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iluug eachinia szli
glves =z fixed value, representative of tne caouant ol tie
cations present 1in the clzy structure, whnlchn Caa ce used
for correiation.

Total zno excilaneeniole nali znese huve Jeen ueterained
colorometrically in some varvec . duz2cial ciays to see if
the fixed value 1s constant within zan laodiviwusd varve aund
variauvle vetween varves.

Total nansgunese content proveu to bte slallar for the
three varves anziyzed whlie encnuan: eacie bzl alese variea
within zs well as tetween varves.

The uifferences in exchungeuble nong unese zre shown
not to ve correlative witn percentope of ciay in the
szunle or with the cizy alner=zlogy.

These Cifiercnces are thouyht to ve wue to the con-
trivution of unengunese 1ouas frou wzniunese Learing nlnerals

in the silt fraction.
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INTRODUCTION

Correlation of secCimertery deposits is an important
tool which the geologist uses often. It 18 seldon that
he can trace a deposit visually for this 1s possible only
where it crops out. When he 1s searching for oil accumu-
lations, the beds with which he 1s dealing are almost
always completely concealed by overburden making it
necessary to utilize the physical characteristics of a
deposit in order to recognize it from well cuttings. 1In
addition to visual comparison, some of these characteris-
tics are plneralogy, mechanical analysis, chemical
analysis, micropaleontology, and geophysical measurements.
Arenaceous sediments lend themselves well to mechanical
analysis because the particles are easily disaggregated
and are large enough to be classified as to size and
mineral composition. Carbonate rocks are often correlated
chemically because of the ease of putting then into solu-
tion. Argillaceous sediments, because of their small
particle size are more difficult to work with. For
mechanical analysis they require the use of the laborious
pipette method. For chemical analysis it 18 necessary to
use the highly reactive hydrofluoric aclid to put them into
solution and their small particle size necessitates the
use of X-ray techniques to determine the milneralogy.
Differential thermal analysis is of guestionable value

for correlation.
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The purpose of this recezrch is to investigate z new
nethoa for the correlation of argiilaceous sedinerits which
night ve 1ore coavenient thaen others that have ceen
aeveloypead.

Metalllc lons are ausorved onto zna a2y CLe renoved
froa the surfaces of clay particles vy the mnechsznisis of
ion exchange. 1If such exchengeavle lons are chzracteris-
tic of a -articulzr ciay or shele horizon, then, vy the
slunple proceuure or reaoving thes anu anaiyzing colori-
metrically, corrclations nay bte mace. If, as seems .qore
likely, however, the exchanseatle ions are affected oy
circulating prouna water, then the exchan,eavle ion con-
tent will c©e dejenaent on location arna will not te charac-
teristic of a single horizon. Moreover, total 1on content,
mace up of exchengeable ions anc fixec ione inccrooratea
in the crystai structure, shoulda slso not ve
characteristic of a single horizon.

By suotractin, the exchangeesblie lon content of a
particular c¢lenent from tne total anount of that eieaent
present a reslaual value or fixed ion conteat woulad ve
ceterninea which was free from the effects of ion exchange.
This value should pore neariy represent the anount of the
elenent which was present in the material at its foramation.
Since clay is commnonly the weathering proauct of a nunver
of different ninerels, one would expect the elenental

content of a clay to vary depencins upon its origin.



However, materizl fros icentical source areas, weethered zna
ceposited unuer iuenticai concitioris, shoula have sinilar
resicual vaiues. Therefore it seens vrokable that the
fixea 1on content of the resicual coulu Le usea as a aneans
of correlation. This reseczrch 1s au 1avestliiation of the
fixea ion content of somne taclal clays ol snown age to

see whether correiation oy this uethod is possivle.



METHOD

For aeveloping the procecures, it was deciaed that
sanples fron a varved glaclial laxe Geposit wouid ve used.
Varves are the flne srulnea ovotton seulnents of giaclial
lakes which occur ia pairs of coarse ana fine layers.
(Flint; 1y47, p.%¢Y) The coarse layers are .enerally
silt anda the fine iayers clay. The aavantage of usling
varves 1s two fold. Belny layerea they can ce tracea
vigually to proviace an avsolute checs oan correlation zana
slnce a varve 1s peneraliy thought to represent aeposition
over a sing¢le season it pay ve assaned that conditions of
sedimentation and source material were relatively constant
for a singlie varve.

