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INTRODUCTION 

SCOPE AND PURPOSE OF THE REPORT 

Extensive deposits of bentonite are present in the 3retaceous 

sedimentary rock strata cropoing out on the northern flank of the Black 

Hills. These deposits have been the subject of a study by the U. S. 

Geolo-ical 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 discussed. 
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strati "WU, poeitios if 'osimetton mot' in101V.V.: Its 

extant 56, s sant, mew in the dork. mArtne wwIte 4h1oh fyintwom auell 

phaelemeLLe end pspolfereas nodules, Nowhere in the ;oath lelaes p.lrtlin 0' 

the 41.triet Is '.kill son* stellitiont4 doft4sped to elnstItote a s01* 

matte  A. eastward thinain *Iwo rammation is Umally Interrupted W 

thtek aoestee seadatoneleasas. Ise see. 2111  T. ld Me. 1. gl Jim* 

:;e4mstre  grade 4 the :erslition eemslots eels 1$ lashes og platys  

mallatene WM. • this ease of' windy shaft iM ooshien 26 4irt 

the'. ore township. whiAls Ws In the. direction if the Wogs& the 

fessiettas is ropiresental tip • tense of of isee•beddell austatoes that ids 21 

Irma NW*. Rovemetl• forestial" oeposed eleef-, the a-ll o' the Ottiosio 

Cry entlettne eastethis Was .mss  senitstene *trete *at least asoatio 

LIMOS wasts* presentla In the Odom antielteoi  low ti us ?OW Wee 

north of the Ohlas., 4Posil straggler.. the Sereestile •ortaation to ropreoest• 

satp by a ireop Wm sandy see* In dash testtne 'holed, 

ilite moot detailed elates sir the Reweedetto ftwiimsttatt him boon nolo 

on ihe eastern flank or she naeh fluA 110M4N1 ene or OPP mite within tho 

feineetteee  the "At* osoll'ip hes srio)del onnolderebto esaanta orn• petooten. 

teen terns *Pumped straLlirepkie trope. Moss Mee p. MAO) resembled 

%et the 14eapoestle esedeteee see gepootteit In • esor shore efortronavvt. end 

selvetod that ports of tho bootie. eesemaleted steer Misuse end la 

Imams while OW sandy shale per%tens et' the men repr•osstal depesities 

teepee MN rise eater* Oollieris theories %aye ~kW boom *tome), 

sorPeriall tir (*Ads, (1.9119 pa 4540) oho Sosterproted us* of the Neesostple 

esnieteso ea repreofintIng now Store aid beta ilepootto awl peeteleted en 

uplift sr the vial niseh with possible ospossre or t meatiest 
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perIns the forme- ion rta.,,  oven repro!lert he s'-- re bora that en. 

amrInd lnoons. 

!)01\1:.: • :,rement, in n;tt,crops of the ;..ewcaatle 1 tOrie 

in sec. 11. T. 57 .. 65 ' rook. qhmole bentonite 

beds nre separate R. strr.ti.Taphically hy 10 1/2 n'1.11.e. 'out 

both beds rest on tiro im.;/ur0 beds arx nre overlain hy ar7illacooua 

siltstoe. Ole cyclic c'igetto:eristica of 'mess two aftries s{.r,, A. 

inAiente an untasuml repetiaon or local dep*sitl-nal tonlitions. 1hese two 

cycles NI -. ht 'Arlie been mused by alntuations or tie* level or t..fo Ntriods 

of elevations o. to isnl -renz. •=ley can alfso he expinined by a mi-ratior 

of lavvoqa alon4 a contr.. line durin .  n 11.1 porIld oV sihner7ence. 

}eposition of both coaly me:erinl and volcanic ash 7.roheably wms restrictged 

to t'le deeper morr quiet portions c$3-  eAsllo -1:e presence of one 

conl, benonite, ,ni sards!,,,ne eer's above anotYter 7ay r-rrPrent only 

!te timin- o!.  an ash rail AI'len on& .1i-rotary lwvon was located above 

olier ln-oonal lopo:Atn. 

3ilLioeus HowTA', silleleols Mowry shale in the upper me 

fnration o! 2:e lover ,:ret.ecaliAs aerion. lecaqse or !to rl.fe.ive hardne:41 

and resists:Ice -,() erosion. the nowy is one of the oet cons9ioll Is 

formations in the horth,:rn Max* 'Allis lentoniLe district. 

formation elnuints chiefly of' wed a of hard siliceous shale interbedded with 

strrta 0'-• bentonite and sabordinate ftolnt.1 07 A.14 mmtvrtel. rhe 

shale is dark brownish..iray and 'Ins m subconchoiaal fract ure. waothered 

material is kJ .ht silvery :.rayy and in mot plsces wont:1-rin -  is acnompanied 

!Yy n mli In,.reare in hardnesn. vis't1 oonsintin o: vertebrae, 

fine, 411 covers and somleel. are abundant "Aroudlocat the -7mir'mr.tion. 

Powdery yellow slif?Ar deposits ars present alan7 both vertical jointa and 
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0 • e orr • I qn. t.'149 Ar• !)fart. 4n't I e teovrily 

.r7 1 7 t,41,19 Viii twin!, 4.7K.3-rqta• ::!Iflo tow ern.::trArcN* 0' 4.:* 

beds t sV7 i4 -frvoskv,Ife, riqIN %%at. pr:'eert 

leventvtt, etrat....1 t" :10 l'ort a .' -..). 7*.• tie.r;m)rfiv. 

e'"Ie t.t./+ ,44A.r4 tetele. :*).11.a ith4strk 

elate strittu:1 is f5 'st,  etrA5'.1 7":14  tt t At 

hitle Neon nstand 7)w-try la')PAle 4,11tkr (192f', 4, -c!) "or exposurroe en the 
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of the upper 2reenh.rn beds* 

Bentonite bed oaatrs :::)) to 60 feet above 1:01 base of oin lreonhorn 

formation in the eastern pert cr.' .!rhe distrlet wiere the lower ..ireenhorn bode 

are pr sew,* jed pasnen 1714.4 tie dark shale facies as the lower reonhorn 

strata .7%10 in-_.o the lea le male. In exposures on the west side of 

he 'Attie Assf)uri A.ver valley, bed -f is s posed feet bel(y: the to of 

the 3e11e .;yarele as le* j'artlar to the noAthwest still -7ate- :.'licknesses 

of dark shale *re present above the bentonite bed. 

Oarlile shake*....The shale on the northern flank or the .31aek 

iille in aboat Jal feet thick and is -Ade up of three members which can be 

distirvais'led readily. ie lowermool. unit, en unnamed member, is composed 

of dark. ..ray, tissile s'iale in which both calcareous and ferrAinoue eon« 

cretIons are abundant. ,he calcareous concretions are subephorical in s'lape 

with diameters raiving Prom 1 1/2 to 3 feet, and meet of then are permeated 

with calcite filled cracks and hive poorly developed cone.inmeone stracture* 

No Cerra inoas concretions are restricted to a :one 10 to 20 feet thick 

at the top of the member* These flat oval.ohaped oonaretions are ordinarily 

leas than 4 inches by 1 1/2 root in size. litn onlored bentonite sed.- 

are ?resent in the middle and lower parts of the member in some exposures, 

'lt none of the hentonitie attains the dillenelons demanded of com..4erciol 

deposits* looms* of its soft nature' eTposArrs or the lower Carlile 

rAember re not oomuon* - Ale unit is about 90 Lest think north of lelle 

,burche, Arath Dakota, Nat it increases o nearly 1,50 feet in the western 

part of i,.4.00k County, Wyominn. 

rho Airnor sandy shale is the medial 3ember of t e Carlile ormation* 

she Ilarner unit is composed of dark mrlsle 1;lat contains _..1.1ny limoatlTle 

concrationn, 11.:tht.mgray sandstone lenses and aFtAy shale. Locally the 
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by low -Tess—covered ril -es. "he - lills sands'ene lies north of the 

area covered by the -oolo -ic ma)). 

1=IARY AND QUATERNARY SURFICIAL EATURES 

The southern marein of the district under discussion lies within the 

northern foothills of the 31ack Aills, a fairly rugeed croup of mountains 

in an unelaciated portion of the Aiseouri Plateau section of the great, 

A loins province (Fenneman, 1931, 1) about 150 miles east of the Rocky 

ountains. the bedrock underlying; th(r district is lereely concealed by 

soil en3 by surficial materials deposited by streams dlrin -  late 'ertiary 

and '4uaternary time. 

The surface of the district is only moderately disseOted, with a total 

relief of about 1,00') feet. In an overall sense, its slope is gentle and 

downward toward the north, away from the molntaineus area of the 31ack 

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, about 3,000 feet above 

sea level alone the 3elle Fourche River near the town of 3elle ourche, 

lies 3 1/2 miles of the most southerly section line of the district. 

ixtenlin in a northeasterly direction approximately across the center 

of the: district is a dreinaee divide, on the west side of which the rune 

c)' drains ir.to Little Missolri River and, on the east side, into Belle 

cyJrc'ae River. 

The eewornhic history of :;he district is known only in broad outline. 

Nearly all the sediments ofl the exposed Cretaceous bedrock formations were 

deposited in en epicontinental sea which disappeared in late Cretaceous 

time. After departure of the sea, and continuing into early Amtiary time, 
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T.:1 A 

tentemIte t.".1 A *caws in t'ta Nowsestio send-."Jone formation pout Le 

oextsfsnai ealln4 he =lesseatle hentonito A '1* (1 elov. be Werrts-! 

to qr qa0MALsn (11,16 aw9) es th. bentantte bed et tls base of the *wry 

Shale. cithin tip district +c tau et' bed A are reetri-te4 rev,* :t y, 

wyeein40 *hero ovIenotlroll o" the bed appear ints_v3itter:tly ov,i,  a lis'enee 

niisas eatendln, rill* the not part n' 7, 5A NO  Ro to the 

mrftemet (Dormer nf :e 56 no  66 "to  %al A weirs oat eempige.ely beneath 

ft -evered sone s :shirt diatoms* bironA its easternmost outer*, es that bed 

im mot present in avowal oe the Netoestlt,  sandstone in tae western peirt 

or the mot towns410 to 'AG emote ''ho Neweastile f.armatten iteolf wedges out 

its* than nine /glee new.hesst ef the easternmost enposaree they to tea 

mintmite is known to be present in ths Neweastle sendstenv beyond the weetm 

ern limits et bed A outsimpol,7* 16 Ntip 34,  IA 64p, lomt loesealos e po4r 

eapoeures4 stratifireplie unoevtaintlesio gni mnfeverable *Mn-iemnditism, 

the pin • bed A woo no4  earrted hrt,e104 1.8st limit. 

* A is a leennticer,.le etrle% %hat is n-rt pros'-.mot, in wimp,: "Alt era* 

or the Newcastle staftle%lnes int ever ',oat 0: 1.':* eat" ool erten.,  •.h0  bed Is 

4111(mill:seta& V thliamoseedi of three to 'lee ftmt, arl et tit foot of howoolw 

it* to prm*ew. in svtny vApootsres of ).10 hied, kt covt 1"aft1i'y in 000. 611 

1.6 62 Ws, 4r-ok 4041v44 .ifonsin'!, bentonite bed A is 30 nowt Wilidu 

It to VW. the YO f'ect thtoknose le very pereistm' bps, ne000, 

f.0,1Ares reveal less than five .ve't s beeltemite. 11. lonticulft, mtutre 

• to ot tom4otnno beds eseseiated wilAh 4,s.sio Ivry '!.;"*Iqk PartAw . A 

'W sat that the deposit resat: sr from• elle.Aoen*ret1on o- vtoentl sal in a 

e Ai.nn4a1 ',Aprmod Illy either otree: or 'tied .twee!. s. 
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within the aistrict, end Wu rotations o' lord A cq .he sap *1.1 

rr tie ,..r.,etion ars n ,.sntorme in **** 7, % N•II t• t ' 

is lees than six rep aaolto VA, contnot betweco isawcatote- 

ond the and ar ly l i tw.4 ae i eye  to,at loss 1,1,01 r'skar Niteit nor:;voNst 

of that 00400, obalit f'oet AW0G4Otle 4,1,6 prow,W z),  lo 

berni°11 4.44. Lftrthor wet, *to Little AlsaoArt liver, !,his }vase as 

SOOdOimitt is more uni'ftroo eni bed A Grape ost neer the ylLitto 00' the 

Ormsettsso in most otpsorte44 a brod $1 Astr imps re wool or earboseessas 

*gals la present below tlha bentonite bed and **a21 fres-4sta er therosel 

ars oais An In the lover port • *,..e bentonte* softly s t rIt r. is4,1. 

assally herd 9A4 weather* (As • small be, prItsin•nt Avers 

0011110004tis emIttUm it* 4011,11«, qin#00j,44 fted c,xv2:ol.• no am! art,  

preemet invdWely 401en. het belmtsnite **is  vred tAs uppermoot ono to 'live 

ioelArts or thefte ftranftewmis 6.4* stir Vamolly 'Per, herd .1.,49.11 silt:tows, 'mot 

;xi most please Uhl* san4 is alsoos:. es ;''rift-alio as sandstone in eAse torte 

4,v,,  the flrmatlan*  Pitc contact '.tetween the bentonite and L:141 lnaerlytof. 

roe*. to vev.y distinct* lie rlov ot 1104 A is sa-!Isiontiy Inaurstod to 

sop; Ort 'wavy ni n, squlploww. or tip permit kh,o tvon tle 

vr t. or tNe bent/mite wiAmat unfit* eantsstastion of tor,;eeireble rotterisii* 

in molik, oiAterepe bed A is overlain 1, Ortalitt sandot4ne end eiltst,,,..te. 

tut in a f:e0 pieces .7.711y. sort, 441%v *Ale is pro sent 40Wonic, 

and -IC. ether * thin stroto,  of' 140pore esql *veal.* !:sit) 30116 

:hfit eon sat b,twve5n 141e :Aset•onitgo and tle osperiseent **Aerials Is etithcr 

very iiiptinot or at a rodstions4 Bone oni'? %41, tix , 11:11g4 

Aewenotle Node abev ;led A rer::* tothillomea Trim 20 'All 3) root  t/14 

Ionsist ca sanistona and siltstople with osboritnete osownts *t .4^10a 
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b•heite *trete n An nVs'rllarien car fta.77117 be rer- Iltimd y '-vskvy 

ollipaont but Ar. fool—, resistant t'Ico the boatel b1etc I o t:Ae 

wry f..armstion. rocetanos of thews liereestle etr,itr to 

ae.c•icirnt to ',W,1% asali ri&.34,4 eel for al 11 slops, seppinr, the) .,..intonito 

„104 and ie larmay responsible tor Vie aloInt V bed A bentonito 

aftler 11.4t overburden. 'Ale revel 'eworat)le:,  taiwar localities aro vitiated 

voc.re bed k is copvd 5y vontle dippin .1"4,o0e3t1, strata in t. es northwoot 

p‘rt .'46  )4 F.. r. 4.1, nr,3 t'10,  southe4st rrt If 7, N. 441  

rv-A in the crIntrol portions of the broad lov !lorth antiqll in the 

western part o' %,10 w.. -.rook -:Ganty, 

oqt1r3pe o. ood A art' ,Inreote-leed Aevelopod 

popoorn eirseesi  'krt. ports of the weathered *Arrests of this Sod heiro en 

gall- tor `tile tovt4re. :rpritla eel mite and "1.,,‘Ipente o ribrais 

ocamite or,  aorp:son on soave outcrops o‘ bed A. lie *Dior 4:•!* the site 

is from olive., reoq t* Iri,)wniehmplray aith irtermediAto sh*deo or 

greentohahray en brilini1:14.mray. 74omonly the 11 '''Ap seloreJ bor:tonits 

extends to t top of the bed ,Istd ipariottotie in suds ?AIM Piro prooent aro 

ttritmertly lentic4lor in °ratline. In places the , etorSal 1041.0ent to 

loin's or *rooks IA the beriVglit RU1'1 iaOsmr VAan there of the 110A. 

Ativ =lark materiel Appears to vtr seem etntneri by mall ammramts of fir,zotnio 

so tern .44dier ittoruldereds ovrrbartion VI* bentoA,Le is InithClvtroty. a 00101,  

Wait osidislos near tqc s4rrItc. to 11 -..tc,r (ow.. dtea4allon sr 

neer sqrrese discoloration crs` the bentonito tto4or the Alky,  41ur bed s 

losses* e' tta poraa not4re or oaDoresswit san.lenr el o"Atito4 

or disoolorod portions o-  14 f, imAtr4 14 ;Tinter dopthn a!-.1 aft w oe  

dearly related to .Ple 'taps 1s oenf4;watIon or Vle le, ..$1 earfuls as 

in other bode where the noterlel &dove t.!%* bent:mite to oomposed of 



meopArati d ly inru.rvickte s Ialae 

'11r non clay material, of bed A ran's .`roa 10 to abeytt 5  ptircent 

tpe bentonite. ;he Maar deed partials* eamist o: very em-gler quarto 

end feldspar mil *User amounts of aotite, seleadtt•  Rnd iron *Kilo*. 

Zirwots 4t vsleenie Jac', a4 many other accessory ninerele au,  *los 

preoest. suede up as Odah as 13 per.-0,  o ssip1es tested. viva 

it is probable tha!: in ease parts VI* be4 the proportler o lilt is 

even ouchtii hr r. ANtroAmetely 31 p-roont or the lrlt ecmvwsel 0' 

slew eubnn ulpr querts. .:"to ulmmining 20 person! is made up of rflAnded 

mosso* of linorito0  'nth molded sad sighadrel of tt is tlakeep eelerlte, 

and tram,* of auseovite, -Arnet, *phones magnetite* Jess s'larie and avail 

rounded grains or 'cry ._then-r,reined sebiet4 .letrltal quarts in taro" 

• kit e aoncorms with evitiewas presontei for the 'oar after* 41,,pouition 

• Ut battonite• Fromm* rowsdeal bio%ite '.1akett tkr,  *le s detri 

but 04* outhodrftl "Wan were probably a port. V' the vs1 awl. 110 

most Moly *tetras of schistose iretne le in the °antral prem.AwA*Aan 

more or the ilaok line, end presoneo in the bew.onite mgy support 

the theory that prewAvibrImn r,oks wor, ompiesi in the oertrAl 11.0k lino 

tleceastio tits*. 

lhorsisi analyse* seems 10 d A hontonite from 'tine lottatAty 

I.3 OWV0 0) revealed the siodilm La 1-'1t,  *hie' otehe-nqoahl4 ti 

that inlaccoos th* wolt,yr in :,he montoorillonitA0  whores* i'entonito rraa 

• dimooni lestalit$ ( t .  10, carve d) io charaoterisel by 114oh **WM 

bstr., n! water. holm r000lts cot''ors with the ion ene4engo data (7able 40  

041,114 1.e.4 24 rind eammoreial beet5er the 4470. 1000 of the *Inq Iva 

bed A (samples she win-: istorlayer *rotor itelAenewl b? *odium) hes 

very hi)h swellin' **pacifie* and, llent drilling mod proportiee, but 
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44. loci 04 4e0.4-niatv....-,1v '1,,41.%enIto 2 roe+, soma • 
r • 4j,  if. .., -rook qyfiatin --• 

• .mod 4 114at gestorod !*14. 9 to shoe Ude:4 sea. 5, 
• A See fi• it,. ..:rcrAt iivorsinti• 

Jed kip  It ht tstaciprod 'Nsintonlias 4 feet 5 Inc -,es *60. 
r. !:,* la  62 r, a, -;roolg .;iswevtlre  $youln 

d* led A, 11 h t. etillore4 Imintorit* $ :'*et 2 inohts5 *co. a„ 
.6 Ne. • '7)2 a... :01nty. Wiellitv;* 

8, -16 II -‘.. :In/wed bee'..)nite 3 inete* thick, sec. 34, • 53 21.*  

•• •otis' ,y, 

:143.1 ,411191hesb bastaitite I toot 7 iv 1.4 -11 
.• •••• 41 O.. Cry cowry, 

Ts. :`1sv :par bed, light eel r*1 SetV.-evrtite 1 etziot truphor, 

141C* y'Sp .• 9 3•• le 55 • *6  ,7-erver Ilfttarva, 

h• bodo  11:.,tvt. **tared *etntoraito 1 root ".nc•-,os thtfilti 
*50. 3 4 *:40♦0 ...441  ,sr.rok -olnty, 

S.• 7-;114r moter fsd Sonton'. • 12 itytieuto -;‘,h1 ono* 5Y, 
. 40 58 144,411 ''• 6 t4*. 1-,r(1 k 4 ,ritr, 

Qlsky •44,tr mod„ **loomed 4ontonits fo,A I inoA t'i,:t7r44 
Lit) aeon t, t>..ertet aniklyeete In curve I. 
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mmoh or the fla'-eriml '-row !Ate bed (see?Ic‘..ir wh'ah in wets/. Is 

In'lleneed 4 °claims) *swells ory little and to =suitable nec in 

41'11111,7 ao-Ads* -•'hyrmil oqrvos o' via inwer Li ooloreA end up:mr 4ark 

stmt.'s* in bed A at e 1;11rd 10-*114 (ri.  IN twee* e *'- b) ittlioate 

titat the water in both pare *!* 1.',10 bed Is in 'Wowed b.4  ealciu• In the 

sample fros the um-er dark Nortnitel. en endotoersio peek at about 1i/On  

ea:luta the present* of s Mite, 

1, 3 

BentonIto bed 3 me ?s in ',he ap-;,er pert of the '.torery seialx,  30 t 55 

feet 'below the Cifty Zpur 541,4#  -Us bed is only 10 t)o In inePtes 44t 

It is very persistent tear} con be in almost every expos4r4r, qv-  upper 

14nery strsts. SIlleoome *hale enclm:=In!!: 9sos bed *tends in steep cry banks 

sod meets Pomo erd bed id is rarely present ItOor oviorburJen* 

lamas skeeseiv- ce.v^r sthi ,Anrevorabls thienses, bed 3 cannot, be 

considered es a peeolble searee e bentonite* Nit bed 1* intermit 

bootwoe It wee deposite4 in an ervirent very stailqr itt:' the. ?t 

Spur bed exA tie tae :ore V?te poet depooitienel elt,-.30atten, other 

tan :.`ice. resvalUlt:  :roe *Wrerose* In oempositten ori•Inal *she 

4411t, heiv been elate t identieel Per the two *Mc. led 3 was deposited on 

4 smooth pea floor below quiet vwrine water me In:limited by V'xt :Alters 

thieb‘eee and persicLonee of the **I strd Vie presence or marine fossils 

in the snolooliK shelf.* :be bennitAt 'bed is amrseterlsed by s sharp 

Sawa contest bat Irmior mower& it 4t suporlItctrit Oale t,Irots7h a 'hiss 

sem* or interlostnated shale er4 bentonite, Ist Visor the bed eonmists 

et a mono o' toaserial tint is approximately ens 1n6h tAtAgio 

Oke ebertilks motorist is distIn4tly herder 'Ann thy atoslaeast siliaeoua 
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shale. 

