesvy minin: equipnente Larsge reserves of dentonite
are present in this bed, ut ihat partion of bed ¥ under iigat sverbarden
io resiristed to narrov Zoues along oateleps exeept in a feuw smmll outliers
und inllerse ,

fmet of the Little Missourd Miver bentonite bed 7 areps sul in the
faces of suestas supporied by he resistant Ormen Lake limestlone bedy
the lowermoat bed of he Jreenhorn fofmations ™Me derk shele interval
betueen Sed 7 end the Oruoem Lake limestone dad ineresses ‘rom six Teel
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ware bed ¥ Tirst appears fn Su'be Cemniye South Dakota o 12 feel newr
the Fpeminomionth Darste briedery end e 38 el on the esstern slis of
he Waed alluvial plsin of the LiLile ilssswd "dver nesr Alsads, Hentante
As a conseguense of a “ezles dewelspuoni, we lromn Lako licestens L3 netl
prowent on hs wesl side 7 the alluviel plais in Little Mesourd ‘lver
Vallep, vhore bed ¥ orops out 177 (oot delow e base of e lrearhorn
‘srmation In il nelghhorhoode he Jelle faurene whsle otrsia shove
bod ¥ comiloue te incresse in hiickwese to he sorthwest o more Lasm
350 fest in the southwest part of Ts U7 Bay fa 67 Vey OPosk Couniy,
Vyaminge

Lilks wos’ benimnite deds the contmetl botwsen bed 7 end the underiying
shale is very distimots In wmoet plases the auwmle sudinsemt 2o hw bentenite
18 aeft it losally thls shale Lo disiinetly movs resistent in a cone ome
W four inshes thlok then in lever sirstas e bentonlie bed reles upward
into supwr jsoent shals Ywesh A sone of iaterlaalaated shale anvd bemtenite,
wileh a8 & Male i only #1/A0 ta ten inches thick and conialne very little
bextonite in Une apper halfs e lower 14t colewnd portion of bed ¥
sveraged four fest 2 Inohes &n thicimess at the 1f lesslitfes at whish 4
wan drilled with s hend sagpere ™o Wroseishered solor of the cley is
larsely eonfined Lo the lower Sal” of e 1l eclored poriion of the bade
fsd sclora eare beat develuped in Uie wesisrs tharetelsarths of the Aisirisls
hese red shades are leeor comuploreus $n the eastern pert of Crocht Ceanby
wd are reproswntied anly by yellow and Wrown iren staing in the gray
beptonite in the South Takola pert o Wm distriote Whaere e red solors
mmmmmnsnwmw-inwu
smmonly contalne Liny red siroral specks whleh are losslly presest in
sulfiolent nusbers Lo produse shades of purple or a reddiohegray trensition
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sons betwesn the wray and the red cleys These red species oxidise reeadily
2t or newy ‘he surfsce and are nover gres-nt in the sutoropss e Wrus
rod colored bentoniis, on ‘e sther hondy, wesihers to whe dlstinetive
brownish red oslovs of ‘he oulerops ef his beds ‘lash of e wenbhorsed
surfocess of bed 7 hes well developed popacrn Lextures in sraets one 0
three inshes thieky and bdelow he sruste, thers is sesmonly a sovs of
loosely compagied gramlar materiale Mesl of ihe wwwosthered bentondle is
sharactorized by a wory texturss Suall flsee of dMotite and greine of
foldopar, quarts, selenite and carbenstcs and traces of other minerals
o8 well ae soluble salts males up most of the mon slay minerale in bed ¥y
drystals of selanite up ‘o ol inches lon: wenther sul of the emtonites
Veinline deposite of 1light yellowishesray, Tlbrone onloite wp %0 twe
inches thick are comsom in bed ! in the western part of the districts e
salodte appesrs to hove bewn deposited in jolnts in the bentonite thet
exterd Lrremlerly throuh the beds Me Fibers in the onleite ave oriented
perpendicular o the joints Loonlly “he eoaledte &5 so sbundant that
weathored ‘rageents nearly cover cuterops of bed I (Plge 20)3 such large
seonte of non elay materiels srestly refuce the economle pstentinlities
af tsm bentoniles

e ibrous asloite appoars %o bo & conseqiense of the orddnal
conpasiiden of the ash rather tumn hawvin: baem introduced by sround water
os indicnted bys (1) Absemes of filwrous carbonetes in the dark shals
ensloaing the bantomite beds (2) e feet vast Clborous salemite 18 mot
sbundant in bed P in the eastern part of tha distriet whers the bed is
sitantad 2 fow Jeet bBalow the asloares:s sirata of the Jreemhorn fermetion
waloh 18 the mest likely scuree of ssloite introdused by dowoward
poresiating ground waters Calelie mist Do a praduet of the alteration
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process by waloh the ash was doviirified ‘o ferm menitmorillselte and
indieates that alieration was still taking plaee after jeinis hwad formed
in tho Dentonite beds Jolnis 00114 not have forsed in soft submerine
sedinente} isersiore, twe presenge of “lhrous calelis in joints appesrs
W suppart the ieary thal alieration of ihe ash 1o clay was #0111 teking
place ‘ollowin: ersrenis movesentia thal ralsed the Oretesecus marime sirate
above sea level in late Crelscrsus tinwes

A gparse marine feuna in ihe enclosing shwmls strats indicetas that
the volosnic ssh whish laler sltered to bed F bentonite mcowsmlaled in e
marine enviremsente Mo umliorm shary oontact o the bentonite with the
sibjagent shaleo o well as Use unifors thickmess of the bantonits ded
and ooler siratiflostions within the bed suzpests that the sea floor on
wilah depositlon teck plase was s nearly smooth surface well below the
dopth of vigorous wave mollome ‘he sboonce of dark lesinee in the Lichi
colored portlon of the Sed and the thin sene of isterlssinated bemtondite
ond derk shale in the upperrpart of the bded surzests that deposiilion of
the ssh was &l Cirot wery repid and thed the tepering off of the
scamulation of the ssh tosk pleace in a shorter period of time than for
most ather tadek destonite bedee e fmet that bed ¥ 1o uniforssily thisk
in the wostern part of the dietriet bt wadges out lowsrd the enst Sopeiher
with thickening of the enslosing sinle strete toward the went susgeste
st the soures of both the sah md the enclosing sedimente was Trom the
#oBle