For this worx, nanganese was chosen as tne ion to ve
analyzed. A cation wzs aesireda for whicn the analytical
proceaure was fairly simgzle and accurate. The auadition
of potassium periocate (KIO4) to an aciu solution contain-
ing trace azounts of nanganese, upon heating, gives the
cink permanganate color. The intensity of the color is
proportional to the concentration. The color 1s'very
stable ana will persist for months. A spectrographic
analysisl was naae of a sanple of the varves which showead

manganese to be present in determinable amounts.

1Courtesy of Dr. E. J. Benne ana S. Bass of Agriculture
Chenistry



THEORY

Clay as a tern is aifficuit to cefine. It is usea
as z roc« tern to cescrive an "earthy, fine gralnea
materiai which ceveloos plasticlty when alxed with a
linlited anount of water". (Grim; 1933, p.1) It is also
a ocarticle slze tern aescribing the saailest size Iraction.
Its maximuyn size 1s a matter of cebate. Most geolo.ists
follow the Wentworth .raae scale z2unu call any materisl
whose particie size 1s less than 4 aicrons clay. Grin
(195-, p.2) belleves tae upper ilalt of ciay perticles
should vs 2 ulcrons Lecause avove thls size naturai wa-
teriai Ialls to show ciay nineral charzcteristics. Here
clay 1s used as a olunerai term. There are a numcer of
minerals havin, a characteristic structure which usually
occur in particles of less tnan 2 nlcrons size.

There are two tasic structurai units which are couamuon
to nmost clay winerals, a silica tetraheural layer sna an
octahedral layer consisting of coubinations of aluminua
iron or usagnesium with oxyxen. Most clay uslnerals are
maGae up of convinations of these two layer types inter-
spersed with sheets of water nolecules. The layer coa-
binations are relatively free to slip on these water
sheets thus provialng clay with its characteristic
plasticity.

Ion exchange 1s a .roverty ol ciays which 1s not

preceut to any owservable extent in the lar.er size



fractions. It i1s the adsorving ot lons onto the surrace
of the clay where they are helu in exchungezile state.
They wili remzin there until exchangec for other 1oas.
Exchaii=¢ capucity 1z deasured ia aliileqguivaients per
huncrec (reus, a2 nililecuivaient Leing one thousszactn of
a «rags atonlc veil ht. Cztion excnange i1s such sore conaon
in claye than anlon exchunee unu 1s cetter ancerstoou:
only catlon sxchan-.e wili ve consiuereua hnere.

There are three czdces ior cztion excuznee in cizy
dloeruals. Zriclly they ore:

1. Broken concs. Broien tonus st tne e..e ol the

unit ceirt -ive rise to unsaticiieu cuar_es. These

char:es cian ve satisfied by thne adsorotion of an ion.

w

This tyoe of exchuu.e _reuwoninates i nlnerz.is sdacn =
aa2210ite and helloysite. The finer the particle size,
the vreater willi ve the nunver >f uvroken toanus per unit

1as8s presentec as exchang:e sites.

-
<

2. 3Supstitutions within the lattice structure.

When trivalent 2aluninum suustitutes for cuadarivalent
silica 1n the tetrzhecerai lattice layer, or ions of
lower valence for alusinun in the octahearzi lzyer, a

net negative cnarge 1s forasea. This can occur eilther

orn the basal cleavage or the eiges of the plate, wut it
18 nost predouinent on the flat cleavazge surfaces. Grim
(1952, p.13%2%2) beiieves that the alunminum supstitution for

sllicon procuces such a tight bona with a cation that



little further exchenge takes place. He stutes that re-
rlacenent of tue zlunlnun in tone octaacurar luyer ig
provadliy the najor seustitution causiag cation exchunge
carzacity. Replaceaent 1s th:z najor cause of cation ex-
change capacity in aontaorillonite and verpicullte.

2. The hydrosen of exoosged hydroxyls. The hydrogen

of exposed hydroxyls say be avalliavlie for replacceuseat oy
sultavlie cations. This couia ve an iamportant factor in
tne two layer tynses tecause of the exposea hyarsxyls 21
the cacal cieavage.