Asa rule wtorops of-  b.rl 3 are 11,11t yellowish 4ray and are 

characterised by powdery or allior hide tortures. :.ndiscolored emdes 

or bluieboolmay bentonite cocsonly persist to within a .-ew inetes of the 

surface or this bed. •- )s per of t)-  unlisollored dry near the 

surfase seerum to be wore t. en a Panotton cf t.hA heavy overburden and 

probably indicates that the iron and '.he clay are :lore n3aotliated 

end, therefore, the iron cannot be es easily oxidised an in of ter bentonite 

beds. rher-.101 ourvee (ri. hi  olrves e and f) and ion exci:fte dat" 

(4ble 4) of samplea or -!,4is bed from two leoalitios slow that the 

proportion of 4rellangeable oodiqm in the clay in very low end that calcium 

au hydrogen are the loisinent extihanreable cations. :P'esence lerv, 

proportion of hydrorAn in a sample o' bed A bentonite rrot one locality 

in Indicated by to pl of 3.4 and the dual Character of low !,emperatAre 

efidc In the thtTmal curve. the two endothermic reactions occur at ter 

ee to mper:Om:tee en the two perdca shown for hydrorten saturated montmerlilow. 

nite by iarshad (1750, p. 228), Ma sample or acid clay was obtained by 

channel samplin near 91, earful* of the bed and is likely that calcium 

wee replacel by hydrcen durinH weatherin7. 

the bentonite in bed 3 hap very low swellin7 capacity, and it has 

essentiolly no value for wee in drillin- muds. All with molt calcium 

bentonite*, the fez .dry  bon properties of ttlif cloy in bed 3 is chsraoter. 

iced by very hi ;h ireen etreng;th and low dry st.ronth. 

CLAY SPUR 11ED 

00PencAsturlAnd ocairrmle 

lut name Clay Spur was introducei by 'Llbey (1950, p. 4) ''or outcrops 
of the bentonite bed in this western 31ack Since 1930 this bed has 



1)0,1.1 referred to as :ype I benl,onie (iiin:;#  1940, p. 12, 21) nmi Tver 

'p4wry b-d (:-:core, p. 27). ihis same bent,mi.0 ctratAm is nllo t,erraod 

the )0merclial bel by producers or bentonite. a Any ;p sr is ry ;.. ter tlfs 

most important bentonite bed in tat* rmrtlern Meek 4111s. It has been the 

source mlre t,-;Fin 95 peroent ft11 elipped from the iistriot, 

and ,.he largest lalown racterv,,4 or commercial grrtde bentonite. 

:he Clay Spur bed is 'commonly re'7ariel es occurrin,  at the top of the 

siliceols ;4owry Wiale, 114 locally '19: or the be7ntonite does mark the 

upper ltlit of that forinnLion. In warty pluses, bthere the :Amy 

Spur bed is thick, a zone above the bentorWe„ ran7in .  in 9lickness from 

six feet to s knife edge, contains siliceous slalis la minae. lithoio 

of this siliceous zone eleerly indicates that it is 01,sely related to the 

:40wry aisle and, therWore, it is considered to be thee uppemost part of 

that fort:sit/one 

Ro,,ks comprinin: ov-rburien above ”le ,4par bet consist Chiefly 

of Vte alan4anl"erous siderite concretion r.-me of the lower member of the 

3elle Fourche stale. lifts conor*tionRry zone is distinctly Tor,  resistant 

than the ovrfrlyin7 portions of '.1.41 )elle *oche formaiion. 'ti a co'lieltenoe 

of this diPferenoe in resisLanoo, tAe concretion zone serves as a sap rock 

fabve the AA)? -pur bentoolie bed. ,:he oRp rook, in turn, causes the 

bentonite to lie under overburden in rtfh r hrool bits whsr- upp-- 

4owry and low°,  3elle icourche ge,re.ft err eleposea. liammrous e1on7ste spurs, 

small o.%liers, and inhere are l'ormel lelere heil and its proteatir.,  

strata aro o.ib,p bill drains-re patterns. 

Outcrops of the bentonite °commonly appear as conspicuous 11 -ht colored 

bands that o'tn he seen for morel miles. f,,,thored eurfeees of the lower 

1irht colored part of t' lee ,Asy spur bed are oharaoterristrA by a well 



dovelopcd popcorn textur,f! except in portions o!: Vie Sts,1 lel,Aont in 

colloidal properties or partinlly covercl y soil. :)ry atrsoca of the bed 

arf,  nearly white in color lyat wer, t.hey he,mtle much darker and appear 

to h've "sewn or yellow shndes. .irface ‹,, tLlres of the dark portions of 

the bed co=tonly resemble al11:71.t.or hide 1r over eovered b, set soil. 

Aoiotr. contents of.  the liTht colorod clay in the nattral Watc usAally 

ran :e from about 15 to 43 leroent with an svern-e cr!' aberlt Y1 percent. 

In places partical.trly aoceeni:Ile movnmont of .:roti.mi water. moisture 

contents :lay be as hi As ns several hundred percent. 'Olen the moisture 

content, la less +)lan abme, '4) percent, the clay tens to part with a 

m/hconz'ioidni !raaturo but as he, moistlre content increnees, the clay 

beef)mes v(ry plastic and finally a thixotroldc Tel. As the moilture 

center:7, ie reducei :›eley about 20 percent. the conahoidal ':ractire ie 

reploced by a hackley parting and the bentonite becomes telmont as hard also 

the iniernall. 

L:hnracteristics c) both the bentonite and enclopin strata very with 

the thicknees of the ben`Amite Variations in thee, ohernoteristies 

can best be understood by A.T.1 nrmmining the two extremes o' conditions 

are present. In pleoes *.he ...'lay Spur bed id Only two inches thick 

(A.:7. 12). but no locality wan . clunri where bentonite WR2 cc apl‹tely nissin7 

at t4111 stratimnphic position of the bed. !:flin bentonite is character- 

ised by very lirhto.7ey colors end ...Asunlly ansh iron stainin7; is pmsent. 

The bentonie Medea into the sa- vripoont shle throah a one e bentoni!dic 

shale one to two inches thick.. .;*.wItmet betwecn the bantoni!,0 csnd stabiooent 

material is not no irterp es is ,Ilaraeteristic of those portions of tAo bed 

that nrc auffieiontly thiok to be minod• 1'.10 lower part or the thin 
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beer-onite comlonly conniota of A zone o dark bentoni4.ic sulle onewhnl!' 

to one !rah VIlok, No eherttie floor is present beneath thin llortionn 

of' the bed. Subisosnt meteriAl, tho,1--h composed of siliceetin in 

much softer them similar material under thkeker portions of the< b._ ntorit.t. 

bed* 

In :ttmy places tie ,j1,ty ;Tur bentonite bed is four -etet And in 

* f'cit as mach as seven nest of bentonite are present* ;lore 

t:e ben4401Le is lick (in. 14) there is a promin,:ntly dPircloped ohertlike 

loor beneath t'ie bed and its eontmet with the bentonite is very sharp* 

he 0.102,4 floor rAm-es Yroa two to about eiht inches in thick:wen And 

its lower limits are as A rule porly declnel, mr,rked only by n 7,raciAal 

downward leortmee in hardness* In a Vew 0.neee the dowry allieeaas aTi le 

below the ehertlike floor is harder adjacent to vlstioal Joints mivestin4 

IAAt the orijn og' the oherty wteriPl\ is related to downwlrd movement 0 

FTouni writer* the bentonite is readily divisible into a lower lirht 

• lorefi stre,vn arJ an upper dark vlored layer* Ile light 'lentanite 

rnnges in thicknesa from 2 1/2 to 4 feet ant is elftracerited by waxy 

textures and pronounced colorwbamiinr exhibitin7 thaden of-  yellow, olive 

green, sTecniah ;ray, nnd -,ray• :he lowermost one.roarth to onedmhal' 

inch o the bentonite inveriably hoes cornmeal texture and an Rtrand*nce 

of lare seirsnite at well as small biotite flakes* 1Io 11,11t 

bentonite . Taden into the euperjacont dark ')entonite tKro..1,11 ft zone of 

increasin-, dark laminae* dark bentonito strata range from one to 

ono.hal rent thick ,..n4 nre compose:I chte°1y darko,Itay bentonite but 

114%t nolored laminae are always present in the lower p.rtvo  mn4 in pieces 

they extend nearly to the top. Siliceous shale laminae appear in the upper 

part ei; the dgrk bentonite which in turn 1.adeq a?ward into a prmsinent 
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sono ot eitiesome in(erloalneted with. dar',7, -.41ent7!Ats on, dark shale. 

Pio sone of silinoous lealnee is Asqally Cour to six mot, t. iii snd 

Interlat4ns enale is seam atttrOanl. in the upper pert. es TA, %oho *doe 

into dark sals* 

'jheresteritstles le the •MIIk portions e bed re::%looed laterally 

°;1( :.lose c) t!lin part- of the bed* As chorclike qoor Smooth tote 

booLonite bee tee loos prominrnt as the thivAneon of doors-wises and 

this floor is rarely liscsrnible Delowthe bentonite is loos than 10 inChse 

%%link* Ohleknese or 40% the 11.11t en= dark ottolored pqrtionoQ 910 Clay 

;por bed delrease# in approxiosti. Two7mrtion to Cho total thinknoOs co.  the 

bed -ewe %h. dark unit:trod .moterlal appoars t* Tade into s thin bentonitie • 

stale Jinn* in thin portions *. '..'tee bed. sons 04' silialow thale 

lsminae '..he bsntontka also dooloolosse lsterelly an4 in rnrely present 

where the be ntonite is loss ten one foot Uhloska rho extent o'.." 'Auth 

Uhiek and thin portions o: the le t is vpry IrrsAlolsr, therefore the :Tod atIon 

Prom one sytra4o #41, the ot.tor is alAo not uniform* In please intoraediate 

thicknoesee of *le :;lay !ilea 'voi extend for et least e mile* rut in othlkr 

looalities thineeses *f more i:tan three 14et dowses* let arshy to three 

in ea within 400 or XI yards* 

Avtal thioknose a' he Clay Spur bed sni that saporjecent sone of: 

silloosua leonineo ranrss rrift.s stbnat three Indus to nearly 12 °est. *Nero 

the bey smite is onosuolly thick, the eoperjaostnt sone o. 3illeeous laminae 

Is also 'Mak; where the bentonite is modoratsly the sillsooms sone 

is only moders'-ly th *I where the lientrmito is ovoeptionally this the 

oilicso-As sone is alssinx* Nis rate-ton 0 strata (fix. 11) indloates 

t)t the deposition 0" aslosalc *eh tram which the bentonito 
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IS winemlettna *ma miser* 1%* eab Meer lied a toast rsl-f 0 of lesst 

it fiboto tither IA* aosasaloitem of sok Undid to bo root-lo 0 tr, 

Wit lege oP the mnovon *Woo* or most o' 10 tuitional laiA down so 

111 *IS Val soon otsift-i to to is va /*well*** • not or awl. otarronto• 

A rtcliof o.ri  about OA foot muss!. *till holm h provent- er4r. Vie lepolttler 

ef me*: 6'1 tlte no4 bosom, tgle amvA o' sillowns /anima ekbow 9,41 beW,smito 

appear, to be eralre17 raetriotcl to y lows. . mbar, basal mantes% 

tho .11ar ripir %04.1 tAst is pmmont is t+21,-,Vor portions ot the bad t'lroughowt 

the Alatriot 11,1'f/otos tlat dapoo1140ft or sola ems,  woe holm ovultansomo*, 

ever a wile sro*. ''4e 'room* of thim boatanitio son** boomath 

',lima, Vle sualosto eithor &mixture s amh with eabiedent 

Shale Or t mitten of mom or torrent* or that tie rat.. Aae*auliatioa 

of mats oe the hilt* ISO et first vary slow in Tit  to t.lot Df tho normal 

dark Wisonta. 'Nem son be no remain or tuito,ritne t^l lc => tIe WO 0 

dopooltle or novae& dark sodt.tonto 4140 srostLy loor000dd &trim.  two 

soo4mAlotion or this oohs thereat*, t.iivo soh Pros totals,' thy 11 tt bentonite 

hot be formed meet helm neeowilletei *. a wry raviA rot* to havo 

4imooloWion Or the dent .21,norol ti0140 and the mail amount o 'fronts 

matter onoWsliad with t.o normal oaditIonto. Upwar4 gradation of light 

bontonitA into deft ambers d benteetitie la 4,144.ftso Mat tip ratio at 

ObemaalWiOn *f VI* ash -rm41mill, el omod *n4 was flintily sorpo0004 4 that 

of tho normal dark eoeilpsentee 

The omdmIsttng awful, below tit. :l ;1,741, elt'onis wolw ulare or 

less unirim roller throlIto4t bets Vhe nort'w-n And western Anolc .111146 

aro% and obiLtor aarfsss is isrsisset 3Ader tht .lay Apo tos4 etagg the 

goat flank of tho it Iwo eta* ais OWieta% vls oarfuoo rootitod Ormo 



Figure 11. Diagrammatic representation of relation of thickness of 
Clay Spur bentonite bed to enclosing strata. 



66 



67 



68 

I 



69 

very 4nV:orm ,..qt.Oltlone over an e- lire4sly cR ftreAe llo .14erace does 

not represent an orosloreal wAty. r*itt‘,,no are *to -ollovai 

(1) :st,reta Nelow the beni.J.)mite have n' t. been LrJmuccel by erosion• Ci) 

wc.er or rtontinentAl slepoolta ore no+. present either *boy,- ,r below 

sur-r4/eoe  (3) :4111,4,!0 of relief ie :dash too uni"erm thrf.1,1.7.,,wut 

very lrr,e nree or ',:(14, qn42-latin: stsrVase to represent 115 erosicIA, 

kwoor:ormitI. 

/roof that 1.1410 3n4t1rItin; sofeee was net norm by waves is - rnia di 

by Use followino (1) A4sene* er orooe.bedlin,. in tho ailieem4;: eldle 

baled the .:lay spar bed. (2) Apparent is of orientation e vAh tle 

1.i4he 4114 laws* (y) ::,,herp eontest between the befltonite en4 subjaeent 

Cale ol id nol hftve been preserved If deposition hoi te<en plass where 

waves were *etive. (4) Its nest tlIst the 1000* of laminee above 

vie seINL:Init.e is rah ,riotel to the tows *in only Aeon that rtliet features 

remained stationary roAch 1en,7,er Ulm% eolc14 be possIbla in tM present* or 

active waves, sone of dilioeood liaises is six root Wok the 

lows mueL 34VVI rm.:lair"' in pliese rm. fle. beset 10111 rears if 'Lsbleys* 

emptation (mo. p. "1) or 0.2 aillimpetsr 4-or the, sitc,rep thickness* of 

the enamel palre or laninattona in the Adak 3111* eon rye assumed to be 

epplloablo* le bee 4epooltlon or eilise-PJA blue sea restrloted Us the 

low% the rate of aossehlation may have been nearly twice as toot sr 

soowig k 74 trn ta• ens bon tont to Is' 011 $')Irf,  beealy so'r. ,:l tApti very rapidly 

is proem: in 'As sone o silileoqa 1estia0411 4-Nsrelfaree it is likair 

4013 to 5,010 year* wotsld be were nearly oorreot !-or !..ime of 

sesbasuistion or this sone* 

Differential esapas ton of anderlyta4 eleide cal have ~sod the 

hareetion of en undaletW sarNee in pert of 4.he ares. Ale poseiAlttir 
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004MS MOSt 10 .100, ;.145 

iftnIsLones  ooms.leto marwr tense-5 

. •„, ;,.1-  14 el. 7 .r.':!..P3,74  • 1. 

76le stuAn'tme• 

our.,!'noto ter, ed or liferentisi oomppeion f.9o-314 oe ov?tetoi to hew 

maolh ft anifora relief. it is stArstotAn. 1.1sAmsti.vn  %ois rev,  to postultte 

gat this punk sea rcwixtneiblo for Me formation of tjte AnduiatIno: 

eArface over miel a wile wee. 

itt.sent *tote at kemlodoo in tlef field or eosanorraphy J404 not 

rule wit t.la poesibtlity that min undulettln:: virfsee or 4opmeition .a legs 

a,lay where rineworetned sodtmonts '1,0try depesitel in mtrine wittier 

or 14 proisonee a~ r ry oirronteo aient r17,plos have leess 

obnerved'Oy nOh (194n. p. 7670779) on the sandy loor ef the 3s 's.  

doseribee the ripplete am bete7,  vskiaely ell,,ned Anti an manh es 600 to 750 

feet mereee. Tip** ripplee er,cur, *mks willoh gra swept 4iy.  

oarrents of the %Alf *tree me 7-cry Wiz. irrelanris sli;n04 ripploio*rke 

in *hollow water goody imaltuom..s h*Ye e1 N1 beim deseribed N, ftentsomol 

(VIA p. 11v4o isoeArrenees o larle ripplormark* is sma4, settammt 

Maki, it sees even mere lfvjaeti thzt rip.plemearUe Sere there tinomi4reimei 

materiels esaimulote in t4e preemmee of weak somata. %Oh sonditisme 

veold most hero 'Joon present in the andoretoli 40ep cretftecomo 

epicentinontel soft 

If the undalotin: atrTaso 4ose represent- lors,  ripplemmers, the 

erdionse preson!.,od or staAannry the relic-  Notarise 

imitoetes that the riplAes either did met migrate er eave4 et an asseeiln411 

slew rates jai:fora deposition ea wool rippIemmarke would molt in re/1W 

baiting. loillw;; strata on * soak manor ale 'wee boon emserve4 

memo (19,3, 7704,) in the Ceiormie Rimer flood deposits arli V 

Andereen (19,1, p. 2141) in lnoial &veldts: In loth eoearrenoses  tho 
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bedding is thou-,V. !0 :,tava ori •Intel fIrml Jepositian on statiomry 

maiwzn. The t:leory andulatln: surface below Clay :Ipqr ben,- :: A i..e bed 

represents rollin: heddin4 to supported by Vie:'sot. that a v,rW.i.Traphic 

interval between tAe floor of that bentonite bed and a thin benr,on1:4) zone 

appmdmately 2 1/2  feet low,'r in the 14:wry shale maintain-! nearly :111viAtrit, 

thicknosees tArolhout much of 21. 57 W., and T. )6 b., 

()rook County, 4o4:tilm:;• Ical la essentially the same thleknfins in 

outcrops of both the U:te and VI lows. 