Difleprentinl thernal snalyses wers wmade on oix samples of the 14t
and one emsple of the upper dark parta of the bed ¥ (Mg 21, curves o = j)e
e dark color S8 a canseguence of shals lupuritless Toush cemposed
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onketly of montmorillontce, 'he dark walorial showed rather low endotiorale
ponin corresponding to the less of eshsorbed and laitios weter Indlss'in:
ool dilution by non clay msterialse e thermal sarve of the derk material
alao anhowed ‘hat Lt sontaimed about § perconl gypeum, some ovganis meterial
ond & 1181 from sulrides Thermal curves end lon exchanye dsva (iable 4
sazples 13 and 16) of the 14t demtonite showed thal ded ¥ Ls composed
dalefly of montmerilionits and at sene localitles sedfum is e dominent
exsnasceable lon, but ab other localiies exchengeable calalun sswne ‘o be
more abundant than sodiuse Ome sesple having hish drilling mad properiles
produced & aarve (¥ige 21y ourve 1) whleh, et tmperatares below 900%3, is
very similar to thermal eirves of coomercinl Ype dmionite “rom the Clay
ipur beds The exolhermic remction betwesn 900 and 1000%C in this smsple
and other seuples fvom bod ¥ was nelther a8 lepge nor distinel as for soet
sodlum momtmorillonite, indicatiin: a difTerence in bulk composiilen o &
WliAt straotural varistione Ourves of ssuples of low csllofdnl propertdes
ohow saried variations in the characteristles af the low tewpora'ufe ;
nlsorbed water peais res:lilng frua the sase with whish waler Is released
by the shaye Sodium and calelun are the deminate exohengeable lens
indiented by the tsersel amlyses, wut fon exchenge seasurenents ( fable U
secples 15 and 16) indlonts st sagnesium is sommon and sous hpdressn is
progemt in bed 75 Conslderadble caloflus earbonate wan pregent in one semple
(Mge My ourve £) ae indlosted by & large exdothersis posk betwsen 775
and 8507, Twen the sssplee of the rediost bentonits falled to show peels
that are charmeteristie of monironite, e menimorillomiie minorel, whleh
in rich in frons It must be soncluded et there Lo wery 1ittie, 17 sny,
nontronite in bed Py
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BED O

Bed 0 ocours 65 to 85 feol stratigraphically above bentonite ded I,
fast of the alluvial plain of the Little Hissourl River, bed 7 is about
95 feet above the base of the Greenhorn formetions Ued G crope ocut
internittently in the lower ‘Jreemhorn strata that erxtend approximntely
parallel to U, 54 Tighway 212 between Alzsde, Montana and the Yyominge
South Dakots boundary. In the central part of the dlstriect bed 0 ocours
five to six feetl below n thin limestone ded which protecta the bentonite
from erosion and causes 1t to lie under lisht overburden over considerable
aress, veat of the Little Missouri River, the lover Ureenhorn strata
enclosin: bed J grade laterally into darkegray Belle Fourche shale, and
as the Ureemhornedelle "ourche contast rises stratisraphicelly toward the
west incrensing thicknesses of Helle Yourche shele socur above bed G

Bed 0 possesses sboutl the same degree of resistance to ercsion as
the shales above and below it upmron. the bed does not form ldgﬂm
outarops s do moat other bentonite beds, Yeathered surfaces of the bed
are characterized by loosely ocompacted, sremilar, bentonitiec soil which
supports soanly vesetation and even the best exposures of Lie dontonite
in bed U eppear to swell very little when wets The conclusion based on
field evidenge that bed 7 bentonite hes low swellinz properties is verified
by results of laboratory testss Loecally the position of the bed is marked
by white alkall efflorescence which hme been precipitated from pround
water trapred by the relatively impervious bemtonite stratums Oval shaped
limestone concretions up to eisht inches in dismeter are present in some
parts of' the bed, and in deveral places pockets of loosely compacted
powdery cnloite were observed near the bhase of the beds, The caloarsous
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petare and rounded o:tline o these poolkats suggesis that wy are remnants
ol farser coneretionge

48 & tule bed O 42 three o Mive feet thisk and 18 couposed of gray or
brown eolored bentorite and i cosmonly heavily lron stained in the niddle
wdd wpper pards Parta of the bed aprear to have a wary texturs bt the
bed a8 & vhole is charecsterissd by an carihy texture mere iike that of
ordinery olaye AS mach as 10 percent grit end 30 percent total non aley
saterial is nol uncomon in the bads ™e nen 2leay smtsrial sonslets of
Motite and calolte in umssually lerce proportions with ainer ameunts of
finew rained, angiler quarts, “eldsper, selemite, end traces of welosnic
glase and other wineralse he bistite is euffisiently abundent alon:
sons bedding plemes Lo smsse them 1o spposr slmost bladke Soluble ssite
are probadly very shundent in this bedy partisslerly vhers elball
sfllorescence appeaPs ob wentherad wurfncose

™e contact of bed O with subjasent shale 1s dietinet bt the bed
grades fnto the superimcent ghmle Yhrourh a transition sone € to 12 inches
thiclee Uest of the Little Missourd River, where the bed is enclosed in
fork sumle, the irensitlon mons sppesra to bo marked by an upward dereass
in the nuaber of bamtonite leniness iast of the LAdtile Hleseuri Tiver the
calow snd texture of the upper part of ded 7 is very slaller to thst of the
supor jaoent calosresue shale and in meny plases the zredatlen consiets of
& continuous decreass in the amcun® of bemionite rather than a decresss in
the masber of bontanite lmsingse. Mscrofossils have not been proserved
in the shale enolosing bed 7 Bat he thin limestone bed occurrin: five %o
slx fesl above the bed U 19 very fessili‘erouss ™o liscetons containe
aharis testh and mony ‘ragments of peleeypolse 'hess fossile lLogether
with ripplosaaris indleate rather wimllow morine conditlonse It 4s likely
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that bed 0 and 1ts enclosin: onlosresae ehmise in the eastern part of
the diatrist wes deposited in & sen ' wos nod wuch deepor then he
shallow depth aazzested by e limsatome beds Consistent nicimesses of
bed Gy the limestone hed, mnd the shale intervel between ‘he limestons end
e bantonite indionte uniform deposition whloh &n view of the svidence Tor
shallaw weter depoedtlon susgeats o quiel sea ond o aild alimate. Wore
bad 2 fe enclosed in dark shale west af tha Litile Missouri Niver, ihe
soa prodably was alightly despor byt the feot ithat horisens at rather
wniform intervals can be treced (Pum the salearesus fecies into the derk
MMMWMM“MOW“MNMWQ
tw linestonoe