The ran.es o exchange cartacity for scme of the clay

minerals are shown in Tatle I. It czan ve seen tnut tne

Table 1

Cation Exchange Capacity of Clay Minerals,
In Millieguivalents per 10C Grams

Kaolinite 3-15
Halloysite 2HQC 5-1C
Halloysite 4HoC 40-50
Montunorillonite 50-150
Illite 1C-40
Verniculite 100-150
Chlorite 10-4C

Seplolite-attapuliplte-poiygorsqite 20-30

clay minerals with the highest exchan.e capacities are
pontoorillonite and vermiculite. These clays have an

expancing lattice. Thelr structure i1s such that vetween



each set of three lLayers water can penctrzte. The ais-
tance vetweea tne layer depenas on tne nunver of layers
ol wWater molecules which penstrute ana 1s ¢overned oy the
nature of the exchanie lon preseat. This very greatiy
increases the area availaoble to exchange. However, an
ion vetween thie layers 1s lesz easlly excnang<a than one
on tne surface.

The oraer in walcia lons will replace one anothner
varles anong ciay 2inerals. Ross (quotea ia Rankaasza ana
Sahana, 155C) glves thie following series for relative ezse
of revnlazacenent in montsorillonites:

e nat 2 nT okt e mg?t s caZ’

As a beneral'rule, the larger the lonic charge anc the
larger tne ionic rauius, the aore rezcily wilil a cation
be sorved. A cation, however, will replace one hizher up

the series 1f 1t has a si.nificantiy greater coacentration.

Cheailstry of Replacencsnt

In audition to the najor elements of a nlneral, other
elements nay it thenselves into the crystul vy replaceaent
or be present as inclusion without occupgyin; a structural
position. The latter case is tne less cominon. In any
clay sample there can ve a great variety of eleneats pre-
sent. They occur in very snali cuantities and are snown
as trace eieunents. Hildebrand (quoted in Sandell, 1944,
p.%) states that a trace element is one occurring velow

the 1init of guantitative analytical methods or in Sanuell's



woras less than 0.02 per cent. Ranxkana anu Szhusa (1550,
p.>4) cefine a trace eieuent as any elenent wnich is not
one 6f the el:ht azjor eleaents. These eizht sre oxy.en,
sllicon, aiuminun, iron, calciun, soaiun, potassiun, zna
Bagnesiun, in order of thelr zouncance. It is with these
truce elenents that the author seeds to corrcllate
ar=ilaceous sealmnents.

The replacenent of one xton oy anothner in a given
structure is culliea Gizcwochy. There are several factors
which control tnis replaceunent. The racdius of the replac-
1n. aton shoulu not difler Ly nore than 15 ger cent from
the rauius of the =zton veing replazcea. (Golausciiniut,
13554) 1t snoull ce renenvered that the size of an aton
or ion will vary with the cnarge whnich 1t cerries. If an
aton loeses an electron, tane protons will exioit a «reater
force of attraction for the remainin: electrons and the
resulting ion will o0e smzaller. Gzinine an electron will
proauce the opposite effect. This size reqguilreneat is not
always vallu vut 1e an approxination of the size uifference
allowea.

Ionization potential is an 1iasortant factor in wla-
aochy. Rankana and 3ahawna (1750, p.123) note that vetween
lon pairs with small uifferences 1a ionization potential
such as 514F - ge*", K- rot, Fe2* - co2* ana Mgt - Fe2¥
diadochy occurs extensively. For pairs witn large aif-
ferences of ionization potential such as.Nd+ - Cd*'

ciadochy has not been observed.
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As noted iLefore, the charge of tne reslacing ioa neca
not Le sloillur. However, in cases of wisciallzr churge
repiacedent the electrostotic acutresiity of the structure
will ve Jalatained vy tne introauction of aacitiona.r ions
outsice the structure frunevor«, Ly icaviie a structure
sosltion vacaal or vy sinuitzrnicous sucstitution oJi anoiner
lon.

Golaschnict (l254) (ives taree types o1 lawochy;
caagoulizr-e, cuasturs, un. awulsszlon. Csuocuaflzie occurs
when repiacenent tzdes place cetween ions oi siallear
Feé+

charese. Tne replacenent of vy Mg24.1s a €com.aon

ex=an

(9]

le of tals. Caonture 1= replaceusent vy an elenent of
hi.her charge. The crocess is calied casture uvecause ine

revlacing 1on 1s helc anore tizhtly cue to its hither

chare«e. An exanple 1s the capture of leaa 1n potassiuan
ninerals. Aanission is tiie ozposite of capture in that
an elenent of lower charie¢ replaces another prouucirn a

weaker vonu. An exanple is the zucstitution of lithiua

for maygnesiua in silicates.