If it la true :.hat undalottlro.  surfsoe is an expression itt roUtnr 

beddings  then reatrIction of ash and the zone o' silloeous laminae 1,0 

the lows must be explained. Formation of stationer, ripples would req'd.re 

& delicate balance OtrAleen Vie supply of finemrained eediments and the 

transpertin power of 4entle currents. Possibly rapid inglum eV large 

ainly.vnts volltni ash destroyed '!let equilibrium conditions Which formed 

040.ionary ripple..marke. A lose likely poseibiliti is that lepth of 

son was cAanIin .  about this tine and Afferent 'currants were introduced* 

A kfleoe in conditions oC sediaientetion is ellgeated by' airlerenees in 

litholcOve 4cOmean ”10, eiliceouks .4wry rued eoft clerk wielo cit.  the 

overlying 3elle 4.4roho unit. Appc.rent orientation ip• hills and 

lows could be a. oeneequence of irreAlar cit;oropc nn.1 Jimontinlities n"' 

exposures, and these features noy actually ham, rave orientation. 

In outcrops, distar-oes lower to hiYlls nay 'e only n yards in one 

direction en several humireA yards in the epT?oatte dtreotton. ltie may be 

in part nownsequanos of the seymetry of' ripple0omrks. oersiatenee of 

Ultat portions (117f• bantanite bed over a Acton°e of a wile 4e the 

reoJilt of oriontetion of the outcrop with a tria of a inr:,;0 ripple. 
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14 sisw amir  
the varvoalike w Ltner pert of 

the 010y %4114r bed (rize, 17) rittn4s) =rc ttookie ti r  lAy-re 1.e uorP' thftn 

ottem.ourtta inch in thinesse "revertly ev,r-n the thinnest layers don be 

trooped eowerAl -Acsr.is within .."At,  Units or fresh expo:bur** in *trip 

nine's hit often iyoupe e 1.1.1inee extend only a !Ani Inches 0o1 -row's 

Wear Le be trAnAttAel ̀ ft,  rwn-sr layer** xf1 s rule the thinner lewnae 

sr* distinctly separate 'Anita, It -14 dArk layers tend to ti. oba4t 

equal Mm'thiIknesat  and Vlore la no 4rsiotion free ens color .J4ie *Weft • 

3ene t.hiCker layers ere characterised scly a aixint of th• IL. sera d dlok 

osiers nnd a blurrisv, ef the **Apiaries 4etween laminae. 4ise ewes etz 

wok se consimhelr inah thiek. enclosed is tAntfora ftni c:ontinaoqe 

Wee, eppoor to 'a* 011„;44 4istorted or are otmest Vireo et larerl$1-• 

Spell irregaer *masa* of t'le l t 'it entonite are slietines ellcioeod in 

the -dark noterial t Progaente or the dark toy are rear 14 "`Duct in tfta 

Urn *Iowa AVM* :in, 'gooks or li..Mt noterial are coat 404mOR Li the 

thtoker peony stratified dark layers* --ipt,ieal examinations of thin eeoUona 

have reveeled that tAit eolers result eflief4 treesesall esaunti pf 

orr,nie molter diepereed vIro,4- 11 the elso Rost of t'le crlanis astarAski 

lo preaont in the fors ,' UlotoNy oosttn.-f on nen clay mineral l'itite 

Wt there arc moll irregRlar masses of art matter throu2:hout the ems. 

Misot of these stunt' partlelea ere elenli-ote parallel t t'le lominettone• 

Tito dark bentonite sloe aanteino en avers, s or 2, te pftraont non de, 

materials, waist eos t,le light laminae like the thi k lie aolorel portion 

of the 7171ny ,pqr b*4 omtoine only aloe I, pert  non slay tertertftle, 

Theme elq materiels are oilop**0,1 chiefly of finewrrotned strJlor qAartS 
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and Do/doper, hat some fro6arakon.loa litins are Itlao presee nt. lewet oY t!'m nen 

cloy ains ore too initsidinonelonal o nave markel orientations  •w. lie smell 

evto Int o!' arlo atrl *that el -Note isineral tat are presort or r -tar 

oriented pprollel to the laAnese 

No proorllo o' ;11n persistent leritmee prove moneli Imlay that ')tooe 

eedimamts sae:wanted in wry quiet eater. :he dark it .nine 14rers l'u 

eamf-aSins:Ion by the type of non stgritinerale an4 ormonlo ma...fort:xis that 

are f'exeri in the +Pde above the bent,onite bedb  but :'le bentenito 

Inoinae are covered of relatively pure nontaarillanite gni ere eloostly 

allied t1 the thick 11 -  oalored bentonite pre eent in tho 1:wor portions 

0: ule lty Ipur bed. Mixin!I *tools** in laminae. truneation 46'10 

ilroups or lamirtoo, SietertIon of some Imyers enclosed by 4alletortod 

*Auto, end inclinian o bloolos or alai in dark can boot he 

explained bit vary smal1 see 3oor cud flews. ;lael flows last hove token 

01Aeo extrosolr Aortic mlopem and in please only very .tin layer* e 

eedit'ente were diaple044. 

Thiwast Mrk colored "moo m160t acciwwqr root with slorp contest em 

subpcsent *lay lot upper litrito of the,  dark o.au  y ere meet arty 

ladtstmleu P114 relation:rap a' '.h the prosonee at smell nest 

cal ered block* 121e dark rim *4.04sets that '.yea dark oetcriel was 

matted in the fora et en evoloedtnAy ploetto cloy or as parally 

eeopooted nose.* or 1,000Aw,od day rArtielaail ho ahoeotrla material 

of Ow ItOtt, eller tended to form *ore oelveront. layers whickh were more 

likely *unposed *Valero or logo unaltered lel onto eahe 

Otvioosly this intorleoinsted 11-ht and dark waterlog repreconts 

tie et %mita sedimentation that semot bo, eltplainod or periodic outbureto 

of volconle aCho lhose laminae do Aasely rooe,iole oes4sonnl Warms, 
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low laminae 4i for !Ir-y -laelP1 yams* in that tills *mere*, motorigti is 

sanfined to the desk layers ond !Askr- are no gredettona ',exalter) -* Craw,  

l' era. If it le **moot to asamws "'tat Vol!, accumul,ti.In all 

was continie,qc %it docresool ett a rather retell  s sooloonel inflx. 

if mat.ariel on' OV nt nalpter z. ;e oril.n or them ~Year 

liar deposits. .e.ltsta;1 woqig most likely be in'..r1Lleo4 dIrtn- the 

warn months 0: iear wlon raLhrall 3n $.4. ion! •areas wo313 roldeotod 

in an theses** or rtaamgraintd sodi5omte in madoratl,17 deep varine water. 

A possiae explanation :'or appari,nt orl7Inal plasticity of ttio dark 

der is that it LIN/ sr contained $01 which had been mare *r tens sespleisly 

attested to montacrillonito d)rin,-, a deist; in PA transportatiel to Vao site 

of final deposition* 

gsaLeasaaL jousafgausisitio.autma jag jai 
deer color of bar .0111+,* im ttis 0147 Aptr bed situated qnAer me»re '4en 

* Deu Vert o overtardon Is predoninontly bluish rftrip * :later wqIi4h °Mises 

CL or notar alrfalo 'a cit.,* :.,,roen4 :fellow and WINt liscoloretten 

free blio to 11~,h‘-.r UAW* pi+ s. in e r5ne :s, nod 1- 

hicknoes or ovor,r1st; coul distanao Pros t"A* marmot not.trai oaten,* As 

• taa,  ell or tle rertartur ,ndor am- ' an p Aget o' cover imdissolerod 

and itAkt, pert bed :1*,, is leas t' ,1U root below U. airfam is 

oaapletoly tiocoloreds howevtr. 4110 slay may still be pros ,rt ,nlor 

as lictic as 12 'lest ewer *tore sittistal at iistahle* fie several 

hqnare4 flm +he nearest oftturol elmosuree et u the discolor. porAJAns 

ef the bed nay 40 !oond unter oxtrAordinary mount* or 01401-44rtel, wnorp the 

land eurt'am rims atlerply *eve 0 peso.* or tva loontonit** Ilia relation 

of the 1Ssoolmrotion of •,ontehii,* t1* sanunt e cover a to, o,aphic 

sonivrattan of the olwromo *So,. bentonitv lot initiate* thst 
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discoloration 4.4isis 1to• both laterally and vorially within th, bed* 

alms% • *yeas or newly. haria 7:1 tail -41w1 poorly re:- 44. 

sal ioints that Lt terssat in a nrisamorose ros'Anne 4c tfle evens* pro, reopos, 

t10 tworior por"Ann of loin. :10.-ka are altAered rstenio% Imo  

to olive .ren eo _hot a jvan mA7 ,Iftvo an 4ndlonollred bluishw 

Iry *ore mmoloped in ocnoentric lawsre r;reonist) gray an4all een* 

Ise* is. el.' 42,1o1r nval s'laDat, rte' ce01610 ftri7 of ti-n reerrefi 

*41,Ais ,110 me wit inioh .4s 3(1,11 WSegerated rron oiqesstn Layers 

lootos that mprasal ohms* mot eveaspior t,&,4 3isooloration 

r-Nsese* analyses by Narmarot aster (19A) of IA* 3, 

oacio.taal Altrvey novo shown twit illooltIrial ion Iterate frees ov1041.1an of 

(*Tows iron e.Jo the ferric in 00 7iin wWW.i0O is no lombt related to 

the sit Alt inaresee ei" sartterial eon joints in tiwt 41scolared 

eeteriole 0-eidation has boron ettrl4utott A, 4. X. XMOOltal (1 's-47, NI V01) 

t4p %alto tia.en plaoa tir,71.;'1 onoy o' s4rfaen veto- Bpi in into the 

jaw system.* 

rho smolder:so at ''Ion1 intleet4to that la Use revived tor 'hi* 

dissolorstion or the oluiihmoey pentonite varies menoideroolyi No sone 

of solar *Nett e toItnown b. pr000nt Amter ovor4irlen Par :imam 12 to 

la root in plsoes warms Weal drains:, pos.torno and 'Apo ra167 aro 

oatkarity. and It can be *onolided V** .issont land alrfese ,tea •a v; 

0004 O1t40,4 :70stly d4r$07, the lest soverai runirs4 or few V,,wilmami yeaft, 

t' era it muot take at tenet severp.1 *mired years for the ovidetim 

proems to pro tees under nor,. tom 0 'row feet of egerlevdema pee odor 

shawls *en b *ooc:1114 abotAt In the. Fab:watery witAin a rely woks t 

eiternatoly vottin. end drying VI* clay. an4 'shore the aue ..team hes 

been espomod in tie nom& ot strip An** the disidoratioss has bowo stommill 
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sso extend inward of.'40!At tAion in - t'le soli:: -looks end aserty one rest 

elom jAnt.4 ty.1,,r1to 'dim one nonnerio egmvpIn o nelr,* 

4,11.) 'mite .os been pt' in stookpiles 

cloy 145opently lolor 110,,entlre 1ie in period 

O :', Louo, en* year. Appfrently on144atioo pinte rtl.A'r 

et the surfooe jat VI* rote it -r ply rods. oo4 4 doxPecein erftwt of 

AA* evorturdec end loperviolo War- wr both avarhArden end k1(..onito41 

In coneral loliaL04 provrtisa or the titan Any are R t linr 

t,on daze of the di000lored bontonite end to *set instant:too 

oolar temar! • hos been inlaood is s000spanted - an inaroatie 

14 0.11,41fti pr*P4,1".10e, hr. Ttlturo end mato of tho inorearw in oolloiisi 

props ,ies is o-  oonoilerablo importtnoe n-r4 gill bet,(1- more 

tiwporusnt in the nAttre es roam:yes or 'ti.) oolloil!!1 '1.;?oolored clay nre 

depleted* it i . Astriern1,1y rala ititec1 VW. a f‘Anisaeritfra 2**,1'4»n !"or ,11411 

oolloldal proportion of boloni'41 io Uve ten4enay r montmorilloniult 

brook down to -shape partiolee sprroaelln.: f.:10 04311 in else. 

A deoretv.4 in particle size in the discolored day is in;tea%ei by the 

immense in well "Juildin' *apnea/on, swollin' properties, e.-AmArtlri send 

benlint dry otren-the end vinomoities 

AVhouil oxliation ot ferroat to ferric Iron to nodebt. VI* 

weplenetion .or v,10 older o,langey it 4000 not 004m powii4le uut thiv 

eak040 Li; vtlermy it the iron so414 be V4e .jar muse far 'he it crass 

in oollaLial properties. *rid It moms Itoa liely physteel or 

ot‘seleel preeesesa ars astlirs poriods ogler oNon.,;e taken 

plate* :he realvmo Lqiit 1,an,‹‘ in volonqy dose not seem giu"lniont 

*000ant Vol' the insoles,* in eon/4W properties are es il:olloses 

(1) lonkoniti in the Okay spur bed rarely oantstine se mtv.41eo ^our peroent 
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t(f.. and ?els snail epA04nt a irtIn 4o,A1 net 

mmosint f:lr mach c!ItipinH in onlirotdol ?r05rtlea* (1.) . ,>.1e) 0, 

.)reeort in tilt' bontonite- try t'4.1 Yorft& tin noon 

otrrt nn l amok* in tle, ,N(14 *le% irn o-:7.141.4 act /nly osC dititont 

rodloin-; eollAxtfti prert!r111 of the faepi C5) or co..-.1aUtin of' iron 

o Se u.6.?onelblo :'70r t in 01110ida1 properties, Vie: irin weitA14 

how to be ollnely tissoolf..tme. with t40,  slay mineral etrf4tAr4241 It wpad 

Sene vlat ir the iron le to ht wInst4ored 00 en inte..7"1 part of tlo eiwy 

mineral lfttti00, It tvoillt1 11(4 wind in sitoh a way t'iest, the 07,711stion and 

e-Inn_7e in valency oo4l1 not tilers oleos so ~Up/ (4) Dellin :lad and 

mtvy trwsd toots o-  t7le Aisestered siatorlid oArrqsAndli1 *4v;--os  

(mble t, mpt. A) VA", railed to Ohm inermia4 orAloidol proporAos 

over 1,03.301.1.1roct &Inv! y.cf. tend to aim a Ttpi.tal, t A• ,tiott i slolloidat 

propifiAt,..0 firm tillage-I-1m to tø 0 t4&;.• diosolorod 01.w. ()) 7‘e 

.root lost some o the Slile AndLeiselereet obv Naos tows 'ilrItittta bo 

drilIin:. mm4 vent/ rx1,1 mrlifft o Liv AnlschomIrtv t.l.on'tontl', Its noqf Ifroo,-,savd 

r a .try liii in ptrpottoo itoisetee Vie *irod*s Lr iiir 

blas t . heoliol4al rtm,,,rttoo and U;16 *--,14ation to .41iiritt 

irss ls th lege *muse owe increase in sollmtiftli 

bats' on tm• 

A stAy was ..,ode in an 4,y7.:•9rt t(, tP0/1 r"11 f'or t;-1 1r!ave 

tn proportion floosoponyin:r Vs4410r Nlewo A elitA.: 

Samploo rqirooffrItIn,! vartoNAs sem** Ifv.' the 4isgolorge.Lin proeolv wm$ 

no1144ed ;. r.-7,,m a istrtr. mine of tNe Nottrttvvn t411014 Comlony tn 

tcNthIg 114 7. 9 ri, • 114, late ilointy. :"..0kAth la;fetao 7.16.1,4h 

1,4ftled in 7:1‘fte'. taro to prro,tve pr4 noletafq,  and prevent 

4,/'orri.1 nearal Oesntooni,  or einpiA$ 4-1f-4 
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rn '410. rla 27 to ,7 ,f-reente "owaro 0' art1W- .sks 

owl.* (4ble 1) allori AI 4410i4el prep-rt r* 

benticeaL. sr, 0441 twr'.ion the 4noxikKoodbb.% oley, "ito-ant Irrifoo 

o' twelt Vie steles0 r,oatem o' afto-ableld 

)1-441. /01tortit% ( 17* 1r5, n "I) a) to ';it the wat.rs. 

acpromrilior,i: .1. 11 • :.ft110304 bia tams otorvuto 

soil.et• ecs..rvo yap v'1, entgolo o." o'ciAlted ollro.-toon Sontelnita 

(rig* IN trims o) sloe fails tn.2 livegionoo *'. excemr.1,4Vit. 

Weil *VA, %to ocklilese •114, oArer• e•te atrue .-roo tnetttot of  %hits 

soldimed Slay (F1rAt., cam ha4over 'ios t smal1 scriothermispesec 

tt *bolt tl,0 arl.Tes'An • lAw seno evehsv—,eftble la101qm ma .01,,lwasitc2 in 

1ft1Asooln:, t.ho r.f.*.on'.1on o' .,nrtnthol cloy, ;71t, 111 W9 .7 r the 

bla* any end olftv igloo wr-ileots 1:1014alee 

t Ilona is not so lree, in *he evAilissa WArlal Ito in the Wtoomtwed 

4.t4, Segttonitee tom eaolottl:v &ate !rfl' wvsol epi o 41spoo1ers4, 

011 7'4 bent/mit,. (*)io -411  mirrAlo 11) and '..N40 amdtsoolared, Woo 

toenito (.010 :4 rie141 12) -!,11, 41roromose UaLtalleft 

VIte 310V414, in.!e0*A empOolt1 ef. e ollvoworoon bontootte (100 

0.04/41e flonliorir 'A !vw Ylo **patty o- *rintottito 

(ra rwtelits.). U in trynark:It oopaiity yb‹. elif,-14 a 

60110egle,  se finmr :Artists ma o in the eriltood Nktoriola  vh1oh 

infirm:A .N14 + t4 1:0000 or OA t tvna :1000 a' . nre Nair% 

tnarogules QV. nlm4or co:* ovoils410 ilmoltP3n0: 

eqvoriblit  itt ors thek 41). -ietotia er er-Vftl tnMk* riefried at 

on ott Im•10 414d1wpwmr bentimite nrma !Itt Arq 3pqr bad so *spelled th 

* Nastern ilsectusto 'L:omponv in **es 

wyominAo frefol sompto was aftparti in 1ma 
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'4'0419 1400wvill1n mul *05-0 6 -  * ***Ago ipspeasaatstiva of 9.4e 
bluffs 10.4sisy to olivv.yen :vier ohenile in tha air ipsr holio 'aaplee 
ar * strip *dns the hmerisen 300,4111 1* *so* 4 9 Nop 

AAtto fkrAnti, likets• All twit* were sada eft sl'irrL.** e 
6 percent :Nmistmito in ,'41.ei12ed %attar. $r64 micro prepor*! by air 
dry)b- 4144 sriniiw; *p,rovtmatiely 2on aloglo4 

A 3 

2 
admit* 

,411 

in mintas 
(in mie) 

0 
ablate 

sisesoaiil 
(in boroepeolsee) 

(14rreas of 1, elle• 
drillinc sad per ten 
or 'oentonid..*) 

Initial 
Lei A.rf.n,;th 
(Vans) 10 xin4ta 

4.0 '.8 

V.sl ii.„, 1,14.2 9.8 

17. 14. O. 1,1,3 

17* 14 I 1 I-0 

65 88 97 

3 5 le 

5 f; 1, V 

9.9 100 ,.e 94 

A0 laAlsaolormi 41,4144400*y 'Jontmnite4 

Ss U4iadolor44 blqi*h*.m,  bioritoni.#  swept* aeq.aroi 40tosam A and C. 

Clo Partially oti4isad utintonito oont.sioin- 10,,74.4. 

ii sects Tallow bate "':v 
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VII,  'told IA prov. fIstv 4.... 0,1 74 0 Waft Itrr vet rbr * VoC4 n * VIAt! 