M™hersal anelyses of esmples of bamtonite from bed 2 (Plge 25, curves
a and b) indicate that the bentonlte in osmposed shisfly of montworillenits
with considerable amcumis of cslelle, selenite end other impuriticns Neerly
seven perosnt of one semple is conposed of sslenite and the eemtent of
salodum do nrobably as much se 10 peromte 'lerosceplo exminstions of
the sley reveal 'hat the saleite S8 presant in wery Lrresulsr graine most
of whioh show evidence of selutien by ground waters The therual curves
sazsent tant sodium end oalolus ers the deminent exiansesble lomsg however,
e Sen oxchanse measurenents of oue cemple {Table %y smple 17) indieste
more na:neslme then sodium or celciume
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ded ) & thin but sonspleusus stretum of very fspur: sley of woleanie
arizing oscurs 70 to 75 feot below the top of ihe Gssmen mamber o the
Plorre shales Bed 0 s enly ebout 1 1/2 feel thilek, but it iz very
persistent In the mertharn part of Jutte Ueunty, Seath Dakols end ie
provent in a few erposures in the western part of the diotrich fm T, 98 Ny
Re 67 Way Crook Counly, Wyouinge Fresumadly the bed also appears in
outoreps of Lo Cemson unit wileh axbent many miles to the marth of Yw
Slack Hille between thase twe localitiss, Jed i fa counposed of list
brownishegray, hard, plety olay whioh weothers 1isht gray or iverys ™e
bed commonly centalms o muoh as 20 paresnt eilt eise partisles snd a total
of 3 to 65 pervent nom clay minmerals. VYeabhersd surfaces of this hel are
eharectorinzed by alligetor hide textures and sre coumonly littered with
anall plates of hard olay.

Swalling and foundry dond testo mede on e swaple from bed | indleste
that this saterial hes practically ne celloidal preperties, which is wo
doubt 8 consequence of Ats Lmpure maturss MNeruel analysis curve of one
semple (Plge 23, curve o) alse shows by low inmtensiiles of charseteristie
resction thet olay uinersls do not make up a major portien of the beds
Semples of bod U studled by optisal nethode rovealsd that the non olay
ainerale consiet ohlefly of sngilar feldspar and quarts graine with tracen
of volosnio gless and dlotitee The bed dees nod apposr o have any
esonomic value and is degeribed only to couplete the study of ihe bentonite
dsponite of the distriot end boonuse (t doss serve ss en evosllent
stratd sraphle marier in a thiek sisssssion of shale where dissnostiic
horizons are otherwise missinge
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Bentonite bed I ocsurs st the bBasc of the Miten wmasber of the Morre
shales The bed consists of several stresta of dentanite separated by dariy,
fisedle shale pertingns Sed I L9 beet developed sod enpansd in the
drainmges of the Nerth end fouth Indisn Cresks in the northwostern part
of Butde County, Zouth Dmkotm, whers it ranges in ‘hlskness frem 8 1/2 to
12 foeks In the western part of the Indien Uresks neighborhood, the Mitten
saale exposures trend in a northwesterly directions This trond sontimues
well inte lontana Der beyond the arem of the presesdt invesiigstien snd Lo
diverted to the ssuthwost so that bed I 9 again present within the ares of
this report in Wie northwast part of Crook County, Vyeminge BSed I fs Mmown
to be present near the northern extent of lower Mtten outereps several
miles morthwest of AldMon, Hombame, wnd ihe bod hes also beem smpped in
Te 7 Sep %o 35 Loy Carter County, dontens on the westorn liub of the erouate
catarop patterns Sed I 40 much thimmer in the weeters part of the distriet
and $3 represemted im Crook County, “yamim: by less than thres Test of
tontonite interstretified with twe thin shale layerss ™e mature of the
thinning fros eant to weat §s Lllustrated grephienlly in Flge 22, If bed X
is & contimmous stratum os is suggested by ibs persistence in the aress
in which 4% has bown oxmsined, this bed must be present under light overw
barden dn & narrow sone alons the 100 sils long, sreuate outerep pattemn
«mmm«wummm{

Boonses bed I 1o composed of very low awelling bentonite and is
snslosed in soft dark shale, svod exposures of the bentonits bed are very
rarse In frech exposures the upper imwmon strets belov bed I and tho dark
“dtten shalas above the ded sppesr very mach alllm, bul on weathered
surfaoss the Jeswom 8'reis are charscterized by rusty gray colers end
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tends %6 Support loss plamt wowth than doss the Mittem wedt wiloh
wonthars w0 a darkt- ey s-oile Colar contrast between eolls davelaped
om the two units is often sufTlelent w determine the bdendary belween
then and, thepefore, o losale the positlem of bed Iy thie coler sonirast
is partioularly apparent on serial photosrephss ™he Mitten shiale is
distinetly mare rosistant then upper Smacon bede, and as a conseguenceo
bad I fregueatly comire under o thin alluvisl cover at the bmss of & low
SonPe