Cccurrence of Man-.znese as a Reslacing Element

Accorcing t» Randana and Sahsana, nac. snese is the
seconi most abundant trace elemnert next to titaniua. 1In
Goldschamict's classification it is a strongly lithophile
element which means that it is enriched in the sillicate

crust of the earth anu shovis a strong affinity for oxy.en.
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In nature 1t is ciosery resisted to iron wouu in i.nedas
rocsis 1te ratio witn iron is coastuut. Inucpencent
Janzznece ulnerszle are r=re in i neouc rocas ut nearly
all Jinersal Jrouags coutoin asunesnese 1n thelr struacture.
It cliost aiways occurs in the uilvaient stute in igneous
rocgs. This 1e recuuse at tes.eratures revailing dGuaring
the crystalization of a nelt the Jivalent state 1= the
most ctaose. Its atonlc ruclus in this state 1s C.ul kX
2*(6

units. Tuls i1s eisilar in eize to Fe NTOON

M52‘10.?oﬁx), ZnEJTC.jjax) anc Ca2+KL.COAX). These four

24—18

eledents can ce repizcea ¢y nung unese; however Fe
most comoonly replaced. In cisys manpanese occurs as a
re-lacing elesent in the ~cteneursl layer (Gria, 1usZ,

2.72).

Effect of Weathering on Manpanese

Two processes control the weatnering ol gnanganese.
One 1s the lescriag of the ulvalent nanzcnese in solutlon,
nsinly as the iicarvonate. The other is the precipitation
of the insoluble oxidue anu hyuroxides of trivalent and
quacrivalent nznccnese; MnU, belng a good example of the
latter. The nocility of the lowest stage anc the preciri-
tation of the hl her stu.e of oxicdation is in constrast to
tnhe situation found in veanaulum ana chroanius. The low
lonic potential of civalent mangsnese proanotes its solu-
tion ©y even very weasly acla cgolutions. The higher oxl-

catlon potestials of MnpCz and MnCp leaus to precipltation.
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The precipitation or trauasvortation of nanpsiese, there-
fore, uepenas on the avaeiiavility of oxysen. Hunic coa-
vounas tenu to proaote tne transportation of Mn. Anotner
laoorctont fuctor is thue pH of tne agueous solution. A&
low oF will cruse soiution unc a hich ©H will oring acvout
fixztion. The presence of =clilid caiclun curconate will
tend to Lrine non-revercivle precicitation of nan_anese
2g the uloxice.

The effect of tne oxluztion recuaction on exchanceutle

nen:.anece in soil is shcowa in the following diasran:

MnaCs MnCp Rea. ¥nC Red. Red. water

Manganic = o lManganous =2 Exchanseatle =2 Soliuble
Cxices Cx. Oxice Ox. ox.

It can ve seen that as theoxiaation state is reuuceua, the
solucvility of tnenanyasnese 1s increasea. Unuer recucing
conultions the inscluvle asezarznic oxiue convert to the
nouile uwanganous state. Furtner reuuction uazges the iin
soluble enougn to ve zule to tade up exchange positions on
the clay as 1ocic aunganese. A sunalir percentage ol the
Tan: atese 1s in water eoiucle conaltion. Tiois systea is
in cynanic equisicrian ana as oxiuation recuction conal-
tions chen:e the anount of exchangecallie nanguiese Will ve
shiftec. FuJinoto and Suerm=n (1540) investigating
manganese toxicity in soil found thet aaulng suliur to
increase tiie aciclty increzsed to & great estent the
ansount of exchan_eable sanganecse a3 Gld adulng orcanic

of exchangeaile

ct

aztter. Thsy found that the zioun



1>

Va0 _ariese Coula ve reuwdcew welow Loadlc levels vy tuuin
crusnea Lisestoue.

In sunanry, it 1s seea tniat the cispoceition of tan-
einees ziter westherin, froa thue p-reat igneouds m=terleli
1s lejenuent on condliticne of oxiuvation rewuctlion wulch

coveri 1ls solulility.