1 fabOr St fl S
.
, e. ....At, Irticl Mid Or `.ts 0 0. • 

10 size or among)** •%ii) trfte lert.iely 

fit-14 intr tator fl 71011 1,/, 4'.1,•!f 

'J n e >1w Ad t 1,1‘or oclistato 

1Ii "4 ;.•‘..%1I.ov. A envie c r : fiv.,1 -totally 11%1:A.?! MYY1 en* 

urtextdimi *lay. 11,1111 sir artoi. !to.r•rf!. tos 4.01 "or two as 

r Ito or tear. .tabi. 2) *hew pie' VI* irtilitt", 

-01 pr*,),ertsten ineresee* try +he eirtVietel G-44.10.ten 

7reloatn. tharlel itsrv* cr a portlest et the cloy t\te.t vac not exislitime 

3 ou've 4.) a I Or. 'do 4..104 !weatonee e men eine o iron 

svo. 14. ut 4r Ica e 'rjr itielt ereetheregie peek at etlout WI, end 

ntuorE>,  tt,t ecnerettena wort! moon* 

in 10- 'eV p*rt of the '3$ 4.1r st,,4 nese the iees'Acn uftere 

<.'- t ,!-• we:4o *Ate collectel• he thoriel yr** 01'-: ert,1',1.01elly eriatnet 

materiel ( *neve 1 does tv,t allow *fir !to tor o %.)e preset-tete ef• 

iton otl.'1.1eati• 1..oco or.  meal ecw.i o item 14r -La mr A,olett 

:14telon ryr•tymmst WI* pesatiblU.44 ',-,hot Week Gad 

.y.lurt.1 wear flM.O I Vte sands end 't.:)41. Witeldfx1 :vapor 

b00-„o_VAII sear be ImpromA by * notoral.asbd trow.,tm Iroeertlo - 11,* OR ar 

9402 th4 troAd eni ato tap Vut ertitally mAtertel 

imtla fa.* •rwirz.v-tr, this rastafittes.lee exehenge ae'e for tho 

rreeh 01%,(.1* 4, sample 7,) omil this) 044/141441,,swittlool 0INY 

(::16b146 lito  semis 2.) inatoato *Aut. the alteisto etter**Ittbtea oklet Awe 

Witte:Lai* are *31,:liatIl7 OM% 'Nit w..1 fitt tt O soompoiniel by * 

etar104 irseroolr. tel fiVIV • 0 Via ( 035 nolighe. in t ,erto 1244 

fleti *E *400/44* kh* otiiiime4) *rod stooreecvtn sogiti* GM ***alit* 



82 

2frob.11in sad tests f  fibris% end ar*..iriesially s-5,-7)1 rt t^ ' 

..gtat ',ori too* tft *re free" s strip mine of* 4../141  yet tarn 'ifty 
:tmapterty in see. '56$  • IT to. I. 62 Wee crook :aunty, wyetelt 'nle•ss 
ot.hcridiamt t, t nts tast.iis ita4,ee *l rtes 6 psrosn- 
in distill...1 esters 

',4091. fresh arta '141 n 117 
oxidised 

;vellin -: actplasity oe 2 Tway of twvonite 54 "7 
in dist:1114d vtoor (in xis.) 

2 vinute 7.4 ,0 

;Au -iii141.11& 1;) 3 LUCA! 1'.Y 1,04 
411 UPS:* 11' ale) 

"1 vdtV A t• 26 IT 

6 olsy 7 9 
viseeslur 
(wantspeisi.-a) 6 ti goy 1;') 

7 , der 1 21 

Yield 7 ati 
(berrels or 15 op** 
drillin.1 out per 4 .4111 or 
entonite) 

int tot 5 4 

301 stren4th 
(in !Tame) la) 7. is ,./1 4 8 

pet e).2 5•9 



A;Lare 18...Normal analysis mrves of samples of undisoolored and 
disoolored bentonite froi the Clay _:,pur bed. ,:urves a d are of 
samples frol3 a strip mine of the American Colloid C:omprtny in 
sec. I:), T. 9 N., R. 1 ',44, "Late mouth Dakota. Curves e and 
f are: of a en nple from a strip mine of the iiistorn Clay Prollets Oompany 
In sec. Y.), 57 V., 62 Op :,;trook County, ..yomint. Conmf.relnl toots 
of samples are ;ivcn in Abl:s I and 2. 

a. Undisoolored bentonit- (whole nalple) 

b. Discolored bentonite (whole sgrIple) 

c. Lees than 2 micron fraction of mdisoolored bentonite shown in 
curve a. 

11. Less tAan 2 micron fraction of discolored bentonite shown in curve h. 

e. jndiscolored bentonite 

f'. Artificially oxidized portion of %.laterial shown in curve e. 
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t*a sett ci.  ct ten te41 c•" 
(striAlw ort 
,ITPITI'C II- 

C (ILI a oC ‘ t ovule 0/ 

OL 0 (..A i: 11111Itri 

(ouss42) 
La: ..a.vpi /6: 

e,  g.t Cr, C( s 
,,, , c, CZ ctrioeltvA) 

uT A:10touwf., 

_ , _ _ _ _ _ - ,,,,-  

PPY ;o 
WI Cr/I it Cc VI 00e/1 C 110111,41troouo,  

potilJe% 

*Ay 'Autio4441 9 Jo 4,10 pow,Anle U 
l'r400 oPmeilm J. 0.01"004TowaJoo Avos ;o •t w,044.1 a rte! 401OR poortIlau 

JI p44010-forTrut. 30 41406.6 _;c; el soq Alyt/Je:-..e; 

g3. 
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Cable 4...Results of ion.exelitn ,,e oapecity 4etertination 

:stimnis Cotal ...etion ',Axelrod 
eze;ler. ,e cation 

Na g -J.../1m. (less exclange 
.,a1/ 1,14! onions) -1.eava. 

•••••••••• --  -mg vaimirersearairawrilmims...0..........sowairmomamsoiratftvinorimmftillommumitillIMPAIONOM 

1. A .3 .21i .13 .02 tr. .79 
2. * .11 .23 .), .01 . .30 
)t4. a . .01 .01 .52 .54 . 

4, 0 .59 .26 .07 .03 . .39 
''' 7,184. spur .12 .18 .36 .01 .02 .79 * . , i, .31 .2 .51 .02 . .87 
7. 

4 4 .03 .12 .31 .02 - *91 
8. • • .2' .21 •35 01 .a2 .85 
9. • • .16 .19 .49 .02 . .35 
10. * 0 _ .14 .43 .03 . ..:3 
11* . a .20 .13 .76 42 . 1.00 
12. * . .20 .06 .65 .01 .. .73 
13. . . *31 .24 .29 .02 . .76 
14. . 4 .28 05 .4. .01 - .79 
1j. 1 .67 .24 .42 42 . 1.35 
16. " .12 .27 .42 .02 - .82 
17. a .22 .53 .42 .05 .. 1.01 
18. 1 .54 .16 .18 .01 .06 .95 
19. 0 .64 .4k . .02 . 1.06 

.81 

.91 

.85 

.f.0 

.84 

.89 

.82 

.64 

.8, 

.78 
4148 
.72 
.87 
.8, 
.93 
.83 
.95 

Determinations made y Jon isthsvisy, dsreld Otselber.ver, arol .'esker, 
end Dormtly :enrol o't. ie U. 3. 

1. Jed A, 11rnt colored bentonit,  j feet . inches thick, se*. 5, 38 T. 
1. 6, W., 4.,ok ".;manty, (1,f,s. 10, oarv( b). 

2. Aed A, 11.-ht f-olorei Sentonite 3 fret 2 inetes thick, sec. 36 N., 
R. 62 1,4., '.rook !ounty, Wyman-. (Pig. 10, curv,  4). 

3. Bed 9, liht colored be ntonite 8 inc'Icts thick, sec. ;5 T.., 
R. 63 Ols, Crook ,:leanti, Wyominz. (Pig. 10, aarvt e). 

led 9, blais4.-rAty 6ent.,nit.' 1 root 7 inehP, thi*, snc. 3, 1. 57 ri.#  
R. 61 W., crook lAsu v,yomin!; (F1'..'.  10, virve f). 

as$ .pur bed, li:ht eolored bentonite 1 toot 6 inches thick, sec. !A, 
r. 58 N., R., 4., :;rook .leanty, cyoein- (F1,7. 10, curve h). 

6. asy :;pur bed, 11 :;ht colored bentonite 2 'toot 7 ino!vs hick, se©. 5, 
T. 57 N., R. 65 we, Crook Jounty, 71rostinc, (FiT. 19, oarve b). 

'lay Spur bed, liAlt colored bent,onite 2 felt 9 inaht.s thick, see. 4, 
T. 56 N., R, 66 iri.•  c;r0J1c ';ounty, 'iyoming (Fir,. 19, curve f). 

J. 

7.  
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Table 4....00ntinled 

5. A.tly -spur bed, li it colored bentonite 1 foot 10 inhes cee. 2, 
T. 56 . 61 4, ;;rook Ica xrity, loming (Fig. 19, curve h). 

9. Clay Spur bei, !1*. colore entonite 1 foot 10 inches eec. 10, 
T. N., .%rook "%;ounty, Iyamin 19, curve i). 

10. Clay 3pur bed, dark colored becitte 2 feet 10 ino'les thick, overlyin& 
material 9. above (Fi. 19, cArve j). 

11. Clay Spur bed, ollve..:,reen bentonite, from strip mine of American 
CAloid Co. sec. 15, T. 9 N., R. 3utte Oounty, South 3akota 

1$, alrve b). 

12. Clay bed, undiscolored bluf, bentonite, near 11. above (Fi. 18, 
curve a). 

13. Clay Spur bed, artiAcially oxidized ro strip mine c) 1;astern Clay 
Prodicts sec. 36, T. 57 %, 2. 62 W., Crook County, Wyomin:7 
(Fig. 13, curve O. 

14. talaterial 13. above before artificially oxidised (Al. 18, curve e). 

13. Sod Fo  litlt colored bentonite 4 feet 5 inches thick, sec. 26, 2. 9 C., 
R. 57 K., Carter f;ounty, 'on Ana (71.. 21, mArve f). 

DS. Jed ;:" li!Itt colored bentonite 5 .Feet 9 inches, sec. 9, T. 56 ::10 67 W., 
Crook UoAnty, tiyoming4  (-17). 21, curve Os 

17. 3ed 1, ,day and browniffi :Tay bentonite 2 toot 4 inches thick., sec. 9, 
1. 57 h., R. 62 Crook '.7ounty, ::,yomin7, (Fig. 23, curve h). 

13. led I, yellow and yellowish brown hertonite 3 feet 1 inch thick, 
sec. 35, 4 12 N., 2 !;,, Iutte South Dakota (FiF... 23, 
aArve 4). 

19. pied I, ;Telenif.1..:Tay bentonite 2 - 7 inches thick, sec. 55, 12 fl., 
2 3utte :7,0xth 1)ako':,o (7ig. n, curve f). 
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Lit +At) unolgidisod an4 m4.0409 13. tn *A4ifted)ii 

in order vs 640.* tho riftio1.3111*4 thn t.t.esory n^tors1,1 

lowtn- ,uty *idt r hAm'AMS.00  ArIliin W1TP ,10,4m tart 

ekAepiewlsinea ;0'7 this tintltsriolorod .natorial tr ",serwpw'.. ;vnasontriatleona 

,A111 .;f3r,tontrok• tone a)5.4 4..ry optliar4 

• 1.,190 `,..ner-Ptritoa vtoettsoi' I tr4inIth 

4.1rp•:„M In rloro flogd• og 'io opthav4 eIW 4 

Yo viO*03V.: ungl ors =0,41 1471A0d aml lit otron vas Amor 'Littiost :rooter 

0a0panotcno xr vi IsAllnd wemv* 4101 tutt4111 -  soklaatAts 

• r. stt:Mtly imrirlivo4 tr 1+Irw emitreAms '=t were tawor in l'Zve 

kfrj.) t oi Ivry '.t In Ast,i11*-1 moc..or• «411 ttHtn sooroV.log 14,orgt 

cent rwydr tr; the 1/10  t ww1 teresA wore 

then too .iinterikto4 bentrp)1 --eas • 

AtestakvatagamaiLiikL.hzz Jett:- 

te 'wpotlaits vat %opt 0,91•144 th. loaroaao In 0011oiAma proportios 

t ytnø Ups ,0 in soli:5r fr• tt,-pntA•st:to rev to QUO. 

lfreaitt So Alwo iteettirtkettAcc <V wont Arkiss ovnittions In twdreAs= oier. 

ProolossAy 00'.,or is ivy 4~14 list tar VOA s hill 

delve in o1• in t%0 tine f;v411840 lams t aolalcilee 

,.fl sonlatortlIonS.%4 partio1440  endl in Ude vvolitton Ia 

sewtolAteflato IstabIlity of tho der attar Opitatts *KAMA* :Q4Itetottlitiri 

• *Orr,.* romoin in 0,-..,;y0:111VACq. Or montimoril/Anito .:144,1100 

to' 41'0  no" en$117 01400W1040 /t owls Wel). that the Nyir*ted •Itftr 

vso14 bo moot otatt) ,- Vlore Oft Wt.,. 4fx ellt4,144kb Sel SS soave: 

ths oftly Ion iro1 the vittisr b*rt%%Mt:Sort 111,nit-o olsoit 
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es VW. the weto:ir blt ortemtoi in t*'w uri.ht 

end :"oretwo .v*1y die rt. l*to. Pr,***4 r! 

taLtew...rst7 bavtdoelitlt is wow roon Imo oltei wet otvl oet 

.:1?-101,0t1.Aoal phone:lona et- stiw t, 'TA/ It'artuot oxisf.11 

Vrul clow water eretos. A.cwt 0.7 t;:lo Aoki w*trn' syte_f•:.;1 to 

ierntrored r“:04) tote o:oors are as* ea tr ilv./414o(),*  

arvi uolo Esqlloidol proportktee ore Ivatly tnareasol. 

Lipommt;4014 all tionwoito :Aot iv not dried as.„ eismuted teapmretaree 

olntotin.t awootalle ookemt, o vatAir• Atott ot this tenter :not *040 

iporootrte ‘r14** ent of wtor ioletc.biee in 

41.4i belo /raqaittfiA 'tendirto:re am! 14,1,'Neween (195; IN, ifiy.pgr) ito 

60in .431:ot1 not. Nis not to tio4 07torna1 /hoot of s:141 our 

elnars1 b, tho fietrtion a,ame nee, Invelived tn !Ise ittlA 

:he watob not wit% i.N410 olry7en w oillooto ahead.. ;Irts Wooretioni 

orrakr.:0-,mtt %he note, soleomifte hoe *on eritielsoi beamwse t' rotto 

to tviosolott tor irroqt tr ragequrpable ion* (40ANnodtas  MO, p. 115434 

and wams probnbto 1,7tat ho paAPAIN:. of ww,er *boat ertall ions 44.4 NW* tfl do 

With the orieL%atAvto oat-r 11(446,70 aamAmorillonit parades* 

0*41,04, br MO, 11* ".>9.23) end bi lenitriekso 

notaw, and Ale:ftnlier (100# r• 110.4464) hey* 0'104,1 list et * 1/1411  

Iasi vapor proou4vo the *loom .stn ot Par mo lootiorillonVe in lower 
1- +4 

U* n for U 011 *pie* 11110,* selleseont, osiitur 9041t4Me %-hø o:votin,le 

• Na typo inelNekeeil tø lso tiettootoble ,317 7frrest lootheAs kortoh 

/ 4 
l'ertor 4,ion 4ao* ;11 rzontaegrtilottitigo• It 'Oka br-on feetieblifooved * 

Vadlen Vt,n, and Mirk (19Th p, 214m22-) $11 ')ii* 4400 of % 'ftorntaortllonito 

end w Noonan ;Wow% end as (192, 137104,74) for 0a and Ne 

aonloorilloW4 that "star low not polotoato gam v'tie oloitiravo *papas 



s% lainowal :mat otitore tn tntegrol Ivor** ..11at, int  A ire./` 0,x 1.tlAr 

NoltmAken dilate not 40 :tri too or, .mOtil Vut pr1:1,1414s lft-;er invl 

esoont4114,  ea o tivc. mentmorillorittr. 'rosnmeA 

is too only **Lion present between two aiCao-eolt flakes o7.  mente.orillonit* 

Acre to a IteCtntLt: are or le** slisAA levers le ortcnt46 

weto-r at any •Aven low eortent of taiolitqr,'. In the err W.4:TA 

Vif7 atve .irk o' noietor •314111* too,114 a 41-'rent nkstOvrr to *team 

liwirit in .4' isoot,,mrliiertit.., nevi IsentavprillYnti °At Ts Att. have 

1.#ynloy rose's% ettll a Ward wpilitYrion 

lolloilol prortle4 o' oftlolt -t;leAppe vw ry Low rn4 those 

oe 0.),114m bentoni4or arc very 'ii ht vvitevere pre,d,oero 1: beittonite 

4eve severed year* tNat .4 v1111 ool,sht, n.  witai.mi is !women,. In 

eseentially ell ' ,,,tonite vullt /les vory hi h aell, i l prep* Use. 

(1 1, p. 77) ou 7140,44 vatt a eertAir alItium' of etWlangeoblo 0,1" 

tens r nieetlee d in esitee bentonite zAto pi -413e ' drillin. mo4o 

ln the basin gt xonly evidense ha WoortoW V144. oalettra rie,1 

sonts&rillonite Igen" weqI4 rent 4embl*. water ler? particle., and 'Pooh 

perttoto* timid l *peat* a littlo iitsorler in tho• ?Ask 'gator nyey4r And 

allow a t3tixo4revit waimpev.lion to It*m lore neatly, 

:loollte 0 se- Al snelweo., Amie in * investilcAlm 

initINW4 '.4at la.  is eitoontiolly ti,e oar tan trvalenein,- retfvUon 

af vic:or in the b1 ,00erief midtivfoloroi eiee t IA. owned a nna 0). 
4 

41110,, et: the )111 and 34 Well Indioated W tan szclonle efliwarwlon:',8 

(41,10 41, samples 12 ood 14) are probsbly Wasted as t- stsrf'imen 

vontitorilioni-... particles not enveloped by moor. or telgir!,  lir-ral 

particles aoy be ',operated only :T; e-eulnlosbie 0.-  eft' wV.hout the 

el' ester onlimules. 11:4.11Noect that Vie kin4 woftmn::/able 

90 
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on t,he itIrrwlitt 3 vw rmr*.icle moo 4tre& rx olt! a71.7!)07.  

orrne (1955. p ,1) revottled. 

e 01-.04 layer n..-.1.orpleo -411,h adjatont 'vent rrrin ons, 

nr115"...:!ier rt Liors. tr- rfts he :Actor. 

• sAq7re ortan4.W.ion tn 1r41. • 1 Aontmmillant'%c 

:1.117.4to to inflgernood cU r 44t 12,,vi tt ozotliart-f,  reet0LIat ttss', rerilasaea 

py tve.1-. other tan vo,..1201 r 11.111 s- ability 0- tho •1* it (system my 

tnorease oollaidal proper,Inve b o kliolarb Ui 

*siren ;insult o wet r tr4 :4Viop It ervti tw 4 i t.tr a•,=)r

o  

isalseulea 

enter bet's en mineral tisk*** Na is mom .4X2M2tralf rapIlmoed bp 

• and 3f, 1 Is seallable in weak a014 that are introd.aeed by 

ly5-tni water tml -wised by. Oataatt watfer Ailqesin 01% OUI' Wee IA "TA bentonite• 

An ample auppl7 o• 
I 4 

10 mailable in s.ho i,tite aelenit. telt-h Le 

4- 4 -1  **von Ulm*, 'lout V'tie berttortic.elp loth Os 1114 A'1 awe very =mm 

ex6tan *able Vine in the S**I Yd . ' 4 perhapit evae I  in !hey 

monic4orille4:4 tattles 11 r,40ftood by olAsOlotirel sobatitutioa Otie-rby 

'"..0 3.;
4/ 

la roplitood '3)• ether ism, ph* pasnibllity thW. leet^'-voiral 

ItklUatttatien ear tam an bapartant hoartag in the swelltn- proper.1,0o of 

slays wo won diawi:ii to,  :war (19)4. !pa 1.46) •  

ava 474mon bon.-t.onit41 ell have very low o.11.1401 proporLies e 

notapred with **a tun !)ontoni ord thaw ore 111t,: ezehatre er Nifi  

VIesito ion* ow aarriect too f'airo .000 ISA*1 roplamment or  

1n* in probably ths r0.4111 that *Fah o '1141 weatheriti bentonite ri 006 

viii ho ispeaVioatianio Par 4rUttin iit1. bewim,iit,o, 

to adlition tO  44047311:  14  io1,4, WI!.k iwaturio 0.111 ftly Lha 

• *Still* of at-ntaariltaato,o nrertielee end aid In eplitet.in: . Aeta 

ire.*indILdflabaSePiwUid aalzabbas aor vve teiliovite ww.tis efkw/ 
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)1•2 .1.1130t tt ittistru 'r'e* V.14 1 *ft  

11.7%thoe :• '.7.2* the ter ;to ifetor 11614101.1.1.14 elearib 

3 1-tOr 

   

  

IA •!'.n 4-0 

    

•'let :Agee re4ltro4 f.-4e to4-sol7visttan or' '),e Ame bow.-.1,140:5 th 

Ten* andrr -Inv ttn. p `'.'41W.t (71-. 'tvorb .rd o.f. - en's Viet ar 

depot I !..n the allorod er prez,salt ,Airtor :.orrft AU 

';..orre.00 !trim bor ctetttm si Or Via t.", • .14  *0 3 WM el 

ne tat Ile;EW m1t en .° dOVe.10140 

deal rah). ;tolloil ?re ,,tor 1.13. os rrior ?vole • hoetraor a, • or I-  F.ot 

40.re.taits er., very prvi e bentptczi-e birportt torrtwirt mAy hOrtee re 

*Cll .1fhtrYhO suippliots or set4w Vuol dfIrrni "t43 eAtirlatn 1:17 14tr -.t% jraVII,I 