Thick portions of bed I in Butte Jouniy, South Dainte consist of ae
many 8 elit bentonite strata interstrati®liod with shale lagers up %o
nine lnshes talske The most persiotemt benloniie strata wilch sverasme
nesrly three fool in thicimese oosurs ad or near the base of 1.0 bede A
betonite stratus in the upper part o bad I fo sore than thoes feet Udak
in a cuthani of Nerth Indlan Ureel, bail moet bntonite strete in the
midile and upper part of bed I tend o be sach thimmer and lese porsistent
than the Silek layor ab the baoes As o rule the basal contast of bed I
as woll ae the lower limlts of bentonite sirate within the bed mre very
dietinet and form rether smooll surfacess Unlile most ather bentonite bede
apper boundaries of both the bed end bemtonilte strata within the bef tend
Lo be ahwrp or mariced enly by 8 tidn trenelifon sone of lnterlasdnated
shale and bentonites looally some of the thin benteniic and shale eirata
conlegea Iaterally into hicker unite so thal a sucossaiom of bentoniis
and Pwale strata ab one place say he poprosented a Cow mmired yords avey
by & single thicker bamdondte unll emalosed in shale siraise Sudh
variations in bed 1 inerease e dirficolty in detevalning which perts of
the bed are ninable deposlitio.
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Undisoolored bantonito in Bed I is greendsh sray bul this material
axidisen readily at or near the surfmce to iron stadined shades of yollow
ond arenges In the essiern pert of the diatrist the thlok lowernocsi
stratom of bentonite in ihe tod Lo darber groonioh grey ond tends te
retaln 1to oolor at the surfess noPe than thimmer strata hisher in (e
bede This retemtion of the grem color at the surfase indfcates Yhat droe
An thls atratan $s less sesily oxidised and may reflect & more intisele
assoaiation of Lron wiih olwy ninmeralse When "he water sontent Lo rathor
M the textare of the dentonlte in bad I Lo waay bul with #liht drying
the clay somwmes o premulor texiuree dmall (lees of dlotile ere ovemon
hroagdhwatl the beds Hany of the flaies sre waler roundad and mest of thes
are oriented parsllel ‘o the dedding planss indicating that the blotite wae
sonomtimiad by solfnentery rocasses rather U fovned siihlcenioallye
Soall fihrous selendto srystals are prosent in mmoh of the bowlond Lerend
are partisciorly abundant alon; jointse In the sestern part of the dlstriet
memmm'muwmmcfmm
these conaretions range frem slhit Ilnches to two feel ln dlameter snd are
sauposed of 2osese of heavily llmonite etalved gypeun and Tidroue saloites

Tenorotions in ghale strate above and below dad I conteln csvine
foseils indleating thai thds bantonliie bel wes deposited in a marine
mvironaonte e dark finesyrained palare of ihe enclesing ehale strata
Wuuwmamamu-&«mm
ghale ond Lte etrald graphieal marine egiivalenta ln Uwmt Corsation sogcsete
thiet bod I wan doposited fn rather deep marine waler at o comsidorable
distance ‘ras shores ‘lowever, the interetratifisation of shale with

bantonite and Interfingesing of strata within the bed do not conform with
ihe ciaractarisiion of deep oosan oF “ande sedluents as outlined bWy



114

e (1900 Pe P)s  he purc bemtonltc must de comcluded Lo represent
relatively rapdd accmmiiation o woloasls ash thus vreventin: somlamination
end dlasoloration By the dark marize shales wwee rate o depwaition oould
mol have boen greatly slowed by e Influx of ashe Intorsteatifisstion of
wore porsistent bentonite and stale lapors no doubt §2 a conseguenas o
pariodis acsumalsiion of woleanic ash wilh Intarvening pericde of deposition
of noraal marine shele, but this falls 0 sxplain *he loesl interiingering
of sexe of the piraba of pure bdontomits with shale and Lhe Wresenge of
loeol partings of shale within the bentomite layerse ihsence of sonbarted
bedding in the Sentonite and ehale oirate oppuses ‘he pessibility that all
of thess strate were invelv:d ln sulmearine mad “lows but does mot rule sut
the theary that the shale paPiin:s enslesed in dentonite wers deposfited by
demslity currents of viscous mads Such demelly surrents asy have ordrinated
in submarine mdflows on slopin: see “laws at conslderable distances froem
the northarn Slack Mllss Idthelosle d17%ermees hotwesn shale above and
bodow the bentonite hed suzrcests a oy in soures of soliuents or in seq
1evily elther of whteh woodd Iikely have bes neoompmniod by sowe arosends
movestond whloh sould have areated conditlens favorable for mal Tlowse
Prosawmbly the sen during end Zullowin: the scsmeilation af bed 1 wee
somerinat, dosper ‘han in che presedin: tice intervel as sugsested by
uniforn finsesrained nature of the shals in end sbove the dentonite bed
and the presence of nany Terrusinous sl celoarecus sonaretions snd some
aremacncas materiels in ehale bolow the bede

Non aley materials sverass absut 23 perosni of bed s Finer mon oley
matorioles mre composed shiefly of anpmler guarts end “wideper relnse

feme gypmsny fron oxldes, eand enlolte are precent sa wvell ns trases of
voloanio rless shards aod smny other minorals.
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Mt“qmm%wmwmmow-aw»m:ar
these oilt and “ine sandeaived particlec commist of subwrounde! and
fronted querts sreins, Saall greise of pyrite and atiwedral satietite
ore aleo present in the grite The lerge asount of water rounded pariicies
is wont probedly a comsequsmos of sandatone Mmeies developed in equiwnient
rocks Tarther weste “estriotien of Urelassous seme In lomtan~ ‘lme was
mariced by a pro-ressive emstwerd ol ting of eontineatal depooits as
outline by fecedde (19%4) and $4 ls lilkely that the west shore o the sea
in which bed I was deposited wan maich aloser Yo the Mack Hlle then at
tae tise of depositlen of older bentonite bedss
Meranl snalyvses (Flze 25}, lom sxohan ® messuresent [ ‘able % smuples
18 and 19} and commerciol tssts of bed I bentomite indionte it Lo composed
ehlefly of enlclum type bentanites Low tespereture endotnersiz reasilons
ronch thelr optisus at ebout 170%G, Wt aest of thes are not esaplotoed
wntdl tenparstures of 2309 are raseneds he majority of mwrves show
soms indicetion of a pecond reegtion ot absut 20070 sarrespesiine o
loss of vater from the Npirsated exdisnseable salotumm lomse ‘ndosthernle
reaction onised by loss of lattiocs water besine et sbout W070 mnd followe
in: a sll ht internediate pealk or & slowdowm of the resotlon remshss Lis
maxbaan ot about 675%. In most esdium bentonite this remeiion degine st
wuoh Bigher Lesperatures and is maoh sharpers lLoas of U water aver sudh
B brosd Fange of teapersturss in ded I dentenite Indicates thet ssue of
the hydronyls ere bound more seaurely Yian others and sa:cests soue
strustural 4ifferences betwoun bentenite in bed I and that in other bals
in e Vorthern Olask H1lls distriete Zod I Mentonite has wery “Wifh srem
bat lew dry ‘ouniry sand bondin: strengiis as do west celolus bentonitess
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A few suall erystale of pyrite weve obeerved in rit washed "ron
undiscslorsd portions of this eds Mis slneral 12 alce recomicable
in theraal awrves of e ondigcelored bentonite by e doable esothernie
remotion detwsen 5007 and JO0C which cspresponds to the resstion for
pyrite siven by Oris and Rowland (1944, ps 99)e Fyrite probably we es up
loge than two poroent of the bentonite and the alnerel dose not esowr in
finely divided pariialea as indicsted by the absence ¢f theroml reastlons
in e atms twe mioron frasiion of lhe undiseslorsd bemtonite.