LOCATION AND SAMFLILG

Tie varves selectec for sansling are those descrived
Ly Bergculst in nis pooer in the 1950 groceuinss of the
Michigan Acadeny of Sclence Arts snd Letters. They arcs
exposged in the vluffs alon, Laxke Michigan at Mliani Perk
Beach, four ulles northh of South Haven, Michigan (map).
The bluff stancds YO {eet avove leke level et this point.
The upper -5 feet 1s 2 tlulsh-zrey petoly clay till.
Below this is a 20 foot section of varveu secluents which
are cescrived vy Berggulest (155C) as laciolacustrine.
These in turn rest upon znother till cistingulshatie only
by position fron the one zvove. The varves thenselves
ciffer fron the tyoiczl varves in that they are eatremnely
variavle in thnicsiness, fron a tew inches to two feet for
both the clay anc sani lzyers. Bergcuist (1950) stetes
that the lack of uniformity nay pcosslbly ve aue to near-
shore dGeposition of the sediments in an i1ceborder lake of
relatively short curation. The sanu layers graae upward
into the clay layers in what the writer chooses to call
the transitional zone. However, the separation vetween
the sand layers and the unaerlying clay layers is at times
sharp zna other times transitional. The sana 1s rather
fine, l1ight yellow in color, ana conpletely unconsollicatea.
The clay layer contains two zones, 2 blue zone sharp.y
geparateda from an upper wvrown zone. The transitlonal zone

18 conposed of {inely interstratified silt and clay.
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The sengle site 1e In a wesp _ully whicn 1s situasted
at the enu of the northernnost roca lewdin_. into ¥iand
Parg Beazch. Alout twent; icet Lelow tuc coatuact cetween
the upper wrift anc tne varved sedliacuts a sixteen [eet

et ween trencn wos Ga . to expos= & sectioa of

vy

long four
the vurves {ree fron siope wash. The section with
thicancsces and 82001 Ludwers 13 shiowa celow.
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Ciay layers 1, 2, anu 5 were c21:led at the eastern ena
of the trench, at the center of the treach, and at the
western enu. Eaou h of the cluy layer was tasen to fiil
a four nuncrec niililiter veaser. Care was tagen to
gsandle evuaily thne Vlue and orown zones. The sanples

were then alr urled anu _round in an azate aorter.



FROCLLURES anw sm230LTS

Zoiscriaetric .ethols

A conlorietric setnoa funcnpsntally consists of
trewtin. 2 soiution of a csucstznce wita a rea_ent ia such
4 Way, as to Srouwdci & coaor whiich is _roosortionzi in
tntensit; to the zaoount of the soistanice 1a the solution.
(3reis & Sueid, Vvoo. 1, ~.40, -..) Accoruin. to the
Laasvert ez Law, tae zaoount ol liht which wil. cte au-

corceaw Ly oogdiutlon 1e Lirectl, pro.ortisaszl to tue con-

centrution of the zsesoriling waolecales. This 1s expressed
nathecucticsioy oy the ecaatlion ios %— = aguc where I 1s
0

the 1ntencity of 11, .nt troasalitted vy the szaanple and Ig 18
the intensity of 1i.nt striaing the saiple. "ag" is the

avsorcaucy coeiflclent ol the ssarticular soiute ana ae-
penug uon tue waveienzstnn of 11 ht, the soivent, anu thne
ten. erature. The thicxness ot sanple thirous-n whicn the
passes 1s cenoted Dy L ana ¢ 1s the concentration
of tae sorute. The writer crose a wavelength which gave
a naxinsun avsorcvency coefficient for man_.znese, Z25M
end plottec tne per ceat traansnission f% for a rzn;e of
concentration fron 1 to 1C ppa nansanese. A ovlans con-

teinineg «li tae reagents but no panganese was usea to

czilcrute the colorineter at 1CO per cent transmission

Lo, The resaitant plot (fig. II) is a stralpnt line on

Io
senl-lo; _uver ana therefore a.rees very well with the

Lunoert S5eer Law. In deteraiinia. the asount of
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exchungeavle unu totsl uun .uncse oresent in the sanples
sufliclent solvent was used to vrln, the purts per aililon

within the runge ol the stanuzrds. The nethou usea to
ceveloy thie color is tnut _ivern in Snell ana Snell (144,
vol. II, p.254). It was noulflied veczuse the concentra-
tioan of sulpnuric acid uzced cuusew preci.ltation of
calceiun saitatcs wnlcon clouwes the soiution. Calciua
sulfate 1s solucle 1o dillute sulpnuric acia cut iunsoluwvle
In coacestrated. Whern the asount of suigznuric acid was
cut from 2 @1 to 1 al tiie creciglitate clsas_enred.