711 litorn1 the prodraaere bontonito hold the" boreAknite 

in not o' quA1it7 dormIded lomm,PrAet purposes* 

Txy2AW411 moon tor tqe low proptIrqes e this bentolAto t* '...stet the 

f4 4 
' for :4 h^o been *ftrried ",-)o ::". str• wino* -"noels 

ToPlitftit the dietriat %wain mach weetherol ttaleatromql ao4stial 161.ah 

eould sorlor sias s *ovals of an motor otIvly or .7A • Seoples beotomittoe 

Irlo Wow wean 441900.ts %alps boon iloogroi only trowom ewirt3044./e4on Is 

riI Vas* It somas Mat, tAl!.., /7071-..r 

lodiattO 4111.).w '4Jorrole 40,4141a/to. It in tor,140b/c, ok10A 

tioterlet1 will be -*Ind refit'i."r Vaart? VMS net 

prete44-4 • 

aaj.364..L9 

OtroroW.1041 V*13—rt' analo øthr dolr& bon44nVo e' the 

ileff Spur bed 04rvie I tml rk, 19, olroe 'Pow Viet it Le 

soopesed Seir son toori I tont ;_ie th rotry trt ørm V tx utt on Arki 



sm*11 slivonts ol or ,Ante Iwtfo o  qt.!) eett2one o' arm m ‘le 

Immin* ,44 ane dovx herat-yqte "Von "le 1.7,- ter pert cW 'Itt lark name 

Most vlmt 4ark Isminh p,  re ,pla?aost V legyt-tt 1r Ail 

disailored alai in wftith T1P. sited wales ere peeLtallArly it4in3iant. 

k minaret:4 ehtefly Stez.Ves  ere,  mare abtrAturgt. mod tenet 4,0 44,  lose 

en'Illar in the dark mane 4,-.en in V141 $4!N)m„--emt., Woht boutonitas 

her:44 omrime or theii it adored portion of —10 .Aey -.:vr bed r 

thAtsionntaterttiontte is eesectie ly emir ak‘r e.nom: 1 'moment. 

variations in 4-14? therial OuttIOS remit nivisititformoikl in 0 Aben-?aohts 

ion* and non e1 tuporl'Aas4 Na is tAs seat asuman idn twlveumme 

Vs. eriAnta:Jon al vette- in Vote bententts (Pio 19 ecirivA omv, 

+- + 
Istict owfvrol m: tle etelpeo thatt .hlr 4 or Mg Wh brio on inrortumt 

beecho ; mu the retention 0 wmt,or 10, same g read JI -1,7* 11  mama 

me th, and its. Na' is t.to •144.i #. 4iv-iteti-eole ion MA ell 'Mt  

10 osimplee 'dr !ifhti,h ten tipie'lewes mosaftcreetents were *eft OMle 84rIgelw 

$0.14)*  Prod n-41. or,  1' tip on 4" 'hp mongol (ri-At 1 "ova t) i rt;Alitted 

by tie OPaidi 114w tipperaturo paella .7=n4 e ;IC e*f4  may ;4,70 

Nosportiese non Amy mmaterisla or tin,  Clay 1por bed tiro ifwer 

`v are in 'moat ben'AinVe 4emlattee rt' or/0,01,14m rar^ir make ttr ft* modk 

ma tit* Porotoot or' '.1a tslAY oful a* s rat/ ti,tot ttmi erimy soritolt1 era 

below 13 percent* as !4e non *ley meriels elmetw. o' termtsir 

vertA end 'alleperip birowiz,/, qn4 selent%e Sre fortiottlarly sommon 

am4 a', la nee looftlittee eetoniA,41 eineitmtem ^law rive per:)ent ef the 

bode CrietebelicA, wee 14settfied in :tiv,tr stet:tit *lest e man:limed *If 

uhrsy nfeho,is by ,aemb*Pit e leoet.emtetry and Apioltoi hrst%*h e the 

le 154 ooto.iss1a e It VW pearible to establish that ftmramvp-uta 

• erietstwat'e tug.* a  -remt asSO wont in only an- ew Tai sampLas, 



19•0mDiefersrtiAl '.,•tatrael omailysis 4̀44!'VS* Of soup's* fres VI* 
‘,1*.y Spur beau:mite Uedo 411 fisaiwies ere loco aft* Ger Ay. 'dye:sins. 

*4 aelervi he.,1-1:_nnteip 2 Ntir e ineiesI1Ceeeo lo goe  
l• 6, 14 

''lore bentonite. P (Awot 7 irtntlee %Ids **a. 5. 7* '7 %of 
40  

9i 

Go artier ed terstonitelp 2 foot 1 true thick, see* ,Y/1  Ts 57 1.*, 
..C2 

do  • eolored ,nit., 11 taelez-thtir,.00. 411  re $ K., Ao  46 Wo  

5. • exolotred bantam,. tvip 6 1 r 3Neetnii iztJ , zoxterial apislysed 
in mama 4. 

:A • t eolarod tiell'Imite. 2 fee,  . liltrlee ".h1.114 Lulea both aeterisle 
sinidouni in 0)rves4 snit o. 

.;* flolered bentonite, 2 nee 4 ir,truos '21Inkil  0,54) 17, '• 1.4. 
61 ,o  

t. ;ht f,1ero 5t4WLttSteensy 1 f*A. In blotto* .VN104. ssl* 26, 1;(  ., 
'4• 41 to 

1. 14 in oolorea itioniti.. 1 floi,t 10 inexe* see,. lOo 74.41 
rt. 61 • 

1• Dark oolorod .ntit. 2 feet 10 Luella %Metes  ssuperjeeert 
aster 1 *4 I sirtelartie tn okave 

110  LLItht ez,lored ro;,..vniltro  1 9 infinite tniako eeco 231 4 55 Bee 
R. 61 '. 
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Jai D is a thin stream of bentonite that °emirs nimr toe b000 o. t'ke 

Foiirche 0401e. Throt4 1)14t mmeh cd!' t- atettiots  hod is m,71::- vire,4 

to roar toot above tho :,ice :!por bAntolatn bed, 4A wart vilo k 1, tin. 

*Meows snialo sone lo resent ajove tho A.cy 'ifakir boat  thc• stst4i1 intorimi 

seporettr t..* two beds is mush **eater* 4,4 0 is sammenty teas than Pour 

inehmo Wok, o.st in a . caf plmnos in the *Morn part the district, too 

bad to so otadh as 14 todhno t‘hiska, trooalloP there appear* to be a clorridation 

*Amon the thidik portion* o t Alv bed and bed Dip and it.. to 

possible that same of f%r, love in whi6h Aeliklink portions of the ,Aey spur' 

bed soomulatod nay have perelsted tiro40% th period of deroeition 

bed De 

4ocsuss of Its 411:7-evorable t%lemoss, hod D II of as ceonomic Laportanno 

sni Ow bed is ramoved wit tSo ev*rburien whore the 4.4, Spur bed is alnod. 

med ;) Le of intaraet boomaao of it* otratigraphic protinity to the Amy 

.1pqr lei, *mama bed D was depositad in a nerlao lanvirommont Vist 

walk* that in vh1Oh thy/ 4o Spur bad 4nd onoloatal allioeoua shale sere 

ispositode Sod 0 oonoista Ohiony of very lifINt grer or orawit colored 

bontonits. bat et mil gaga. It km, t rodit0h *own or salmon Galore* 

strat4n mow the beim and a 4arkar gray Iaior in tSo uppAr part. nlis bed 

rests setorply en sort dark *halo and "e en tspverl into suporjaeont *t fete 

ttroA1 s thin dark ooto red cone of intorlaainated anA lentootte. 

Aoth tele oharastariattso weethored Widalopo oni lote=retery toots indicate 

thiel bed 0 oonoilt0 or WIAsvaUtA.r bontonItoo faud An fooadrf 

baud toots as volt as thermal *maim. 033. 214  ear,* 0 littlest* t4a6 

bad D Is owlmosed ohlefly of Rs typo borlt.3nt to s the purity rismeilod for 

rerra.isl p4rposes. '4411 AnntvaroblO tAt,*n40040 Prth. i  remmon Vtat 
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this bed oennot be emnalfiered * sours" of bentonite. 

are 

liontonito 3ad n is n v'ry dar% lotered ivare bed that mows in tho 

lower port of tho Aolle ?iavtroo emle. *watt. of its eater and impqro 

nstArs, Lhis IvA is c,'`' eta thy, 4ode, How%ore in the -!010t,lf:rn 

'nook lilts :sim!A:rnito Anitr, allstrist is led elffialently this*, or pure 

senstittcut rAmirvas or seyrAfrelml bontanites  Jut. a 1 *vomit Of 

:toy is 1.tivd efti preowned Prim strfttigrophiael equivalent W.' this bed 

In the :44 orn al 17 .dills diotriets  In ',he nrierthern alook Into bad 

10 very Are,A1 asee raforense "'trot= ;11 letoniining the soy nt e. over* 

b*rdion *Woe Jley bed. In '-vt4 4orstn-.  ;Nortion et t* 

Cl ren7:es fleas o4aut 2/ ',A 30 newt savyve '::dt! important lay. 4.Ar bear* 

i tree bbl Ihsw*-1144 50 flee* *verb/  Irian above thst bold newly 

gminotios with t!he ol'.or*pes bed In Autto ligket44 %h. 

s'ds lintorvel silpsrsttr.- tvo oontonne beds `.hint .srem oboist 21 

ilov;td eater tho Wyo4in: tt.liveldery to 18 not moor the town et: istle ro,Ardhee 

In mnny plume bed la er!verod sell stv4 allwrtam "sat *4 ft rila 

the bid oen be Cawood letireier Ivor 1.11e YouIrs-,A rol:ots art,- at Ismet 

modoWAy well ow:;,osode  The etrstio's0i,! position vle bed in severed 

arose is itran WivAted tri7 ft se of siV14, plefy sell, Api E rwles io 

viimlmass from one to about twee ond in e Nnt piston it 10 reprosow,,, 

by only a ;Mr aone ot dark bentanitto shales Art.h -upper aril leper 

Wits 41C bbl t Arade tote VII' onolosin ON* Is thro14,1 manes es:' intsr* 

Iomine*A4 ietitift end bentonite. -No bentonite le df.rnYir Srothl eind tort-men-

iell..7ew with thin OtrOt* at tight groy mer Ove Kiddie of the bed. The 

lower port of Cho bed to !wavily iron *totaled resclitin in ft met, 

oppeersase of met wAteropSe **they'd olrfsosos of th0 thisger porttlfte 
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of the bed exhibit * rtoort7 device popcorn texture hat ?owder or 

*111-moor hide tostIrr's ttr .::ire -elerest,-ristle of tho bed Al/ m. w1v)14. 

f.te derk s7ftl, strata enelasin7 bed have yiello6 

totiontilista* sorttortte armors t'  have been de,ocitei 

vodereLely deep sitrine water. Varieties* in thietneee em-rsort tw! 

Noe floor on which the vollerao *Oh was depoolted was emreet(vrism4 

undulat.iens eiellar theoe lelloribed ror ley npar bed b4t om a 

oftoh seal** ithieloweees er bed g de not correlate with variation* 

to thisknesses sr the :qey iipar bed and a1tbe4gh the given sksrftoes or 

depaisition of both beds may be a eeneegaectoo or.  similar pqmmemens, 41e,  

ramie aeueinz the ,Ingtilv.ieras appear to 'lave boon active at itifTerent 

timesM two =lark toter of !ile bentonite to the reoqit of admirtAre 

-Shale and erdenta materiels to that nUai in Uhe enstoelial Maio 

and sesdisle that depoeitten *f led was nook slower V' an ether *matealts 

beds in the distriefte 

Usease of its int,ort netere and lAnl'eawroble tlio4teses bed MO 

eeepted env et tie beauties. s m eine ole, minrrelo evorti !Asn 

pereent of tIto bentoWm and were particularly obvtoJant in defter 

sw's impure ports *f tba bed. lie non ater eirforsile eesetst 

quirts end feldspar butt field lboorvetion* revealed that btotito flake* 

mare very *bold/ant slam *ems bedding plan4:4 *Id that come oeleatto we* 

present la pearly all of the eters 31,.'erentiftl thermal ensirese 

sample* Vigo 21, carves bat d) revealed that t4ey were oemposed *deny 

**dime Vs, nontsorillonitot  althes,i,1% ester in bee or the .lee 

appeared to be trifUtenciod e snail meant of ealeitsee 

A thin li:ht °attired otrat0'within the bed at ens leeali.!y tooted 

verit Mill in drilltn ,; proertime at the twit natwrial mann!! up 
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*rot of the boa proved to be deficient in oo11014A1 pr5'poedec ftatvIrdi.1 

to present stenierlic ‘.4oriirtiain7, mad. oemp.era ,..cete4 losi odwowAs,  

dry et.ren,.the blt only lkokl,rate 1 -eg IroolA otronths* 

!Sow,* or its cronovilucas Irey enAi nod *liars, !wild tau) i:no 

vow n44 bed rtmbey end iroploto (* 0* 4sorep 1949, p* 27)* . %ic moo 

U*4 hao also boon refOrred s rApc MAN p, 2,) fta GoatArrtn 0  *** 

approximately 9 feet below that AMU Lvosik lineatoo****  In the Astern 

part or Adtto Courilf, Acres% lekota, As * conooggenOe or itnee d***Kiltion 

the bed to **meting* rePerred ao the Mi441ri :;rsiteik bontonito bed, * mem* 

whit* hes boor looWieellr pregeoeupied• f .re % awe,* as a tkan 

weOp about six rest below the top et thti Fourche allele in see. no 

♦ 9 Nip*  ,44, 2 40, iaLte C4in*y*  of '1 .74ekietse 4ese then two silea northwest 

Vlat piece. bed P is sere %me tea Peet thiaito, Althea* Ito *atom, 

ere it:sally *owed with eoll and elloviuns bed r is a oeottwous state 

to tit* 4ontana end IfreoLng ports 4,1 the distris‘• Loftily the bew4onito 

is el mob so seven nowt thiek bat it evaro.-moor to -rive foot ir ItIt.srops 

et the ePiler 1611* FoorOhe strata throapboot the weetern loretwAy4rthe o 

twe diotriato *hole elioleoi bed F.' is pet and the overimplass aft114 

easily be removed Or heavia&ain: equipments Lar4s moorwoo of bontonite 

alto present La this beds but tokt portlen ear bd ? -ander overtoArden 

is restricted to sorrow **nos eIonr oaten,* eJteept La a few small outlier* 

sel4 inner,* 

goet of ti Little fart Allow bentooite bed P erops o6.4L in Vito 

Awes et emes040 enpperiod by tho reoletset ftmen Lake lteetWone bod, 

tie lowermost bed of IA* anaphora Power-tam. Nil dark sPlaie intorgral 

botwoen 3ed and the Ormeft Lake limostone bed booroaseo free six fleet 



vel*Irs bod Ctrs% oppiwo L )‘,1-4A. AtIth ,I0kets s-.0 12 Poet floor 

.14 eyomin/miiegrA slaieots lytm4ary ani %a 32 ;vet ea tho eastern aids 0= 

4, be lod mIlforts1 pliOr o- ;:lea 4eo%iri /vie seer noses. Nontonftok 

m seivrettsnils * devrelmx-„, tA,. la :r.ln Lao Lbwootions is not 

:1,roserit on that vest std. 1-  t.14, ellowlel plfkin in 4ttAto mhairait giver 

taller, VW* lood ? *repo 177 Poe". below boss *. 

4rftetienLii t'At me4hherhosii, Iv, *11* twinkle 'Flat eh.refo 

bed P sonttnuetalt !Alms.* in Vaakmoso ') sotthwest us me -0  tAgh 

,Y3 Post in the siou%weit part of $7 so, .4 /57 ,s  

Wielitalte 

Lao mos' holitssito beds the sentaot Wassonta4 ? and :he waterlytn4 

sktsle is vet' distfooto In met plasm, this somas inxbjtassitt tat t.he lomaomito 

is sot ft M. 1424,11, std Nato is t, t' nets resistont to a fir* amo 

to foliar ittohlot Wok %ea le limit strata, bentenil* tog °AW usmari 

1m%* ouPorisemt *A A10  t11410.:* * *ono e tntsasmiftstat studs end bent.onitook 

whi4h *6 s rao la ent7 lkirlst to ten tnftos Wfttsk mot gentians very WU* 

W:tmenV,,, to t,,o tipper hot* Mos lover 1t.4ilt selsro4 ?orttor o.  bod ? 

loomed rerxr [oat 2 knoh‘o in Wok/loot at rve letsoltf.top 4' "jah it 

woe 4k`iliF4 wilt a head sager* No brswnleholes4 **tor o' Ali to 

Iorlely foortmed lawr tie 11 Iv, seism: portion or Vso bot, 

''414 Je,41.wel aro beat bows In tls vesaft 4Msoa:04rtho of tho 4totrlets 

Owsos ro4 10,solee or* leog elnovtotows lit the eastern pert le CroOk Colaky 

am4 aro reprenontot only by yellow end brown iron stains in Os Army 

hontentto in thos South ileicatia :Art fv° 'oho diotstote we  um, rim enters 

o prominently As to 4:),* lawor porl or vior slperiasent per tentssits 

mealy swain* ttny rod ainoral opteko *Ash ore lbesily 'resist to 

*AfAaiant bbl t.ito pro4,4ea r'14%4.0 1r prole or * redAlsholrev transition 
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son* between. *.ia irifty nn4 t40 red oler. .T`hesas red speaks oxidtse rvodily 

fit or rear .(he ev:41r fame or,: never ro$20,1.,,! enterops. ,he true 

rod oolorol bon'anites  clw W:-her hand, welt4ers to distinve 

brownish eed oolers llsrops eV 4'.14111. bad. la ohoy weattiored 

arrotte* ce bed het well 40W eloped poile="rn t'extures in or4et* cat Ne to 

thrigo lneles thiak, end b-Aow the erts14 thero is oftlmortly sone et 

loosely- ,lommotol ftstuitlir Meet ,71: tio unweathered benLonite is 

ohorseteritei 4r a 0007 !,extare. me11 tliv-0.1 or biotite and ,,,,r1Ftin.1 of' 

foldeper, quart.," selenito and Wit'* es end trat.,** oter Itinerate 

as well as soluble setts make ksp slot st the non elay mineral° In bed P. 

eats orA7 **Lomita up to arty Inches lonl maather out of the bontY)nt. 