The presense of limonite in dlacelored ventonite is lodicalad in the
w”muﬂ.maua)wmm.mam
Mmummmmmmnwmmm
mly & very weak reastien ‘o limonite socurved In the undivided asmple
Wi 8 renstion of moderate fntemsity escurred ia the sims two siovon
frastion of this materiel, Apparently the limemite sscurs in very Tine
pariicles mnt is slossly sasoeinied with the alege Amarﬁrm-
in the discolored portiens of bed I (Fige 29, civves © and 1) indioates
tiat sone of the lisonite 48 Yormed by oxidetion of thatl sinerale Howe
linenite alos sust form during the ovidatlen of sremm ferrous Lron of
the undisoolorsd clay % ferrie iron in Vie yellov bentonlies

SOURCE OF VOLOANIC ASH
With few oxceptlons, marine sireta enslosis: the denmtonite deds
ihieken wentward, end asny of the Tormstions intertongie in thet dirsstion
with etill thicker terrizsnous anitss Land weat of the present depesits
was the principal souree of sedisents and only e relatively acell velowme
came Trom land arcae in the sonticental imtorior. Voloanie esh derivatives



and tulfececus meterial in Crolegecus pasis slso inorease weelwerd,
spparently towsrd eenters af valesnisns in ldsho, morthweatern Utah, of
westors Montange e Mowry fotwetion $8 200 Teot thiak or lees and containa
about 19 pareent benlondte sand bamisnitlie shale in much of eastern Wysming
and westorn Jouth Dalotes In Tetom Counly, iyeming, in the westorn part
of the state, the Mowry Zormation has been deserided by roater (19047,
Pe 1I375A077) an shout 1,070 feet thiek snd as contalning as mush a8
25 peresnt bertonitlic meterialss The Aspen fsroatian wilah 4s in part
the sorrelaiive of the Nowry in vesterrmost Wysming end eastern ldehe
sonslsts of up to 2,000 feel of lerrisenc:s deposite in waleh Wi and ash
derivaiives arc vary abindanie In Upper Cretesecus sirate, terrizencue
sodizemta tend to extond much farither to the seel, bui there is no evidence
for ssouming that there wes eny majer shift in the scurses of the woloanie
materialoe

Setisfactory correlation of the bemtonile beds “ras the Slashk Hlle
19 e somialn rangses lyin: to the west has besm possidle anly for the
Clay Spar bentondte bede "™e Olay Spur bad aleng the «sstern flenk of the
My Torn Yowlaing averazes snly a few inehes thisker then fn the Wlask
11le reglone ‘he Clay Spar Sed In both re-lons la composed oilefly
nmoaitypormmumu. i eaphasiess the fmet lhat med
of rather wndlors conposition mas' heve boen sprood over & wery broad
arens Uther bentonite beds of both Upper and Lower Orstasesus age in
hmm»muuuwmmdmmm
L gn bentondte streta el coupsradle sleratl paphle pooitions in the ek
RERSE Y

Dabey (1929, pe 193) noted a westwnpd inorense in taleimess and in
U maount of sand simed partiolos in the Clay Bpur bed thresthweat the
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Siask 11s roglone In ine Northern Hlecst: Hlle eresa there 48 only o
liht westuard insrsase in thicdmess of hils beds ™e Olay Jpur is
shoul everagze thiscimess in a Mew pleess dn the e-sters part of the dliatriety
but sagh thlcknesson mre less pevolatent tham in the ceniral and vesters
parts of the districte Awvesivard increcse in seand slasd parilieles was
not sapperied by more then 0 crit esalyses of the Uley Spur bod sade
durin: the present invesiigations Thess analyses sucrcest thal pit
sateriels are controlled by locel conditions o depoaitiene e maomi of
it varles from place to place within each of the lows in which the
hilcker portions o the bed were deposited mnd in moet places the it
tends 1o be wors ahndant in the thismer pertiens of the beds

entonite bed © dses thicken markedly vestwerd snd thers is some
wvestyard incronse in the smount of grit saterfelss 2ed I, howewsr, ia
charnaterisel by a proncunced esstward ulckening wiloh sonirasts with ell
other evidence for the source of the ashe Apporently original sshes af
the bentonite beds in the Northern Slach Mlle distrist were deposited
#o far ‘Pom Lielr seurces ihat ‘hickmesses end dlstridutlon of smndesised
partioles wers controlled mers by eonditlons of depositions L .an by
distances ‘rom sourse snd mades of tremsporietione

INFLOMNGE OF COHDITIONS OF DEPOSIPION O TIR roMs: TION OF SUMVONITH
A£11 of the bdemton te deds fn the Sorthern Mlack Tlle distwriet except
dol A hove nltersd from ash Lhal wes deposited in merins avirommentss
Ged A wne orizinally laid downm in le-oons wiloh mey heve contained some
frean or droecidsh walerse Perts of the lagwene were well weotilated by
oxy sn boaring water as indicated Wy the orossebedded, rippleensried,
sandy ods whleh enclosed bed L et weny placess All other bentonite beds
ﬂu&mmum«mamuunwmmum
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environaents as indieated by thae dark coalor of the shales and thin sulphwme
rove saterial along joints and bdeddin: planese ™o lasonal wnsina in

whiah bed A ncoumaleted must have beon rathor snally therafafe, ‘he “ast
that bed A 18 Joolly very thisk suggeate that part of ‘he ash same frea
oulsidie the seall basinse 1¢ Lo unlikely thet finserrained ash eould
have bean ‘ransferre! ‘rem opon aeas lntc ‘he lajoon, tut it sesns prodable
that sone of the ash fell on noarby land surfeces and was carricl te the
lageone by atrennse

e rocks enclooin: bSemtondis beds fn true merine strate indieate
ihres waristions of marine conditionss 3ad 0§ and the Clay Spur bod weve
doposited in the unisually silicecus enviromscent represented by ha Yewry
shalee Jeds 0y, U, 7y and I are euslose! in ware common dark sarine shales
Ggd O in the lower pard of the Trecnhorn forsation indicetes acemmlation
o¢ ash in relatively shallow quiet water in vilch onloaresus shale and
merl wore celn: depositeds ‘herual enelyses and bmse exchenje meansurements
show thed both saletum and sodies type hentonite erc enclosed in rosis
representing the lamsomal and the wmamally silicesus, cslearesis, and
oomsen blagx shale somditions of depositions he eomolaslien maot Tallow
that differenaes in lasoonal and the weristions in marine environmentis have
very little effent om the fermation of bemtonites e possibllity thet
uamwumwr«amu&mm@mwn
not be veqiired for the formation of bentoniies