In‘all cuses uupilcateu scailes were run and i1f they
varied by a1ore than 1 er ceant transilssion were reucne.
Eest results were ovtulex whea an ziultional halfl sran
of ootaszlun jserioc-te was acueuw after color duvelopuent

ce

Zlle

Total Mangzanese

The pfoceoire for the analysis of total uvangeanese is
essentially that :iven in Snell zad Saell (vol. II, 143,
pP+33%) for soils. Periodazte was used for color uevelop-
pnent reother than tue per sulfate nstinow as recomuended.
Two huncrea asllliliters ol solvent were used in aeveloping
the color.

Sanples M1, M2, M3, W5, anda Ez were analyzed to
deternine the varievllity bLetween varves and that within

varves. The results are shown on the following page.






2C

) pom in Sa.rle Slze 1l dran
Sagplie No. To Traus. Sciution 2om in Szuple

M1 o4 2.1 42C

M2 05 2.2 44GC

A o4 2.1 420

w> o4 2.1 42C

E> 05 2.2 44C

Within the 1iaits of zccuracy oi the nethou tunere ure no
Glsceruable ulifierences in total mzn-anese cetween or

witiin the varves.

Exchan eatle Mangonese, Resin Methoa

For ceteriasination of the exchanieavle cation content
1t was ueclacedw tnut a new method utilizing excnsnge recsius
woulid we investipiztew. A letter of inculry was sent to
tne Roha anc Haas Coupany, Resinous Frouuacts [Livislon,

‘rzde catlion excnange

»
~

re-ardiny the use of thelr resezrch
resin, anverlite IR 120. They exoressea an interest 1in
the nroject anca sent a counnlinentary oouncd of the resin.
IR 12C catlon exchange resin is an wrtificilal organic
coupounc with hi h exchnzne.e ccoacity. It 1s conposed of
sulfioanlc acic grouns which have at thueir surfaces large
nunters of exchange sites. These exchange cosltions can
be flileu by any cation. However, preference is showa for
ions of lcrzer lonic size anc or higher valence. 1If
cations ol lower valence and or snaller ionlc size are

present in sufficilent concentration tnsy will replace the
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otner cations. Tunls szie type ol reaction occurs iu znion
excncag e recins excent that the exchianc.e sltes huave posi-
tive iansteuuw ol negative cnirtes. Thnese canzr.cteristics
D.K€e eXcunge resins extredely aselar o2t 1n ianadsice; ana
in rescarch.

Resius wre (celi€élfaaiy cnargsea with gual., LOW valence
lons. When solutions contzinia_ lons ol ni:ner cuur.e or
lezreer size are pussea tirouih then tuey .lca up. these
'3 1u exchian. e for tue low valence ions witio wihilcii tihey
are satursatec. Toe lons awsorveu in tuls aanuer cun ve
recovereu by liusnlag tite resin witu a hign coucentration
of the chear,lila. ilons. This 1s Luown as stripping or
eiutini . The . rezter tlie afiinity of the resin ifor the
acsortec lon the nigher will sdeeu ve trne concentration of
stripoio: lons to Wisztliace 1t. Norusally hurc to sezarste
substances, the rare euartas for exaizle, can ve sepuratedc
vy »lacia. then on the resin and very carciully zGJustinug
the conceatrution of tne elutant.

For the cetersinatiosn ol exchunreavle .awuneguwnese, it
was necezsury to snow hat concentration of eiutant, in
this case HCl, wouiG ve reculred to coa.letely renove the
manganese {ron the resin. Known anounts ol aungunese were
placed on the resin ana then were stri:peu off Uy verious
stren.th elutants. It was founu that aeout 1C diilileqgul-
velents of HCL »er 1mlililiter of resin at a coacentration
of X0 per cent were recessury to congletely renove the

meanganese.
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Testsg were run to eterulie the 1o tn ol tine re-
culreua to _lsce a [ lves suount of mangtnese on the resin.
rour -arts per aillion 1an; anecse 1o 5C 0. water were sacocden
vith lour >C 11 sortions oI resia for 1C, 2C, (¢, wuc =C
olrniutes. 1In 3ll four threre was coaziete auvsorvtion of
ths suu-.nnece.

For uost excninse Word tie resin is pluced in a pl.ss
coluii auou the 1lon rewriaz soiations arle passed througs
it. Tne soiutlo.ns can tien Te foliowed oF the erutzat.

To aprroxinute these conuitlong, three (raous ol clay were
shaa€s witnn o llter of woter. Tais suc-oencslon wae uliowea
to pass thrsu.t a ¢oiaan of rs=sin, however, the resin very
effectively screeceu out the ciay. It was feared that to
effectively ulszerse the clay weoulc ulset the nangzrnese
equilictriun thereby siving erroneous resuaits so this
pethoc was avaadoned.