7einlike deposits of WIltst yellowiSh.lrey. fibrous oalotte up to tits 

inches Wok are Gomm in bed to tNo westiwn part of the distrilte, fto 

*Cott* appears to hinve boom deposited in j*WAs Ln "Ao belltonite that 

extend irrovlarly threes rn the bed. .:fie fibers in the enlotte are or*erte4 

perpmeitealer to the joist. Level! '.1* estate is so abonannt th*t 

meatharad framseets nasty sever outcrops 4111' bed F (Pio 20), ea311 is 4. 

smut:Ate se'` non alaysestertsle ;meetly re$loo LS* *ammonia potentinliqeS 

of the bentonie. 

ribrnue ealeite *moor* ta be is monswenee or tJ) ori-inel 

oevesitten t4* met roWler t hairthr been introdbeed by "'lure! water 

as indtleted by  (1) Abaft** of f tW earbmletee in the dark s"Islo 

onslesin 7.1* bentonite *his 0) 10, root tact riorlvto saleatso is rik, 

Obuodan1. in bed V In the *astern part of .,ha lever* 1,Ass bed is 

Sitwod * u:Allot below Un assioNMeats streNt of the imineorn n%mmettes 

Shiloh it. -the matt likely *suras of eclat* introttfased by diwnverd 

pereeletin zrolAnd meter. Colette must be a prldaet of eve alteration 
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preeeee br  willoh the *Oh wee devit,Wied mortairilioni,,,e 

Wiest,* that elterauon was tov.in -  pleat etter joln-73 for,A4i 

in she bent.ime JaiwAs eptli no', !law . eiroieti eo. rt siAhwerime 

eleatuents; -;:heretAre, •,!Ne preeen4e o r .1-ihrtv.se oftl,Ate in f9peare 

ult **port et:7ary 1.4c, alt.er*tion n j 'Ule meth le ANy was vf,111 taAnx 

pinto :,zilotielft Gioeinte !%'Ial, raised the .4tiototisowls marina sUlkate 

above nee level in lete klAtta 

A some. eart).4 :AJIla in Lhe otIzIolir- *Nal. 2“ArftLa inaifttes that 

volatinto nth IsIve eiterei to bead F bentlnite aseomaleted is a 

marine enyirovnto Litti2oro sharp eentezt o T.hoo ItoWnnit,e with t'ie 

sAblesow. s'Alo a well ft* the kgriVoirm tminelee ef the benterite bea 

nod oolor strsqflostiass withtn the bei (437eete that the este floor en 

WA1*3 depwitiou took plass was ii nearly *ft-olth sArfette well helot: the 

lap th or vi„ roux wave citation* lut *beano, 4%rk /solos* im thos 

oolorst pars on of Ws .bod smi this thin ,,wift O v..04kr1masautit braosaita 

em4 dtrk semi eh in Vla uppoortmrt of thto b44 tit doposiAon of 

the amt": woo et {'fret very rapid and tuct tha Waring eff ttte,  

ae4umaletion of the itts toak pleoe in a shortor ported of tiaa Ulm for 

sios t;11*k bet.:toni-te be44140 t'est that: bed Y is usireparatr tIttok 

in 'Ute ate :ern pqrt of.  the dietriot. 13t. vedIee eat tever4 the east tereither 

with 14 =; ot 1Ale entslosin shale otrata '.''N "d the 'met ov/este 

tut the ecelroe o!' both VPIO *a and the erusiltelnn telliaente wee fres the 

west, 

aVfOrantial ttliarmisi Sys os earo made 4,1 al% samples :v 'he Wht 

en4 nne simple ssr WI* sp'er dark parts o Vt. 214 miry** * • 1)* 

earOo ,Ibteinett -or tfil 4erk Semr41 oup,erto the mad assaLlsion 

the dor% GAM is a oonoaqmeaso. of Ohele impurities. :lhou, 400140004 
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Obbetr movrtearillostAa 'he dark material *hewed rather low enl.,..,;:t1L1 

peeks correerpondin- :As the lace ay eboorbed and 3a,ti es meter 

mmeh dilution by nen am apterials• i theirs.). cum) et the dark materiel 

oleo ehomsd ;Int it aeatalseed abost, 5 pereeat Ammo ammo organic matarla 

and a little iron sulfides 'Normal turves en4 t exehwo da%a (cable 4, 

/Ample* t  and 16) go:' •ItAD Wht bentonite shoos* that bed P La composed 

411sely of aantaarilieritta st *so* looaliqos soil= is !,%lo lominast 

eswogoleable Ana tut so, ct.,her 16 -NeVittlasebtil ItaI AIMS SOW* fra 

mere shundort than sodime. ••ne sled havitt„-, hilh drillinr, and properties 

predeeed a awry, (Piggy curve t) wile:4 et tasperatares below 9w% is 

wiry obautur !,05 f,:hormai wows* ot" onrtw#41N1 type bentead Es  fro. the saw 

3por bed. Ate exothermis reastion be tmoon 9)) and 1010°; is this maple 

ea other samples rrea bell P neither as Imr7o nor distinot as for anst 

*Sams neatoerttleolte. indiesstW a Wrerenao in balk oempoeitZma or 

etrwelMOMI variation. r+ s' ass** et Lee ao1loi4o1 proportion 

*how ~Iced variations in the ohnreeterietise of the tow temp-,,ra. uro 

tutoarbei **ter police rosaanr: tram this sae* with whieh weer is release' 

olay. tlediaa end egotist ere Q% dlminate elan.:749ablo lens 

iftdiaated kr the tAarael analyses, left comhanls measurement* (, .tnble 40 

Oecaples 13 end 14) indloain thsc. aameeitan is common and some heromen is 

present in terd a'ectei4orottie eeloium earbenote woo present in one sample= 

(Ala 2la oar's r) se indiceted by a lards 41754,70r1Rie pis* Ultimo 775 

th• esetplas o the reibient ben.t.cni to Yal tad to *Now peaks 

that ars ohareeteristd4 nee troni the nentosrilloni,o ethtmrsiti  

in rich in Iran. It mast be spoor aluded IOW Uwe: very soya 

nentronite in bed F. 
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3S00 

ed occf.tre 4' to 85 Pert strati7,rephicelly above ben' 'nice bed :e 

'41st of 1.4e clluvinl p1- in o the Littlf, AissapAri 'qver, bed 3 is about 

5) rent. fth,ive „ho base of the lreenhorn lei crops oat 

inter-ittently in l'mor irisionhorn strata tqat e-. ̀ .and ePbroxita-tely 

parralel 'o !i.hwfty 212 'Iletween Alsedat  !ont.ftna and the Jyosin*w. 

•iouth Dskots b,oandery. In the oent:ral part oP  the iist.rict bad ofl-urs 

ri.v41, to six eet below c 'grin 'Ord telich protects ber.onr,e 

:Tors eroiton and Tiuses it to lie under 11.-ht ov rburden ovor considerable 

Areas' .;est ot tile Little Xissovi 'Avert  '';(1 1- or re(-nhorn strata 

nnolosin bed ; !;rade laterally into dark-gray Jell. -...xretle *lel., and 

es'.he .reonhorneilelle 'oqrche oentact rises strntiTs.,)hically toward the 

west increcoin tlick:nesses o' belle oqrchs shale occur above bed 1. 

le-:! . possesses about t-ie done de;?ree o' resininnoe to ero.lior 911 

the av lee ostb:)ve arvi below it; ;.here' ores, the' bed does not form led oli%e 

IYAterops lo rot otAer bentonite beds.  ,e-tlered varfnces o e bed 

are a:lsrnotorized 5y loisely ocrvbeced, -risrviirtrt  *flentonitie soil w'lick 

supports :-.0nnt.y ve-ettetion nod even the best exposureq of tie S,rtrolite 

in bed . appeftr swell very little wen wet. nonclusion betted on 

neld eviie..oe that bed ; bentonite h,”, low suellin- c,roprr3tes is verified 

by results ct laSorctory teotee Locelly the position of the ie marked 

by white alksli effloresolinoe velich has been proalpil4tod rram 1.1,1101 

water trap :ed by the relatively ietpervious Cen4 onite stream. 

limestone concretions ua to *I inches in diameter nre preser't insorie 

part the bed, yr4 in :rev,  r,.1 111ces pockets or loosely compnoted . 

pow4ery calcite core obeervA near the hose of the bed. 4)146 onlcareous 
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natore ate-. 4 roanded %hose paccts. t`-vAt " 

f'ormer Ana's time* 

As a rale, bed q is throe t Ave fit. anA Ls oovcced :ray or 

brown aolorod bontofTVA and is commonly hoevity iron 'stained to the at44114 

and uppor part* ?arta of: !1„;10 bed *peer to have a wary Usetor- but the 

b)ed es a whole is ac to by an ekrthy toTtkAre wore like that V 

mina ry Aar. ht mach as V3 pereent- grit end. 30 percent total non day 

materitl is not,kusocsnamsint4* bed* :Ns non *lig astArial samtlets or 

biotite and calet'Ab in anremoolig leve prepert.tone with miner its 

rinco...Tainecit  enjacr quarts. Nidepere  eel d traoos voloenics 

IWO en. other ein.valo. fte biotite to eefflaiently abmdent 

etro bOddIMOIONMOO to OMMOO t to applar almost WA**  aollblo emits 

ars probably *pry Abondont twattido body partisalerty where alkali 

erlortaeono* WWI on asatherod trirtNio004 

No sontset of bed with embleeent Oslo is iietinct but V*e bed 

amide' int* rAis superjeoent etlele tlr, a transition none 6 to 12 inches 

IM140,41 west of !AO W.tte -HtowNsri liver, 'ewe the be& is enoloeod to 

deft wale, thip treneitieo sane oppsers to be marised br so upward decree** 

in the umber e" bent it leminme, or the Little MisorAri Aver the 

eels, end totter* of Oftener pert et bed 1 io very eteilsr to Vhst ef-

Oopperjaeont eoleereoas wale end in, 0807 0,44** tho ‘Iredetian consists e. 

a oontinaeue deems. in the emailnt or hunk' its rather then a decrease in 

the somber of bentonite leatoeft Aoerefloeoilp Iwo* net been prsoervid 

in the *Aisle ensleisin bed 1 bat the thin itneetomo bed oecIrring five, to 

Alec Not skive the bed 0 is eery AsselWeess00 lbe limestone esettins 

sharks tooth end many nralsents or pe1oeypo4oc %see fossils td)let%er 

witb, vipplawmerks indicate rather or:41114w omaglitiensc It is. likeily 
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that bed 4 end its ftnclocin- OKINUNWyte prialec in the eastern part ft° 

the district wee dellmitiott 1,1 It fee hex`- was noi.mas!h deelwor *:le ch.1 

*hallow der,th op.,-,,otied by Iimestame be*. Oematetont tit le of 

bed N lug 114ocf,one hod, and the *AI* interval bewann Its limos'/sm. and 

the bentonite indicate 1/nS -,,,rm depool'Aem whilh te view o' evilenflt nor 

shelve view de of ouleoU ft quiet see end a mild alimate• :411ors, 

bed ; to ennlansd In dark 91e .e west a 9.to Lt tlo3.ull:y..40_ tver, Vie 

so& ?rohably wan SUratitly 4e,vor 'Jut z *meAl 4 • 'mot heyrisone st. rathsr 

unin,rm in%Oreftlfil OW ha leased nrill wIlsarcrele 'totes into 'hrs dew 

shale indicates 4 het Vss tkark wials asossulatei at, *twit sal* ra-AP as 

the ityanc!.on** 

Thermal staairses er simplas or baritaultdo rola bed ) no  *Ivrea 

a eel b) indleate that the bentonite la acceposod thierly oconttaorillrott!* 

with censidarablo orcrunte cr" calcite, colosize and o1,4er impurities,* %early 

persaist at one aimple is egapess4 asisalte sad the sentatit te.  

eatelua i o wobably ter*tot as 10 per Get. !tioroso,710 414Aittations 

the clay reveal .‘.hat Us* ocklmiteispreetat is very trierular mot 

or VASA Oltow evidence or sokiktion hj ;mod water. Ns thermal curves 

*allot that *Alva mil adobes Ore Via issinszt exteiamisablis teas tsmosiorip 

the Son axwlen.:t eneleorenento 0' one sample (Zoble '4 sample V?) indiente 

est* salteeltia 'Asa seam or *Matto* 
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a'n 

Aeri 40  m thin but strevxm or viry  idipur,  0147 o wAvtat,to 

oemsrn 70 to r. below the top e tho noWler o Vie 

eiorro &ale, Sol 1 S* only *bolt 11/2 feet thisk, tut it is very 

pweistent in the northern part o Autte 'olnty0  ,;omith Dakota and le 

present in a Pro exposures la t'ae ~tarn part ce the district IA 74 56 Net 

R. 67 W. -;rook Aunty, Aycein744, Preoweably the bed also appoara in 

outcrops Or  t Atmmon 4nit vilioti extend many sales to the north the 

ilack 4111, 4etween them, two immlitlen. iod 1 in composed or if It 

brownishingray. herdr piety olgy 'Maki weathers 11 44 gray or iveArys  lvt 

bad e,,, mer,ly contains as ouch os 2, pore en silt else pertiolwe end a total 

of y) to 6, peroont non clay almonds. waterer sqrfaeoc or this bet aro 

eharecterissd by alligator hide tett4res and are commonly littered vith 

small plates o." hard ale). 

Swells: and f'elfteiry to cede on a sample Cram had indiewto 

tut this 3aterisl ayepractioally as oelloiJal prevertios, leach is no 

doubt a sansequene* of its ivoureasoUrt* heettosi analyais ear's al imo 

aomplo (Fig. 23, curve a) aloe *News ay iou IntenelAss of charasteristio 

motion that clay minerals do not sato ap a War portion o' '-.14 bet. 

30mplom or bad I *toiled by optical nsthods rovealed that the sin clay 

mineral° cmaist ahisqy el angular feldspar and querta grains wit.h troops 

of voloonio glass and 6ieti4** 7he bed does not appear tJa have any 

isomemles yam,  and to disoortbod only to oomplete the ot41-3:,. 'he bowtontis 

tepooktte 0: ,111, district and because it lees carve as as *resilient 

str*tilVhie marker in a thick sasoessiso or *halo whorls diwrottio 

'orisons are ot.teivioataisoitAge 
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syn I 

3entonite bedL *sours at the %set of the littem masker .-!f' the Pierre 

fiele. No bed eonsiste of savtwel strata of bontlnite oepereted by 

fieeilv partin -es . 10.4 I is beet developed ard imposed in the 

droIra-,er; o; Nerth :euth Initnn '-̀ reeko In ',4c northwestern :-'it 

of .1.4Ae .o.katy, South :Ivmosit  wi4o-rs,  it rnel-Te In '_hlakness g1rs 8 1AZ to 

12 Cowts In -.Iwo weetorn part the,  Indian :creeks neithborhew-44  la /attain 

alale exposures trend in s northwesterly directIan. rhte trend vmtinuo* 

well in' Mantel* fir beyNid the Arlo e the promo:it investirffitten and le 

divart40. t, w the sosthwomt so Lhat bed 1 Is slain proostint wIthin the ores e 

this report. La nortweet part er ',1:rook iireato,• tha I is known 

te be present near the northern iistent et to Mitten elterope several 

*Mee northwest of Alhion, NOWNIM440  end the bed hes else b.* mopped in 

to  7 344, I. 411  Oarter t",eTnty. %Wane %)ri thm western limb or the are an 

*Atom pattern. 'tad l to Iowa thitompor in tillte veetern per% ef the district 

and is represented in Creek #yontn-: by lose then three plot of 

tentonite interstretified with two thin *hale levers. nu, natare 0-1' the 

thinnin4 from east, te met is illustrated :Fraphieelty in no 22. If 48111 

is a oentinmouto *trot= sew to iotIlooted by its persietemto in 41u aroma 

in whieh it beo bees examined, this bed maw be preeent under tight ever. 

Written in a nsrroq; vr.ine *Ion- '%hs, 100 litlo lonr4  istmaftto aterep pattern 

oft Cho basal bed. et the W14$10 umber. 

Baas bed X to pospeeed et very low swellitv bertoni4.11 and is 

endiSeed iset met dark shales  geed enreeAree of the bentonite bed are very 

me. tn frogs exposures Ow ewer Ammen strata Wow bed I end the whorl 

ittevl wAte above P,sie bed sp.:leer very modi but as weathered 

sartlaoss rr :ea':: omon et.re',* ere dhersoterlsod by roe* grey colors ona 
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tondo f4o suport loss Welt 1Nxieh turn dove the Mittel wait whioh 

wathers $ 4a0k.iray *ALI* .kaar /contrast be sr sale devolapod 

r$14 two unt Is often ea fielset to determine Lie bwolotar, be:` oson 

them emAi  Ylalrenaro4, to /seats the position o!: 4;30 Is tkim **ler *entreat 

1* partiolittrty apparent, on eerie& 00404,000. Ito Mitten *Nolo is 

diet,inw,ty more reslatar vise upper eamea babic4 *r a lormetrianee 

bed 1 A*014(1014 oeours tads' a thin alluvial oover at the base of * low 

twerp. 

titiok portions or bed 1 in 'ems .zieunty, South 3aksts 4040.0% of es 

mow es ei4ht bentonite strata interetratified with *halo layers up to 

rine imehes WALE, 1. east, persistent bentonit" sigtatom Whidq sveralos 

qty !Arse feet in thiekneoa oeous at or neer the bee. of Ws A 

bentoni,:e stratom in the was part o!' bed i Ia mere than three APet thi* 

in a aAtbaak a" North Dndies ore*, Intim/et boatanite strata to the 

aiddlo and 4pper part ot bed I telt to be tauoh Vokt000r mod loos persistent 

than ';.41 thi4k lever at 'the bftoe. As okras the basal oontsot w" bed 1 

es well sa lower lisai*,a of bonusnite strata within !-he bed ere vary 

dietine fir rather eeao ektrfteee, Viettk* meet other Nentonitio bet* 

blriAftritta 4mth the bad end bontorAto wxftta art thin 1.4e bed teed 

Lot be sharp or markod only by * thtm troneition svrAe inI,OrleMinatc,d 

ehOgit eria botvAxlit.e, Losaily Imo ttio velyt 1)ontAmitm. shags sleet" 

soalosee laterally into 't.hisker Seite Se akin a aulemoisttos a bointootte 

on4 thole strata at on. Ass. nor be ropsearitsi • elow huadred yordo low 

by a tanker ben.Voni t-e Ltnit enosloaediri *lel* etraTA. %kaelts 

variations in 4.1 1 ink the difflotlty la dotorainin;.; uhlOb 'arts of' 

the bed sre oinablo deposit** 
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Uaillsooloro4 Sert.,onito In Noi 1 to lroonish imay tohia material 

orti:Iten readily at or neer tie *meows °,0 Iron otainad evadoo 43" 70110W 

end *rancor. In 214 aaw..0t.n part jut ittstrtat 1thleA lowernoot 

strato% of bootv.ontte in - 41-: 'JO to darker iroontalh Irevn bra 

retain ite rotor at t4lo lor:40,10 more ';:lan thinner strata hiller in Ws 

bed. Th4s rot thoo wean *oiler at Via au rtites indleatep tat tram 

in ..?4,3 stratiAm is teas easily eloti4ised end may refloat aware in tip 

aanomiciloo of iron with slay minerals* 4"rtan 140 vatar omatent to rather 

!Alt% tftztAre *1 tho loontwie in bad 1 to wear bat 4th mli,:ht etryiri% 

thet 014v 008 a lramilar tutors. ..4411 asap, or hivA:Al. sr- -,1004A0n 

)1,3w.ltiout the bad. lam o the Mekoe are wallet rounded and nes.4. o. t'lem 

are oriented parallel t4 the heading game indioating that this bistUelamo 

sandentreted Oy sedimentery ?messes* rat Ner than termed althi:vnieal4N 

fibroma tai to arricials are proaont in awes or the beabanitotemd 

are partiollsrA, abundant .z *Late. is the eta rot av the dietrie4 

irre:plarly shaped sonarottona are 4momon in t.,!No aoper Part w twit 

these aanorattme ma. :Ire% tflo,les to  t 'reet in diamorter ond are 

gempoisi el' ors of heavtly ItmonVA stained opium and 1:14rou.o a its 

Omeerstions in iihals strata show, 461.,Y **low bad 1 ootnuatn wrists 

fosettio indiestiow ';rat. bontorato *ti was deposited to a mar1no 

anvironmNotil ave ditrx ftwewmatned nst at" t;3* en .1*min7; goal* strecut 

with widespread 454o.wrmmole tea :qtytenieember # vte 

Allele and its etratiorevlioal mseove alctilfttente in thet tlimestionikvV,Psto 

Vat bed Iwas deposited in rather daap merino ester at • tvonstderable 

dietanoelea 04oPeo lose see* the interstratineatios *fa mith 

bentonite and intsrPinpring • strata vivito %No bed do not eenfore sift 

*Ube onieraetorlylos of deep enema tor fondo sedtionte se outlined by 



1.14 

4011  (0>l, Po 7). Tc.r sue be evmeLtded to represent 

rstitivoli ?evil vollerd- *Oh thca proventin- lutntanLnetion 

end dimeoleretton Sy .1-;e4 :!nrk mertle tevvam rtao e-  1411-11W:ton Ivo.11.4 

been itr 4.vlett in1.41 of soh* InA„orstrat.Vilwrion 

ases pornioton-. inen'torlet ortt s'Als tares do:sa. is a ,xinkrw.stenas 

vrimdio tion et veloant,!, aWh with intervrrin.-, p-r104# 40.1ositin 

et morsel mrino but this fisila oxplAlin loeal Enterf,!,n ,orin 

s cao et the *trete e' prps tt4 vith *lido sni this prvoencA v - 

Loaal partInne o "hale vi thin t.ht bunt layers. Altoona* e'r:Voted 

beditimg la the Untoni4, twe eitle s^"*.tda elmosvo pooinUility :11e7 all 

or then* strats were Llr*Iv d in oltine mid lows but does not rut out 

the theory the.. the etals pin"im.* omoloottiii in entenits nor-• dopositmd by 

density cr,rronte of viseoulo sod. nitvh 11-ensi41 "arrant* air *way erilinated 

t* ombrisrino mudflove on slopin-  see I'leire at sonsidorsbte distoneas from 

tie nivit 1/1194 lat`Astoirle diferonees bosmeen eukte above end 

belay "he bentonite Illet ov'eet rfftert En *woo o' gooiliplAnto or in ew, 

Itvel, etvlsr e!'" ehlot **leo' Moly how hoot meeemponiod by a exr ,ftnio 

twArtotitt tla* o(1-14 ht. (treated oondltions rneereble 1°0, oal q0,01. 

Preovv°0111 tstio *** dartn'' end ftillottin, mowArAletion of bed I MP 

s,"4,tOktat delver ;)an in the Ilreeoltn- ti-ze irvAriel as eavestoi by tho 

ate* ftmemilrmine4 suitors of the rhelo in end above the bentomilo hod 

end this preoenoe *easy florr4;tmoo fri4 -Adoereoln 400oretiomo omi some 

erotownas mnterialo in outs below 'Ae bed. 