In & few looalitles Ded A comtalme bertonit. im whioh sodlum is by
far the most atundant exchaneabdle lon end in other localities exonan owble
ealsiiza is dJominemty bub in most plsses the bed probably consists of more
or loes even miztupes of the two typess e wardabllily of the tenlonlte
io we deadvt partly the resalt of irregularitiss in deposition ineluding
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seilnentary difTerentiotion of the parent meberislas Mach of the sslalus
say have bess inirodueed by ground watcar doosuss most af Lhs strats
suelosing the hentonite ore very pervicase Fossidly the eprlginel
couposition of the ash wes mush wors sodie then is indleated by he
bentonltoe

™e uppernost 40 feel of Mowry sirata and bmeal few fect of the Jelle
Fourche shiale are of partieslar interest beomise they eontaln thres
bentonile beds, twe of Whloh were depesited in umisually eilicecus
envirensent and one in more normal oonditions of marine sediseniations
e thiok Clay Spur bed nesr the top of the sillioceous Nowry shale ie shiefly
& sodlus type bentenite, But bed 3 which ccsurs 50 fest lower in the
formetion Lo essentially a low ewelling nléiu santonites Joth boda were
deposited in the sexe enviromaent and spparenily *helr post depositienel
histories have been fdenticals Sed 07, theugh secsurrin: only a fev oot
mm.owmu&.uommuuﬂmummq
represanting conditions of sedisentation sosewhat 41ffsrant from the
lower lwo beds, unm“uaummumuamm
end physical properties ss the Clay Spur bede ‘he cocurvenss of beth a
bod of enloium nnd s bed of sedlum type bemtonite in identicel deposiifonal
end disgonetie condition oam be explained sest loslesily » weristions
in the originel conposition of the ashe fodiuwas bdentomites in the silfcoous
and nonesiliovous shales Lo sest lilkely @ consaguence of aisilsrities in
the original compositlons of the sshems

Wnere bed 0 18 ensloss! in the aloarecus chales of the lower
mmtumcmmanarﬂmc
moderate ssount of sodiumy, and & relatively ssall saeont of caloiume Bed &
sverywhere containg mieh oslalum earbonats thet weuld provide a large
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supily of eslelum fomae "he fact thet mamesius and soldlus sre bolh

more sbundent than calolum in the presence of an sbundant supply o eslelum
fons indicatea ‘hat there mot be sowe structural remsons Tor he
soniacrillonite retaining sadius end semweiusms Jerhaps Uhe sodium

and sagnesiun are related to the compositlion of the ash from whioch bed O
foraed o

SMATIRAMIIC RANIE OF QALOIUM AN SODIUM IYPE 3JANTONIPE3

Sodlum o “dymin: tyge" bentonite is restricted to the uppersest
325 fest of Lower Crelacecus rocks comprising the Newsastle emd Howry
formations and the lowerasst 500 feet of the Upper Uretaceous rocks whieh
incliide the Bolle ‘ourshe siale and lower part of the irecnhorn forsation.
“WMMWMQWNM&"W*M“W.!&
fart of e Lower«</poer Oretesesis boundarre Jeodium bentaniie decveases
hmmmuntwummmﬂmnnaauma
above Lie lover Jreenhorn dedss Low swelling type bdentonlte has & cueh
arester stratl paphic range, In sddition t.ogclag atratl praphically
coextensive with the sedium Lype, 1% ossars at intervale througheut 1,500
fevl of Upper Cretaseces rosits estending %o the upper part of ihe Plerre
forsations festrictlon of sadium type bHentondie to elder rocks muy bde a
roflestion of ie orizinal sospesition o the sshe The sodius snd calofum
sontents o7 hentonits nesd o wary se little as one percent o ehenge the
properiies ‘rom one ype of benitonile to ihe others The wsloante
ejeatamenta that aceamulated in the Slsck 1i1ls near the end of the
Lower Orelscecus and in the early pert of Upper Oretasecus peried may
have eontalired slishtly more sodium then al any other Lises



ORISINAL CONPOSYTION OF M AGH

Ateupte have besn nade o entimate the original sempositlon of ‘he
eah rom sdorescople deturmination of the non slay minerals in the bentonite,
e msounts of such minersls the' ssn be sccurati-ly delercined ere ravely
& maoh ap ten peroent and are commonly less then Uwres peroont of the
bentonitles Lstimates of this iype ollew the saswaptilon thatl ocomposition
of phenocorysis in perphyritls imeous rooks are represenislive o the
wisley Lierefore the ldentiffable minerale in bantonite mre tanen to de
iniientive of the composition of the parent rocits The walidity of the
wethod ae applied o demtondte 12 mot beyond guesilon for the following
reasone’ (1) “est sowsellsd msh partisles in bentlonite are chsrastorised
by sarked angularity emd rarely siow the 'fecte of alt.ration and
solutlion, whoreas in moot deposlis enly ireces of veleanic zlass remain
in bentonites It is pot loglesl to ssoume thal the composition of susll
pereenta ss o unaltered fineegrained material 4s represcatative of very
large proportions of saterisl woich hae dess alnosl cemplolely amu;
(2) Anmalerity to the omly erlteria for separating many detrital non cley
minerale from greins thatl were origioal constituents of the ashe It is
sesuned that anguler relne are part of the ansh ond that subersunded
groing are deteitals dany non clay reins are suffleiently swall o de
atigaler in most condlilons of seilmentations 17 the Jarger gralns alone
ore considered the proporiions avallable for the sotimstes are reatly
reduced, and there fo 8till the poesibiliiy thel soms of the larzer
mmﬁamsw. (3) Any nom vitrio ash weuld vary in
apapoaltion with distence ‘ros source snd nede of iranspertation bessuse
of differcnces in spesific gravity of alnsaralss ™e composition of
mineral oraias in bentonite in the Mack 11lls area oo.ld 0ot be erxpeated



to be Ldentieal with that of phenecryeis in "he perent 1vecus antecial
AF 4t 49 asmumed Uhat the ash origineted as Tor weet ar centirel Idshes

Any ash ram which bentonile hos altered w=oild eonlain et lesnt ae
mish sillen as the bemionitey and srowably the ash would be even more
silislc than 1t alteration produste Hearly sll of the sore acld igneous
rosits contaln mere ®ilica 2han do mest ben‘oniies. Ceriaimly the
valeanions prodising sufTisient ash ‘o fora bentonite wers very explesive,
and thero is some ovidence thal seld laves are mich mere oxplesive thmn
basic oness In two places where the parsnt Wff of hentomiie 1s definitely
lknown, analyses glven by Matting (1933, pe 183) show that the parent
material contalos frem 12 to 19 peresnt sore sllliea than does the bantonite.