The next attenpt was to 1mix the clay wnd the resin
directly 1n a snell voluwe of wzter. A yras cof saaple E=
was adueu to 25 1l of resin 1a 1CC al of water. Tne
nixture vzs shaken for an hour. After the [irst few
shakee the cor« was tlown from the flass. The ideatity
of the gas velng evolved was estaviishec as C0p. A
possitle explaination wouiu e that exchange reiecased a
safficleat quantity of hydroniua ions to cause Lreuadiown
of the carbonates. After shaking, the clay was rinsed

fron the resin by repested decantztions witin cistilied
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woter. Fifty pillilitere ol ZC per cent HCL vwius adwed
cna esnzZen with the resin for nhoaf an hour. 7This was

goured oi'f anw anotner 5C pl W GulEU anu snaden as

e
)

vefore. The »rocess was reveateuw a thlrd tine. The

first, secona, and thire leczatations were znalyzed se-

U

zrately anda tne followliny anounts of niiganese were

aeterainec:
1l .48 resin
1CC ml solvent

first stripping ©l% trans. 2.4 ppm
second stripping &%l trans. C.0 ppn
tnird strioping ST4 trans. U.1 ppu

Total 2.1 ppm
Fron these resalits 1t wss ceclued tnat this would vLe the
oroceaure followea.

Another test was nzue to observe the effect of pH
on exchzngeavle manzanese. Four two gras sanples ol Wl
were treated witn .1 norazl HCl to give PH's of 7, 5, 3,
anéd i. A fifth saaple wes ieft zt the pH of the soll,
8.7. The sannles were treated 2s Lefore with the excep-

tion that the three strippings were vLoiled to aryness

to_ether.
pH Per Cent Truns. cpm
8.7 44 4.0
7.0 43 4.1
5.0 43 4.1
2.0 42 4.2
1.C 41 4.3




It was feit thet o ceterainution naue at the soil
I woulld e 1n9st cueracteristic since £l varies wetween
soils.

The azaounts of exchianiealle nunyanese 1n the varvea

841.1€8 us Geteralneu vy tiue resin aethod arce shown uvelow:
oY
Lt&eCle II

fer Cent 1 &0 clay 1CC 1l eolveat

Saanle No. Tr.ss. pru ia sol. rzo in clay
El 61 2.4 24C
E2 20 2.8 256C
EZ 52 5.2 520
Ml 57 2.7 270
M2 o7 2.7 27C
M2 e P 540
Wl oC 2.5 25C
W2 50 2.0 280
w3 Y, 3.1 310

It can Le seen froa the results tnat variation in
the zanount of exchan_eaule mansanese within a sincle
varve 1s neurly of the szne nu_ oituue as tne variation
vetweea varves. This could ve cue eltner to 1nadecuacies
in the methou or to variavles suchn as percentage of clay

anu tyoe of clay which affect the exchange capacity.
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Exchangeaole Manganese, Aanonium Acetate Methodo

An zttemnot was azce to checll the effectiveness of
the resin netnod vy cous.uriag the resaats with those
obtzalined vy & connoniy used setnoa. Satursting tine ciay
with o hi i coucentrition of cuotlious sacii g¢s wuaonium or

cariuns will excounge oif the catlions auvsorved on tne clay.

1

Tre awounts of these can then ve Jeterniriew in the
leacnzte. 4 Drocewure invoiving the use of wauwouluan
acetate 13  iven Ly 3chollenberier wnu Simon (1u45).
The szugles were sasaen in 25C ni oi aestral 1 adrand
ausaonlan zcetate for twio hiours. The l:sachate was then
filterea of'f in a Bucnoner funnel and three aaditionai
2> 0l »ortions ol asioniua zcetate were passeu through
the clay ccse. Tne zcetste was collec off wiiw the resiuue
aneljceu as vefore.