*10 0107 eatPArtsln avercese *Semi. 2!') peroont er bed to Plow a slop 

matertole we eomposed Chiefly of emplor quarts end -el.oper Irene* 

flame avow% loom oxides, and omIt* ors prettent to well as trace* of 

owtoomie glow altardo and mew amber ..drywate. 
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Ito tzeilpeie up woo ''an '0 wont et" the ems clay flatetteLss man' 

Woo OUt  and 1..ne sardmoiood pert111fm oortslot satrisroiattio,i at't.! 

frOStei totrta .24att11 '''fizime of write ends wetedral naghetite 

fire sloe procent in the 1.1 'Li, larle erinunt. o water rounlol partials 

to aos 1,r,bably s consequan,,e onmietone Mate* developed la eqgivelant 

rocks vest,. -4striation of c;reptseceue *we1n :birvA310; time was 

narked r pro Tossiv. sastmard o'd!'tta,! Or Sientineni.sldepeelte eo 

-00e1le (19'e') and it is 11.;co1w that Ule wes t. shore ot:he *ea 

is whiah boa I wait. lepoattod woo !ilrA0,11 ll000r to the Ile* jille tlaa at 

t.Aft title Aepooltion of e,von' hods* 

;Aegis), seetreee (Pige 2), ton **Oran, Oteetfluirerseatt- t  4:51.0 

13 on4 19) %r-1 vrroorolol its e boil I bentemite indlmais V la vor000d 

ohielr Of es11,41is ftltorittf;:s ..icailoratAro endetheraic reaw-twe 

roach thAr optimta atehaat 1:'474k4 Vat. moot.. of th,to ore ost seapl*tod 

antil !',aparataree ef 250*J ere,,  rt*414,41, Tha asjirity e ertorVe4 *Now - 

eons ',Indication of a aetyond reaction et stout 200P corresporAin- to 

Son str the 1-11741 e4•:ciNoin::10ble tifaloWsit lone* ..t.&“:-..-Tgtio 

roactton calved by loss of *Attlee water balms et about hirr;'' met Pollovies 

fast ; A all ht Letermsdiate peak o a oloodoun tho reaot,Lon rowtioe its 

AitSigIUM at about (7)G,i, In east oodl.sa bewelni: this reacMcon "Aldine. at 

ceseh hi,ther '.4.1,4;ervosos end to tat:1:7 vlee-pori. L or ,`,.Y1 water ever $uet% 

a tirced rn,:. .toaperelor4c in bed 1 banlotrit velteetee v1.00, Sees or 

the Nydrox71a are itwirci Wore esfaurelv tan others ard AllroSt.41 gor41* 

etmintlAral direrenees between bentmite in *Idx anl ",MILt in ce..400r bad* 

fAe 1111s 000201.4A. ::4edI benton'A to Nee verf N1.41 ,toolit% 

but low dry . G.inity seat baakilw. strtnv:',:is as do :vat calcitei toat fee, 
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me*t4N or **effendi* 

A;14. 7. eY3 g•0 -1 .. Cr** tletalltif. Wilittri-r. 
6 eSG • 16. • 7 S•* 3* 56 '... :ftirker -rinty. Armtaistt 
C goo. 'O. ;',. 12 1-':*. • , ., kitt oun t,,,'•  trAVI litkotil 
0 Se*, 31* . 1, Ns. • ' ep '41 t-te ta. In-  yo  twith latitota 
i.  acme n. ,. 12 N.* •r  • '•ft* v4tte /lin ts* ,e•sth Ift*Astit 

ifigorte zumsizieetiona or unwed.. boa I latirin tatrole tVo aertA 1'0,1 Iris 
Of Ltia'fia based en thidebeene* wrKi weetheria: *Wu:torte in*, 
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A now S.,1*11 dam; 1,10 of: pyrite wei-e 1r v! in wAW1-40 

unaineolorod pa •t.1• 0: 'til gt '44A411, A% rAll 1r '1'0 rt.10-nitftble 

in tAtimatl ',two** rE vlo ‘leultedelqred Itient,NA 4 tioa310 wrathST 1-

rraelon Sotween 4000 and )011.; 011oih ixterim#ponas ~ r7tho reaction roof 

pjri k* Avon hy Itta en4 "iowland (19-c%, P. '9). -frit(' probably st up 

lotto t iVt two perent or the bentonite ag.vi ittnoral Idaree nglt otrur in 

Avi4ed partial** ea indieseted b. i aiwsemae o' t.loroal reaot.ins 

in le Anus twe alarm nmeti on of 1.1 IniltallorGct bentonite' 

prasow.ce of: livisnius in 4iisoolsred tontanilet is intleatod in TA* 

v4lerooal oArveo Ap ourvaA d 004 a) ond*thamle rea4tiono of about 

tiorrosp031,11n • to I.146 per' - or ulat matiorel Mown by Vim end 1040=6 

* *pry week risso:Axm 'or Illottite ootr,Arroi in the andivi4e4 aomplel 

bat ilk toeotiaft sr Lootovsty rwAArred in the nines t two atin.r,o1 

resetion or this oider4s14 Atmore ay limon14( o',-, Ars In v-or 'ins 

partialaa and Is elosek, sewootated with ske dor. Aboomm of wit. 

In :As iimaolorad portion* Of bed I (91. 2,0 //Iwo.* r and /) 

V1* K sale of the lizaer;ie is f4 by frdletien of the, *Amaral* )4mte 

limenitt aloe *mot fern iitArin . the eri4W4on erf' lmon ferrous of 

IA* undiseal*reo.i clay 'is forrio t t in yellow 4semtito. 

211/joitialL4 

, v, • '44.:A.A.: 

With tow oxeopttoms, marine 'trot* orvslootr-  the '4entonito )043 

thiehem motwerdo em I intartrinluti Sal thee. clirsottork 

with otill Wokor rorrt eywy.we '-Ankrt wee. 0: pr ton'.  4"04Itts 

was the prineip01 Desiree of at414enta ami only s rviativolw ac r41. 1 'clans 

itooe r leaf are** in thit sonttial intertor• etel derivatives 
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end !.ial•teceous AeterlAl Ir 31-14 alcno in,lrease wootward, 

apparently tAmlar4 eentirs tt vule,moleme In Iloilo, nortmeetorn Uta *  

ease tom `nor- ..eno*  The Awry remotion to 2,0 foet !:!ilk or 1110a fil! fv,ntains 

Mt °l 15 percent buntenite and bonrItio wall) in lat-h eantv: .yominl 

end woot4Ern r);0,1h :1400atas To 4tte ,:ea.fity#  ..e.emin s,,i in tA40 vesft„-rn pIrt 

of' te state, 4 14) Maury formation ̀ IAA boon deoertbed or y*otior (19/17#  

p. 1)7,4,77) se abaot lora thi&i eontokinln-.. be it&i as 

75 peroent boAonitio meterielo* the  Aspen !loor-Ati4n which is in part 

UN, 3orrein.'Ive ,'Zewry in weetorn000t Wimain *114 emotorn LINN, 

,Mots of up to 2000 root of tArri-7.,mmals depoeit4 In *Ile% turf nn4 ooN 

4er Ivoi;:vee art eery ittsi intent* In Upper et.rntes  tArri 

soWlonte tend to oxtend such fert;ler tie Q. east, -ler* la no evillwome 

f*r assumin,?, that tblooro vas my wow sod !'t in the so.Areeo 1011 1011,anie 

notetqelo. 

3atia. ree.nr:.,  oorretatim 0!.• vqft i,.rntenito Ueds q*call t4e Tale 

to INe tvvin!lan ran :es lyttl• the woo` Iviko bey posels'Ile only ,f'Or Ado 

Ober Spur Sontl!Atft bod* AAly, 144e-3 nl/m,  the /Worn 

AI!, Awn ostW.eine everalee only ft row inehrn 4;len In the lierk 

'title reJon, .:plAr J.414 in 'ooth 1,..7.ns le composed 4.1 '1y 

at than sees type of aantaorlllimite* er.'17!Iikaleee the feet tot, eel 

of re_f-ler uniora omepeeltion mat' hqva been spree4 over a very hro444 

area. --ler bentonite beds cy--: loof.h U-ver Low*r ..;r9e-sooma* a is in 

kwn, rc_lin !And YO 4letin*Lly t,liaker end ftre mart numPToktat 

t.ten 4ent.onite otrata at r:AmaparCile reptlIc pwIltions in tle Mock 

31114. 

% xt (On iNg i J nm'ed e woof ,~4 inorsio. in tlielcnoos test in 

Vto awasat 0),' sand stood particle* in two niw bed throl-'-  t tto 
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nook litis r .40n. In J..'10. 14ertwrn WlavY tills aro* there is only ' 

westwott In,lraAati, In eltoknely,  1 '14,7; lay .70 tm 

OW *vernal thInsise in a !t rlootoo In t:Ail e-conl !.ilar 0- 

wzeh Vniolemmeees aro leen pOrItOtent tASA tn can:..ral and velotere 

pottrtA or 1 40 dIotrSct4 A etts:,..wetril in4.-wweto in sand nl'Aut pou"Imit” qina 

not wapperted by more then SO on t mnalye0s &'• Ave :Amy _;!,Lhr h-d .100, 

duirim7 4 pro-tient invoWAlmitiofte -11400 AmIlyqoa rit 

aateriels are oontrciled br, 10 *1 mondittono o deneCtUn. cv 

rit vivism plftila pion wi*Ain eaok for 1:140 ilwe lrt'MEN '.0 

tAtekier pertilorke o'' ha bed were dereeitel a=te  Is snot rtialfes 

tends to be mor,,  04)rtaact in ":14* eM-mor por,t0a% of the bed. 

lettenite hod , does *Jsioken morkeilly was!..rorl "urc in same 

woristvftr-i inoromwe In —la orac,An% TV 3a4criaki30 led 1, tAowerritv-, is 

anarnatariaal pry a pronotalool olv,wArd t'Atoenta4 whilh .30n4rasta with 41 

otMiar aviJani,a :or !.'107 o-  the aahe tpporently ashes of 

the biplt1We beds in tqe Northern )1n0k 411e.riat were deroalted 

sto rar crow t'teir sour3es .he'• .11I-%weestoe and 4Istrih_ttIon sf send is 

partiolee ware eentrelled mar ,  W 4:111(711-.1.00. 0P de• oloit%Ona ". or Sy 

die 'IS rime *auto. end orrAws 0-  'ro,napor-.4*,Iona 

P' ..10',10;1 0? ,.10z4."1110/6 OP ',E,PrY4T11011 •Itiorrotal or 31,Trii-tN1 

All of the btteo.on tai ode in V. Nat-U.031M ft-A Mils dl sr,ro tst egeept 

b410, Pi hove alit Prowl toll t4o'. wss depoisil:ed in re ins tonvironis*ntio 

led A was eri:Anally laid down in is. oone %click) rimy 4-0,* mitts* *ems 

fresh or brftoklah water• Ports o' +.4e la-0eas wore well wontilstAi kr 

mcy an boartn: water as indicated 4  true oreseebedded. rip/leow)Arted, 

et a tilt 011 enclmbel bed at wow plow*** a' her been unite beds 

with Ole possible exoeptiem of bed 3 seeieellated in czypil deAolont 
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envirtmaant4 in.:kettst,01 'Ifs dark oolnr • tho shelem ftni thin calptve. 

rclqs fete rtn1 *Ion 1.5111'.n and boddin plena** Sasina in 

whiki•N b A acourill1744 vstn". be rf!t.!.her •,.he 

64pA A is locc.ly 'very 'frask *e t$ 7rr! o• le e,A ImAci 'rein 

Dutoi. Ar a,.),311 basins* ';.(e :het Moo. s1-1 

have bean trelleerrel''rte open softo 1$1,-00n, 1 ,  poco.p vebible 

that Some 1,f '`,1-1' *sh rob,. on neer4y lend stse'li000 ani marrto! 1^ 4.ha 

104:eons Iy stromlo* 

roc.to sneiclin" hen%anite 'Aodtx in trAe mortn,:,  v.rats intiaa`,ft 

throe vArlotilns of marine condition** led 3 eeni tle Amy .4Ar 1,s4 were 

o peat too in the tunfusaly 4rwirmrben.l. repreteenter'i 

't F, ani 1 are eneouel in maul. lomon dark eAtle* 

: in '.,le leer pert *41  the lreenhrn 1n41catos scemnalation 

moll in r1,1C.ivoly Shallow 'Cot water in %Malt malearesms Owls oria 

awn wore 4Alt, depoAlteds therael *noires', mid base exo%ice neeelremonts 

slow vukt Soth calcium cnei *Aim* type le.14..onito err or:almond to roost 

reprosentiniT tAo laleonal anl the Atterndly oelester, es  end 

Goalon bleak wn4itions depositlivu the comtilnien was°'. n1,1 crc~r 

tom;, dirrerertlee in lett:71 sand the variation* tn ,Irtrine enviramsenth 'lave 

very little eofeet on the fmnamtion of iientoni"o* 3114, possibility that 

12401 stomalottel i.rt ***4;,:ifsh ar fresh water WI:  es to t,11) 0404i water 261 

not be ivvirol !ri. the formation o.,' hentortiteo 

In a '01, 'ael A contains 51c-torl',.. ire ,etih eoltim Is by 

rer the met $011114ent o/cr\en =entac ton amt lticoWlem exlenlooble 

slat. als is Jolkinentio  bitt in most plAlos - Vho pri*Oly copsiet4 e Iwo 

or lees *Wee ilitxtaroe *r vie -two type,* rhe v^ri/011ity of the '...entenItEe 

is no 40abt partly the meat or irr.:plArltias in deposition incilldin 
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eadioilnterI 4iftermIt1etien er thk. rnrent imetartele• Awl o• vq* eA1614.1 

may '41,110/, intraci,Aoed Vy Iretni forati.r h000noto moot et tI6 otrntel. 

encicoinz the holt:mite err vet/ pert/lea*, Pcs4istly .he 

compositiss s; t,1 soh virs mar* **di* than te iniieated by the 

benteni toe 

'uhf uppermoet 40 escet of Amer,. etrets and dal ..!`ew feet of V'e 3elle 

;ryArly'le 6-Ate ere or partlfWer inter***, Iviicaose thor 6,WHin #'11re 

bentonite 'leis, .ito or Alah work- dopesit43 to -atetotelly 

environi4cnt and one in mar* normal condition* of marine eediaentation• 

n'te thick Ailky 7.1,1t-  bed near the *_op el' the 01110.&311 '4toryaehal. a *Melly 

s Radium type bentonif.q, but. bed web 0404841 YO Poet lover in Uhe 

formation is eseeWially a Lew 6wellin ,  **LA.. bentord'e• ioth '30-410 wre 

depoelt,64 in the same environs ,nt mnd apparently 4A sir poet Aispositimmt 

histlrbite hev boon identlosi. led 1, Ulet)lteee4rrin,  only a Owe flask 

Oars they cloy Spur be is encloss4 in *eft nonmeili*eou6 sale 

reprqteentin; ''Afxstlitisne of eedimentatIo* twelOtett 414Terent from t4. 

lowor r.$00 beile. 3464D bee eamontially 'ho OONMP rsiner*lo teal heraeterietios 

and ewe/ast propertied ss the Cloy ';parr toed. eacarrcnee of '4•6#,A1 4 

bed err delcios end * bed et coAitsm ty,* ben,,orsie in 43e,"i**1 depositiemel 

and dia.:enetie eondition min be *T7lained vet*. to. loo;ty variation* 

in the nvitmal onapceition et .,ha melt, 'edilm bow.onitee in "w *Ill •'ools 

and Melee &lel** is amo. May * cons et/len:Do of similerittee in 

the erUi ositions se violvimeved• 

Where bed 1 is enclose:, in the Salo *,as s' else e' the Lever 

324000hern f,rmation its exehswosble lens ,cessist 3e.  mink wern**Imm. a 

moderate *Avant or oodilop and a relatively *riven thvgurat ee" 0001$1114 led .1 

everywhere mvntsims mush cal Aims tworboncti t).1.0t, we 44 provide 0 large 



is(4 . 1y eittli4= lona* !.h1F0 arA mo.!lass rs 

;.:Are s'unistfit 4A1,!it1n in *Ago two-f ,r nr fibindaw o' 

inns inAiefttes )100. there at be so** *trial:04mA! rofts,,ne '101. 

nanttz retalatng tod .1.4.171010i3m* Jerri.ape frvo iodtam 

sind malloolqm *re rile:sd t.ap lomposl - lon o 4$1 1 'rom bed 

:ormed • 

111' 3'Jveam1 r7? 

'1olt.Am or * typo* Wit!orvIo‘ is plicTinted to 'hi uppermew. 

52) .teee. o Lower Abst000dus rooks oora7tbisly New,"e„le ,n4 awry 

ilrmstion, en-3 !h* lqwermost 400 fort of VI* Ippor roc:do wyeh 

inelltdo •Iolle *Arch* slot, Itwor pert p f.he rormativnd, 

*sat Pier30‘Aint snd Purest S041.4* 4erston:7,? art,  ol.tni within few 

tw r t, ,,;t, .;.,04eorwilvor :.4t1f4cormoto '40uslaor-f o4E.Am n!...enit* leweasi* 

in yooitt.•er ros on1 is not won in Le Northimmm 31Pok Jill* Aistriot 

ixrre -a* 1oer ;roon!lemn bode. Low stoo11in7 typo hos * val&I 
4 

strati•rephio rftn A• In edition o th stmwt!_7vvgiliatilly 

nnextAtn*Ivo bW,h Yu, sedilis type. It osaare at tworrels 9-tro-A•ler.s't. 1000 

fit if Uf cr ,r014"(40411 rooks aotoodift to tie ap:Aor pars- 12!.' Aster* 

voirwtan. nidtu pe Itamtonit,0 older ro*0 e s 

rotlootion ef: .r. 5.t oolposi.Adn o "„'Io ash. Ph. s(v4lost epd oolltuA 

eontents wontt'l need Uttle co one 1.yaror..t ts et- A717* ths 

propostios 'r e 147,* •' beTedniti to te oth,er, r-Aaento 

o'ootamauts that azollzAls'od in 4t10 neek Italn neAr tu end or th. 

;Amor ort4 it> !.:le *arty port or Ippor Oretolmeas ported may 

hey. oontAi-ed gli 1114 len at emy ot'ior time. 
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CfAl • *.. ;`' 

A'Age-o' `eve beton awls 4 en 4 1:10.%,0 art •ir,Ati soorposittan or • 

r.r.4 tiet=7.r.sinstian of the n<sn play I:stn.-mats in th• bent/ate. 

to rttn4,9 of eivi airierals e covi be awfx.trw, lg zieter:AtIod are rarely 

*a !Imo: 'fen poroent aryl are clexent*oly 1*00 tklon t p•rnAwit of. the 

Nont.ttniLe. ...Ambito; type 1:14o asovaaplian tiet empoolttom 

of pluonaory0:41 in porphrritlo 710*A6 rooks are repreaente'tve tho 

oleo r  • orefore ilertirteqle taintwale l ilentotli t. e are te.-.an to be 

in=icet,ive *: coceposif.lein o' .,110 ar. retex*  AI* ynnilv %h. 

t mow: as applied to "tient.ar:ito,  is n*'. beyarvi vear...ion for the !onottiri.- 

reams. (1) 4sot seavtall ,41 partiole* In bentonite are (flame'. risol 

loy ar-Ilar14 eml rarml)• .1,1Nw e felts eit **talon an4 

allu Am anon** in etwi' .1e'%owi•As only 'reuses a' volgitnio 4.ess rood* 

in benti.mi'e. It is n*t 1.10 *mouse that the pooposition of emall 

percents, cc of' unaltorei fine. -rained ustcrlel is representative of very 

lere proporti*no *r >entoriel u hAs b*tn el:tqtr, nowp1-':mly altered. 

(2) 441.111trity is the only rxiterin oe,ftrie*Amr '3any dotrl'Al Aar 

eineralc 'rem r-Ans vvet core eri ,,iriel loneti'.3enc of noh. 17. le 

see . at. estRaler rnille ore part o.:" the ael sad Vtet eubmtar4n401 

1,,inc ere letrital. Acny Tor r1ewn -rein are etaffleiently **ell to be 

art:ptlar in most o/ndltiono et" ee;14entIC.ies. IT t„ho :one alone 

sr' nonsiatorei yea prtoportiore avallane es'.ieifites art reatly 

rei t NrAit  rtmi `ice s is still the potsi 0.41itS* et the lar,:er 

,;raine arts .ietr ttais 4137 coon vi '111'11  ft.% we 4101.7  in 

oompeoitien wit,h distance '1..atz source and noie or transportation botorms. 