Cheaioal analyses of e bentonite Mram the Sorthern 3lack Fills
distriet thal are avalladle are all rem the Tlay Spur bede Theoe
snalyses sucgest & composition -mxgunuu exeept ‘ha proportions
of maghesiun are tes highe Tecmuse the originel ash wast have been risher
in silica than the bentonite, the origiral mat-rial was probably more 1ike
quarts latite or rhigolite in conposiiions

Composition of ihe ash elested by Crotaccous voleanses could not he
exposted Lo have remmined the omae threughout the periocd and minor
wartations in couposition mi-At resalt in m:ah crester variebilities in
the Bentonites Likewise sizliser bestonites aloht resultl from ashes of
different compesition by he romovel of Ei77grent oxides during the -
alteration provesses, If the somelusion that the Mirous onlelte in
bed ¥ 1o an alteration produst is sorreety the origioel composition of
that bed wos maeh more salole then sny other ash scsumiletion in the
northern Mack Mlles The large msount of anmlsr siltesised pariloles
in bed T sugeeats thal the orizinel mat: iml sonteinmed mich less volemmis
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glase than most other ash falls in the dlstriot, “vidence at Sand
coneerning the originel csupositlion of the ciier bYontonlis deds indlaestes
anly sli At verlations in sesposliloms that nave Been oxtlined elsmwere
in the texte

ALTSRATION OF THE ASH

Yoloanie slasses ars kncwn Lo be ssludle in slksline salutioms, and
ne doudt Minesrelined esh lying asburied on the sea Cloor weuld soon he
alterade It iz probadle thatl the alkeline atte & an the ash would beyin
even no Lie ash seibled in the sea weler wnd alleration would be mors of
less edveneed Lo esh thal was suspended ‘or some tiwe in the seeen befare
doposition wxl sariale Iwidence has been preseuted ssogesting partial
slteration of the ash in the silloesus lesines sone of the Clay Spar bed
prior ta flnal deposilions ‘lowever, the presense of wory swall glnes
sharis in beds 3 and Clay Jpur fe pras’ inet allevetlen of the thisker
wed honse 'he sove raplily duried portions of the ash has net bewn
conpleted in all of Upper Cretagsecus end Jenoole times The correlsilon
of the Wiloinesses of Use silloeous Tlosr and the heatonits in he Ulay
Spar bed indieaten that the sillies wee losshed dewowsrd frem ihe destonite
by the movesent of grownd walere “oes wod lendricks (199, pe O7) heve
painted oul tant dmmword moweuent of waler could ael teie vlaoce in the
stending vater of e laks wod ssms Presemably mest of the allles was
lsached fron the bantonite after the elewatlon & the Wlsd: Mlls erea
above ase level &n Inte Cretssecus time end sost of the altereiion of the
ssh tosk plece durin: ‘He lesshinge

Fartsar evilence Tt alteraiien of the ash tosk plase chlefly
after uplift above sen lewel &8 presast in the fltwsss ealelte Jeint
derooits vhich oseur in medy denlonite dels i are mos: slundent in
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bed Fe The sbaenve of ibrous csrbomaten in ihe avales enclosing lhe
bentonite bode sugmmets thet the csleite 85 o praduct of the alteration
of the ashy ‘Those portions of the ash ihat wers rioh in eslofum would
probebly be ssons the 7iret altered becsuse eslele rich rosks are
relatively unsteble as indlsated by the aminergl stabdbility serles in
weatherin: by Ooldish (1058, pe 5B} Fresence of caloite joint
deposits up to two inches thisk suzgesis that preminemt loinls were
formed in the ash and thal there was some laters. coveaent of water
within the bed sefors the alteration hai progreseed very fars Frouinent
jolnta gould net form in soft subagueois sediments, mer is Lt likely that
erasis o8 much as twe inches across would Torm in msh or WY unier
several thousand Teet of resk stratae Jolnts may heve “ormed in bed A
al tre alose of Newemstls llme when econditioms ofdeposition chengsd rom
nesr shore o moderstely deep merines ALl bentenlte beds above bed A
are overinin by thick suseceslons of rosks ropreseniing contimicus marine
deposition unii] the slose of Fox /ills times Frominemt joints wers not
1ikely to have been formed An theco beds until the upldft of Use Slack
Hlls in late Crelssecus oF early Tertiary times It {2 oven mors 1ikely
that the periods of greetest uplift 4id mot ocowr in the morthern 3lack
Aills until after the Tocene epesh and by el time part of the Upper
Oretasesis strate hed dew strip ed from the reglon so the Yentoniite beds
were nol 80 deeply barieds
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In the Narthern Hlack Mills dlstrist a hard chertlile Tloor ig most
proairently developsd banesihy the Olsy Spur bed watl stirete 2 1o | inches
thizk bdelow deds A, 4 and ¥ alee have deen loanlly roinforeed with
silicas Jilleesus Tloors have ales besm noted under dentonite beds
Uiros hoat Uilek seetione of Oratscecus rocks in parts of Jentene snd
central ¥pominge Nelation of thiokmess of Wie Olay Spur bed to the
silicecue “loor bdelew the bed and umesusl herdness of Howry shale ad jasent
o jolnia just below tha floor indloates thatl silics was lesshed Trem
bontonite by ground water doring or after alteretion of ash to bentendtes
Uimiiar reloations wetween prominence of the lsor and higimess of
berstonlie have been notal iy the mithor in wentonite deds of both Upper
and Lower Upetassoas ace on the northesst flank of the 3z Torn Heuntelnss