4Wer,wed In spelific Iravity or mineralise Ns composition or 

minors). Imam, In bentonite,  is the 3look iiiis area ae,li net be  etprat4 
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to be idontils1 vtA 'hat of' ploneurreta in 4.he pnrent 

i V. is astrAmed t art 4,w es 7!'ar wee. 0A ow,tral Idaho, 

Any ashBaas whilh bentonite lee altered ito- A4 owntalr. 6,  loam'. mil 

as nh stiles ai the bew.tmit.,-, and -i.11:iably .he alh %/mit.) be even the 

allt,"„io then its alttvstion pr4ofst• ;:oarly all eP. ,ore 1-7TApeue 

realm *ant ein 940ro eillos vAn 3dnest ben44mites. '4rtalnly the 

villanlotas Art)die1r safitsionf, eah !Aoo r,f1 bentonit_e were wry crplestve, 

and t'lier, le o..)fte evidence that soil levee ere meh mart explosive o41 

bnsie In Wo pinoes elttre the parent toff of bantams... to is definitely 

known, prIst1;ses i,:iven by Nuttin5 (10,9  p. 10') teulv that the pornt 

material *anteing rib= 12 to 1, portent more sties t'usa doom the kentenite, 

.:7.hamioal analyses of' the hentonite tive Northern 3144k  .cilia 

distriet that nre available are all mom the n'147 A:pur bed* Nose 

analyses etiAmw a composition *toiler to Wit* eicoept "Jha pr000rtiono 

• 1-41-polstual ore tee Who  ieessee the ort7:inel soh twat have boon 110~ 

in silica elan the bentonite. Vho ori-Anal mAt riat waA prebabl mkore like 

ciasir%s laUts or rhyolVe in oonpeeltrionlp 

,ompeoltien of vhe *Oh SOestad b `="retoto-lf4 volosnoes woad rte'  be 

expoote4 to have remained toe eAne thirsall:hau+, tne period oii minor 

variation* in esepoottlon oai t ?milt in a - Oh Iftetor veriabllities in 

the bomtonite", Likewise *baler benterist revult nrom *shoo of 

4ifferent ompostionb tho rmovsst of dil''erent *gides the 

alteration processes, lk t isenel‘leten thlat the. fibrotAs Toilette to 

bed ? is an alteration prodoet to werreot, the °Fir-Anal oompooition or 

• b 1 ves wash mere ealts #.. on any other Oh SC4PAMA lotion in the 

Northern 'ALeWt lue large eat of anlAiar eiltmetmod partioloe 

in bed et44:AeAs tat_ the ert-inftl 1*1 earstalwed mosol% leo* voloonlo 



4116 e then moot other *eh nalls th he die44,1-t o  .viione* * 

ooluterniotr the 00,411141 eetpeosi on of 11. beii$ in-tit:tete* 

only sli ht voriettorm in eampeelcions !.;-ta4 ‘.0kyl holt'', *Alined sisewhere 

in fhs test. 

ALt,AAttosi or 433 

Veleenio jilt/MO Wt* *mon to be so14410 in olkolins suAtVionso  

(loin finedipirsined e .m4aried on 1.N. see Awns ,er:?.t1A wpm Ite 

eluerads I is prObribto 11,4ot Vte alkaline avAla k on ule *sh we Ad p+o visa 

even oft Vlo ofol oolilei in the am **tora ollaretions valid be aor or 

lose edvonood in ash 421at was e%epended '-efr somit tive in the oaten Weir.-

dopooltion and 1:04,01, ;')Iridence has bison Twrissegato4 foogestinte, pikrttal 

alteration of the ash in the siii,:$00(43 toramio vIne of VA, Clef Spa,  bed 

prier tog !Irma depoottion. kowtow's preemie str-j,  frail glass 

Sheltie to beds 4 end ,Alize ',;par is twel: 0,1'4,10-,1041 1,0i !himIter 

sM ..ho more roOdly fiedt portions ult o'zi hos mot bolo,. 

oesolsted in till or Upper :onosoi 4.1A04. NIN rorrstAjoin 

ef 4,1104%,40.0 of 04.6 filSeowis Aeot tA* 4.41,4ni.:40 in -10$ 

1pm,  bed inAitetes tlat -As silint V*0 141160). downwerJ rrom ".4e bontotite 

by ti,he sovement Of %mood water. Hoes 074 londriets (19"-Vs Ps 67) hsve 

:4111'43 CO 4, geliglierd serentent we'.,.r 0.0.14 swot to,* ;pleas In 1.10 

VAndin- wo%aw u g VI* 14ko on4 *sae A*.elm*M4 neet of thea 31 t wro 

lessflo4 fres Ott/ 40rAssito after the elesetien or vq. lii4k AU.to %roe 

WWwollo see 1r!ls1 In 1,014, •T`e*olosie 'Ame and .-')43s,.. ee ul,  alt,srspor. 

BOA Uwe pleas iartn-, biteetnEo 

ovilomee '°.tnt. oltirmAsit of the *ft took plum ektely 

Orter a711 t *bow *es level la prooent ritortl-ls ooloite joint 

derma! to  t6loh ema.tr in espy bootomito bolo 4.1L art nov. obundovit is 

127 



bed Fe -Phe abserme qbrous ..74.VvvrIA'10,10 in the 440$ on7q0ell:r vie 

bent/Mat. beds s' ee%.6 tAet loleite 1,, a prokAet e? VI* alterstIon 

o t;le use por%ions for tho st: .40, ware rioh in selotwa 'mad 

probably U. anvil c, the first altered beowoe **lel* ries reeks are 

celativoly.  wmat.obls as Imitaatet by t49 mireral etv011lty sorivi in 

eethertn-. ‹t.141, (LA, 4041 reeerete o' oeleite 

depealts Ap to two ipshies s4..zoste ilrominent }ain't,* Were 

lory4ed in the *oh ftod tie there mi., 111.140 .e ow or water 

vitiln '_he bed imfor her olt.eratton ha:4 preAreseoi very fare :lrowlnent 

joint.s aJqld not i'orm in soft skAbegmeaqn eedimontee nor is it t w QJe that 

strato la %MAI sea two ins!** tyro** would 'olihs in oWl er tart ander 

severml t:Ilueavd feat of reek stro144,  „Taints mar 'setto art in bed 0, 

olost ef,! Apytteitle time u' tame ,wonrlitions ofdepooltion ehsed fro* 

near thore to moderately deep u,Krine. All bentonite beds above bet A 

are overlain by thiak susemoisions te. rooks reprollentier-  oontintiwas **trine 

del:emit-ion 4n:14 !!,he *loss i'*1( lills time* Prominent joints were not 

likely 4 Wive been rormeA .111 thee* beds ;Antil the qplift of th* Alnek 

`tills in lett. ,:retotieSedit or early .:ertfory +Ave. it is wren ow r* Molt' 

tut the periods a s
.

klreqteet mplirt 414 not of  cur in nortlert 4iReek 

4111* 4reAl atter vie :acs 'speak and bw time part s' the Ipper 

OrateGes strata had town strived fkrr's the rontom se the Wintonite beds 

were not oo deeply bArte* 

128 
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in the '141rtherlat 914:11 tills distrist 4 Sae c.-:.ter';"1,Ha go 

prwArtntly datv^lopoi ben-st'2 the "'lay Slur bed taw 

bads &, ' alto have !.en twiny r tr. wt 

silica. Altesso 'loon e 'lave ate l 'Joan no'md 'se der bod,1 

thre . liolt ihta sectinno or !;retess0421 r,„7,4.110 in parts fay' 4ontAnn 

107061!): 'eletIon of thisneees at ley :'pur bed co tilt" 

si/losoas floor ;.talent the,  twi and as easel hmiraft*** *r Mowry seljft3ent 

t.o ;01 ,Its 31411% helOW 4)1A floqr 1:tallest** -,ta. !I/Ws vs& issbeer4 rirma 

Sowonite by -4roand wo:er 4.1.1n.-, or Vtierr 'alteration o at to bentonite* 

aimiltr rel^*.torlo motwoon prominent* too floor ark -Ott.,;neas at 

bevy oni'. 'lave hew) nots4 flor in aontonito solo *- both tipper 

an. Lower •'re.-seeomo er e on t.'11, newt:most q.shic of the 31,, 400ttalas*  

;.)ovialopomot of 'he sillereAse ..
loon depends on vlo nsoters$ 

(A) !Jarof,w, of all in orl'itAl ss>a slid 411 .3 tlesa t.tio '')oth G 

Week sirs sore or leen proporUlnAl amoint of 'allies oontrL410 

t tho 3oero (2) 4,1.1111h1 •Atli,* eta new 04.." stmt'. bt,low !As 1.013i'.onl%e#  

One or' the *toe resitene tar proranont Jaors below 91,  :1*y 'Yar smell 

other thi- nor beds in 1.1e ,-'!owry slNle is yea'.. Woe stre's sort intily 

son4ainwi su.:4 as rk) ueroent silts*, Illy &tall widltioss e sIlle 

are nosoeser-; 'a make s4ch streto hard and oulortlikos  whor.os 

smell 11341tion*t of types of +lurk s'Nele& mt-ht not be natiood• 

C5) Vtlito wry p.rvloq4 struts otiose below Ulm bentonite, the *ilia* is 

to be so disiwsed tit no r'moue nt 4b03or is 'aired r, ewe usi A 

reefs en etome  ,1146 rook io fly only lest friable le,n 

stMetlne elsewhero in t ttono Where oestossmemAs slat, anderlto0 

bed A, It is mash harder vind more platy ',hen af places where the '!'entontto 
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bed is no nreacnt. 

'.0/)•,,41orillonite to cmsentially t'le only illqy mineral rq•ei!en!. in Yie 

bon'onl'c n.rthf3rn 31eck NoW,ronite, the iron ric4 min oral 

or tie morl4vorillonite :Tottp, is not prenen in aW -icimt ftmoqnts, evnn 

in Lle roddest bentomite, be reco7n17ad by ther_nal annlysla sivthnds4, 

Nenrly All physical properties of bentonite arg directly r-lated to 

aineralo•ionl Characteriat-ics. '..;ediunt is t:ht Immirate eiohqn7enble ion 

in hi ^%1 colloidal hentonit, but the presence o 4101.4) sKohareable oalciam, 

ma7n,nium or 'Iylro.ren appears to be essential, As amoqnts of 4r-chem.-nab'. 

ions ' ,an slii,Am increase beiona a ew lorcento  there ii n terdenoy 

for moliiiiality to der'reas • nnd the coll-Adml rtrl nrios ermentially 

pure calcium, ts1;nesitAm, nnJ hydrolon ›en'onites mr:- v. ry low no col:iv:Jared 

to &odium 'oentonie. Non clay motcrinla act an dilatant., an! in beds 

containir.; or-;.ercial r:oality bentonite, thee fteteriel onmilmnly make up 

as littla 1J  poroont belt rarely -,:ore than 2) percent t14) -1fty. 

In: Ilenoe o' mvi clay material.: ig ootin-mly obrm.Ared yy levelopment of 

oolloidnl propartlea controlled ay ot.:er faeLorss 

.;9.)diun bentonite lo present in rooks that ran - 0 from the Newcastle 

sandstone; to the loner ;rcon'Inrn be4e. ";'he purest and moot persistent 

Sodiam bentanitA !beds ocryir mithin a c3bl feet otrati4rephically from t'le 

boandary boalween .he Lower and Upper '.2440,1ceoun series* Calettm *t)entoni ,,e 

is coe10,e-sivr with the oodiam type and in mddition ontlura in 1,.:01 10,t 

of yccouler rocas. 

bentanite beds end enclosirw strata indicate that voltAnoic Pah 

was deposited in 141,1)ons in vrintions of is-trin onvironnta 

represent.ln JnuvInlly siliceost  caloftrecus, and dark shale type e of 
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sedimentation* loth snliAn "r! r7q1ciaz berlqni;,e oncar in n11 o' 

coniitions of deposition re:oresen.cd; therefore, ifsboa vs!riationa hr.ve 

little 45 feet on te forAstion of bentonite* ;'relenco h both sodi,ss and 

caloium bentonVe within strata representin -  identical r;cfnlitiona of 

deposition and post depositionla histories points to di' ercnces in 

on :innl comositIon of anhos* -;retaseolls ftlflocora7)13y re-Aonnl 

strattlinphy ire; catml that sources vol -.epic cat were rr,)m ' Rsn uost* 

'4ftrimtions in thioknessea and non clay tIton-,ents of' bentonite ,ithin the 

district were controlled by 10°611 coniitions deposition rather than 

distances rrey.m source* 

;u1111 portions of thft bentonite mey jv been altered prior t,o hurini, 

but 342st o* alteration preibo!bly took pine. after the %-o,zone epoch* 

Movement or silica dolliward to fore eiertlike flooro below bentqnite bode 

co..11d only have Ls vn place after unlift ab-,ve son 1= vol in the latter 71mrt 

of the -'sretaceoiAs period* oiloite jotnt deposits may r:A•esent 

one of ;le,  'trot Ili.t,eirAtion prod seta because cnicio rie4 minernin flre 

ftaon- the leat st.nbie ,Ionstit:tents car 1-irseo..0 rocks* ilssures ,tnd joints 

in wAich the calcite Rcsamulmted were moat likely forised i irir periods of 

diastrophism mi'ter v!rt of t'i thick sedieintrf colvir Iwon strived 

from '.1e5 region. Areftteet '.:lift of the llack lilln one n''ter 'he .,,ocene 

*pooh tynd 4 hat time mach the Up2er ..'rotaceoas stratl,, had been 

*tripped r°7y-A northern 31ack lills*  

Low op11:74Aftlity o!' the undiecolored portions or tle Clay bed is 

probably n mInsevence of the purity of tie eshan7cehts cations or 

cquilibrilm oonditions the0, e,Ast betwevn the excrin.:,:eahle ions mnd 

t;le wn,,cr in the elegy, ;(:)11eidality is increlaed vien email proportions 

oC sodi= rtre rfOnced by oftleilms  hydrogen. or possibly other cations, 
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exeftmo.. 7ro-oess s13# 41rin 1lAstion b 

VI* bentmlni.:e is itolo1ors4 ke allot* Tem. 131e ee''.(10ot t)f-  111111 m4,.nto 

of ,-alltane 'vire-en or other ions is te eyreato 'tsor.ler In the orientation 

of t'te water loyeTs bets sol,noeftt mentmorillonigi 1r.svh1141 would 

allow edditiqnsl le, or . . eircer 23ort,  enfdly. 

vervelitto intorlalinatAd 11h' -rmlid bentonite In ti”or 

pert s .111, Claw •-t,pur berOnt!'.. lamoonel avAxmLlatiorso ‘,‘• dotrk 

laminae were ".1,rma4 'ay 41ozillore'lr,n vo1.r elirlants by organic and 

Ohele lepurtA.osy 5eet Aet riots war preomally IntraCksed 441rimq., the warm 

servile or '1411 yeer wiYlen rainfall oil Iftnt *tree* woo )losilkots Iliemeeses 

t'u pr,r bed eryd th* valorifteent *nil. of ellictems laminae err in 

direa preport,lan to eat nthor, tø rels-Acloship InCnntes thtc, oupy 

were AspooVAi le .ret .AnCtlettn-: surfs**, Tht* wkrromi OW, him* ,Isd a 

relief *C et lowly, .4.'set and nay ropresent 4.piNer surfaes or tent 

ripptsonsurov• 
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omAmtn. 19,1* -La. reirty ,.!%e ,,Isgtere coot tail !,1 'AR  test 
irPik At. !r, p. LuuC * 

40,1,i1N 1929, ,,r)060ic 444,ory e' 41ank Wiles io.art 
in -,tc, lior,Yryt v* 5*  nr,* 111, 

:Ittetr*  Ielor 4,11  3,04 Peteemeic ittyt -..,47,40* *tr re% -o,$ a" rtiry-eartrk 
-rev* YerrIt4.4 -*sat*ine mei *'n4 !Aidy i,t:111ndes  *Los 
Uwe Aseeirs* etartliela 'into lets *t/1.4 fr2,16 "it i53744501). 

()Coro  Aeir 4:eria •i  19,-;Ap ;he r4it t. 1 on tot/weld 'Use to4 owe 1 biz 
in 40$82 J* 1* ,lArvey4 1,?en qls rflport, p. to" (preeerit•I itt 
-4%104 leinaki Cr antrints '•etrAvonovii  1,7314). 

wale .. 5.4  17,ds Re estulytn rottloptomeNterirt-t hmr• 44.7*  v. 45, 
,. 

"T• V' tr.tt*p f tow .11eolk itito 
"ke,cieJno inut '",out.N nobirtilse Wrosseissr, iNkset. 3urst:•:y•3U. 4 
P. 10.44e 

*01 ''Aelon4f 19%4, Oill'orferstiat vw-Asil anal :Am. Av.: 
01.*:-,3 *ft! sh014se $ • pr4speetitv, metZsei s .roarst. ...:erart• 

p. A:34.76. 

*wrier*  7, 4,4  1000  .:rie sit in 4.-tarsitet tocr, .itierelo.4014  'IN 1'74 
Po "40in* 

Uori ..Assoh,e1. losi maxi Isiclit•nN von reAsorippein 1• 01 ),,,ert4.1 Pt 
..einekenborateni1/4  :4tart. tesmill• )4114  20, p. 

teethes!, 4 411 1519, 3Wetitv in wrimini 4yamin,- -,t4rIpqr 444. 24i 
lano. 

Itinstri otos  S. 4. end Jorrorskorkt Yie .4Wit  AillaiertArttO knoolissd&tole. 
rr ty1flt iverelmi ft.-Y4 Ova, ts-oritsg War georialtem slept 

Alb ;,,i1nor 14 ,,letio  v. rite  pa 343.0% 

34mdrieks, 4. J., ;4100.1,4 4 A., *nd L.:0#ico,Wrolen 
1110444Nalla ie." the gioy m3ner*1 montaorilloutitio Oeluratod wIriottft 

#ftWite ••71e4 .14a1,•• Vs 62, pip 141446.44, 

4i*Lrutsitt. Vf '4xteIll. Us And gnu 4* 195,. KriarAfillstru!,-:.4r ead 
Qa411.1,04 Novi Nora nor Moil .3 Set taothr • '4:11111 " le7,71411.e. bead 66 (A). 
p. V40,hy, 

loi'monni, U.. end ., UV,. 4ber dto immorkrtstaltino sueltwa-  4ni 
timatentosteltivomfortwAn mommorilimitos tollni3 ".*Itisetre  

3anil no  p• 2,94,251. 
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hrer*  • ., cal?. J. s." 1149, orirenoe nt.ty 
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itztemkt.01.-.1  • 14•1, 1146. 'he on t' or esoittain astran.!.ore oe 'fte •Amekehtel 
for Lirri in the :-Ittewt),5-1 ret -* tvirt'tern gismk. !Ms 
tuttubligraod 'haste, 411.';• 1,,vn• 

Xftedhtele 4., 1)'7• Nom,ntft,10/1 fy id% noor.oarNots 
iliseolerntion es bent,ont'A in liittak '313. 1.0 diwri,--t (abstract), 4,eibl• 
Sees Vooritte )1411.** 38, 1,7tne. 

tancratrel• ortd Att. rnors. .3. t44 nort'Aern lleolt 1111 t  
distriAt Toole ltarvar. tan* 'It4p preptiritt•Lan)• 

isritonitei ftrld .1*.wfsit  V's 66, 
p• 
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ineral() 200. sr. aritAln -iny Kineral 3Alt. p. 11" 1'? 
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V. p. 117141,74* 
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*141.* 39• P. Wk. 

Perterht  3* ..;4, 109, 1491-tts pert a :'titoweed ers.tioltnea .t.T.41t4th 
NO:rite earoi• Asrwy ..gyp t• p. 1•M* 

Rociado* I* 14, Jr., 194% Petvii eelowitv.; *-wti&trittoiNaks &M. ;world elowooto.t.  
of 'T:ror:Aolsouto 4.poolto in *At vo0 --:, - -rn trrotrior of UV) UM tea 
Maeo* J.  nvi leol• Amy", Prelim* Mop 10, ,v1ti los Inv. 7, eve*  
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• 3.e 19,4 7-qa .tare o!.  stmtzsr4r1.11ont'dtn rs-tat-i.on 
oaNertene" 14:1 propertlee G erti tu.$ :Mpubtied !.hel*, 

tIlirstits. p. 1.00: 

*toinire • 7.4 !)ri,-,Ir 4) 4,1* olItis-A,catt .eviry o' '11* Ilecert 
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,'•iretattrieits* *04iflontary rook?, •,r !Ai* neilltlilt. relsioes '1. 3. <071.. 
LIkver rot.Apar 163$  p• 1..316 

1,.*  I:4'7. "so 'r 'In '.1%0 841t-Ido .eino dtite. t;?•to •no,* 
z.1.13.0 ••,e -!ons Jr. ;at. 44trilog  v. 1$1/4/ 14132*-1084, 

An •• • r. 0$  .berVorti".oe o;" tt'ita )011E, 31 4 11A, lop,t4A 

*It,  LS 1 ',1311.1 1:1 teal t* Jtf' M. In';'• p• 149. 
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