Develapmont of the sillewous leor depends on the “ellewln: Pacters)
(1) fmount of siliss in originel ssh and thi ciness of the bed, both of
whldh are more or lass proporiisnal Lo 1:is sepant of silics sontriluted
to the flesre (2) Uriginoal #ilice sontent of sitrata below the dantonlies
One of the chief remsons for the prominent losrs below he Ulay Spur and
other thirner beds In the JMowry swnle 18 thal these mireis ori iselly
sontained as midh as 00 percent silicose Unly asell sdditions of siliecs
are neceussry ‘o make such sirate herd and ohwertilike, wher-ss almiler
susll additfons Lo other types of dark shales =i-ht mot be netisede
(3) ¥aen vory pervious strate oeour belov the bentonite, the silios i
1ikely ' be so dispersed thet no prominent floor is Tormed, Whers bed A
reois on sendstone, ‘he rook is cummonly emly sli ity less frisble than
sanisions elsevhere in the formetions Wmers carbonssscus shsle underlies
bed 4, it L2 much herder and sere platy then gl places where ithe bentonite
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Table Jewmiusanry of the sharasteristies of the bemlenite beds of the
Horthern Slack Hills distriet

welitnz Characteristie Ferosnt ‘nvironaent
enpacity sxzehengeable nom olay of
ionn astorials deposition
very low Oa 1020 norunl merine
{dark shale)
vory low T Ry ] norwal asrine
‘ (dwrk shale)
low Hgs Cay Fa e’ salosrasus
maring
low %o Y 1505 rorsal aarine
nih . (dark shale)
M - 2035  norsel serise
(dnrk snale)
vory ai fml 10w20 noraal serine
" (dari shale)
hizh to Hay Ong Mg 10w
wvory hih silioncun
nmarineg
vory low H oowason in 1525 wnasual ly
wosthered olay siliseous
anrine
low to Fa and On 10«75 nenr shope
very high
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bed is nol present.

QOROLUSIONS

Hontmorillonite is essentially the only sley mineral present in the
bentonite of the northern Slack /illse Nontronite, the iron rich mineral
of the monimorillonite sroups; is not present in sulficimmt amounts, even
in the reddest bentonite, %0 bde recosnized by thermal analysis meihoda,
fleerly all physiosl properties of bentonite are directly related to
mineralosionl charscleristices Oodium ie the dominats exchangesble ien
in hirsh colloidal bentonite but the presence o some exchangeable oaloium,
mammenium or hydrogen sppesre Lo be essentiale /As smounts of erehangeadle
fone oather than sodium incrense beyord a Cew percent, there {9 a tendonay
for colloddality to decrems:y, and the colloidal proverties of essentially
pure oalclium, magnesiumy, and hydrogen bdentonites are very low as compared
to sodium bentonites Hon clay meterials set as dilutanis, and in deds
containing comuercial quality bentonite, theve meterials commonly make up
o8 little as 1) persent but rerely mere then 25 percent of the claye
Influence of non clay materiale is commonly obseured by development of
solloldal properties controlled by other factorss

Godiun bentonite Lo present in rocits thal ranse from the Neweastle
sandstone to the lower Oreemhorn bedss T™e purest and most persistent
sodiun bentonite beds occur within a few feel straligrephlcally from the
boundary between Lhe Lower and Upper Cretacecus seriess Caleium bdentonite
is ocoextenaive with the sodlum type end in addition coccurs in 1,700 fect
of younger rackse

The bentonite beds and enclesing sirsta indicate that wlcasnele nsh
was deposited in lezoons end in wariations of warine envirensenis
reprenenting unusunlly silicecus, calesreous, and dsrk shele types of



132
sedinentations HBoth sodlum sand caleiwma bentonile coeur in all of the
conditions of deposition represented; therefore, these variations have
little ef'fecl on the Tormation of bentonites Fresemce of boith sodium and )
caloium bentonite within streta representing identioal ms#m of
depoaition and post depositional histories polnts to differences in
original composition of ashese CUretececus palescgeography »nd regional
stratigraphy indloates that sources of’ volecanic ash wers Irom the wests
Varistions in thiocimesses and non clay contents of bentonite within the
distrlct were controlled by loonl conditions of deposition rather than
distances from sources

Small portions of the bentonite may have been altered prior to burial,
but most of the alteration probably took plmce alter the Focene eposchs
Hovenent of silica downward to form chertelike floors below bentonite beds
oould only have taken place after uplift adbove sea level in the latter part
of the Oretaseous periede Fibroue ealsite joint deposits mey represent |
one of the Tirst alteration producta hecmuse ealede rioh minerals are
meong the least stable constituents of immecus rockse lssures end joints
in which the saleite ascoumalated were most likely formed during perieds of
disstrophism af'ter pert of the thiek sedimentary cover hed been stripped
from the reglons ‘reatest uplift of the Black lls omme after ths Zocene
epooch and by that time mugh of the Upper Cretaceous strats hed been
etripped Trom the northern 5lack Hillse

Low eolloidality of the undiscolored portions of the Clay Spur bed 48
probably a consequence of the purity of the exchangeable ontions or
equilivrivm conditions thet exist between the exciangeable ions and
the water in the clays Colleoidality is inorensed when small proportions
of sodium are replsced by oalolum, hydrogen, or possibly other cetions,
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™is exghtnse precess ooemonly lakes plece durin. the oxidation b wilch
tie hemtonite is diesolored %o olive sremme ™Mo ofVest of amall amomis
of calolumy hyiroyenm or other lens 18 o arsate lisorder in the erieniation
of the water leyors between od jacenl mentmerillonite (lsies whleh weuld
allow sddliilonel weler to entoer move easily.

Varveliis interiasinated il end dark oolored bentonite in the uppoer
part of the Clay Spur bemtenite represent sesconsl ascumalationse The dark
lestinse wore Tormed by discsloration of wolesnic sedimmmtis by erganie and
shnle flepuritless Dark mat. risls were prodadly introtuesd doring the wem
months of the your when rainfall on len! aress wao heavissie Thicimosees
of the lay Spur bed and the superissent some of sillescus laminae ary in
direct proportion to cach other, this relationship indlestes that they
were doposited on sn undulating sarfaces This suwrfase mist have had a
ralief of at lesot 12 foel and may represent the uppor surfmos of glant

ripploeneris,.
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