Taule I11
Saunles ho. Fer Cent Trans. Lo _Sola. spa In Clay

El 57 2.8 22.4
E2 45 ey 51.2
E3 46 2.2 50.4
M1 45 3.5 1.2
M2 43 4.1 %2.8
M3 43 4.1 32.8
Wl 57 2.3 22.4
W2 465 3.5 30 .4
W3 25 4.6 50.8
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The apount ol nanganese exchazncea oy this wethou 1s less
than with the resin vy a factor of ten. However, the rela-
tive ansounts are siasllar. It would wppenr tnit the resin

titese.

mn

rethod ¢ives resuits at lecst us voiic 2

Bxchenge Czpacity

The oscibility that the varizaliiity vaez uwae to
€xcig.i e capuclty was &also 1nvesti ated. The anasoniunm
satur:sted clay fron the Jreceecdin. ex eriseat wus rinsec
free of excess anuoala with etuyi sicohol. The ausoroea
avsonlun lons were tiiea Jorceda froa the excnaange sites
vy i1eacuinz with 1C Der cent JaCi. Ths eachi=ppe cazaclty
was weterilnec oy Kjelasnl wisztillation of tne sazoula uaa
titration with .. norusl HCL. The isethou is .iven oy

2a0n 1u tne refcerence siteu acove

[92]

Schollcenverier ana
witih the excention that kKjelcozll Jlstillztlon wes useu
in »lace ol Nezs.ierization.

Exchange Ceracity Exzrescsed as Mec/1CCg.

El C.CO Ml 7.C2 Wl ©.¢5
E2 5.20 M2 5.3 w2 5.C%
E> 5.C0 M3 8.15 w2 8.25

There ure cefinite uiflerences in the exchnclige capuclty

as given Ly thils asethod cut titey Go not ceea to correlate
with the exchanieavlie nunganese. To sursue this ilne
further 1t was Cociceu tnat o sscncnlicol =na cineraidogiczl

analysis of tune ciay was incdicatea.
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Mechanical Anszlysis

Tne proceluare for necnenicel cnsiysis 1s essenticily
that civen Ly Lruseelso ona Pettlloun (1920, 2.102).
Tenth norazai soclun hyaroxice wss usew &s e alspersing
azent anu tne settliae cylincers were theriostated ln a
vath at 259C. An iatseresting refineagent was a ig wnich
clloweu tinz plpette to ve hicla 1a zlace loterazlly over
the cyiluier zad then Lloviere. suoothly 1:nto the suspension
an exact measurea Wistnrnce.

Tne recsults of the secharniczl anniyels are shown
aunericaliy in tacle IV arnd :rzphically in fi.ure IV.
The cuoount of clzy pres=nt in eacua luyer 1s zeen to ve
falriy consistent within tle loyer uwut Loeg not correlate
witn the aiaount of excicarczile aungsanece as deteralneu oy

either nethod.
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X-RAY Ananl3IS

The use oi X-rays hzs .a2ined nuch ovozuizrity as a
means oi aeteralalng ciay wineralio y. It 1s guite a
reilicule uctiou anu proceudres are essy. &4 shiort explana-
will suffice for zn uawerstancin. of tne results.

Preoceaure

Tae cliey {rzction was sejd=zrutow Iron the siit oy
repeated cecantation. A weusariu cortion ol the suspca-
sion waes evu_oritew to Liyness =ul the regiuue velgliec
to deterualae the concentration ol ciay. Liext a plaster
wvi0Ca zowout an lucii squure and a@a elghth ol an inch thicsy
wz2g placels over a suction flasua. Znou.hh suspension was
suc:seu turou h the Llocuk to plate out avout 20 milliiraas
of clay. Twelve piliiliters of three per cent slycerol
golution were tnen dassed through the bilocs 1a thiree
portions. After alr uryin. the tlock was X-rayeca. A
ginilar agount of C.1 rnorazl KCL solution was rassead
througn the block. The tlock wzs heatea 1n an oven at
11C°C for two hours anc X-rsyeG seuailn. Tne vlocs was
then heatec to 500°C for two hours anu X-rayecd a third tlae.
The three X-ray traciags were stuuled to deteruine the
dineralogy.

Theory

Reflection of X-rzys by clay usinsrals 1s pgovernea oy

the inter-layer cistaznces (d j, the zagle of reflection

(26), anc the wzvelength of the rays (A), accorulng to



z1

EBrag.'s ecuation MA = 24 sin 6. Ey ouserving the an le
26 ot widcn aaxiaun relicction occurs, -hu referriic to

a tavle (luarclsh znd Irwia, 12%) usias

~
<

tre . Iropcel wave-

lcea th, faoterisyer zp2cln; cin Le reac Lirectly.

Ioteroretation of Resuits

As notec Lelfore aontaorillonite and veralculite are
thiree 1l=jer usincrazis with exceadia. lottices. Trextaent
witn -1lycerol will 1ncert tuwo 1ojyers ol this anterizd
Cetveen enchn st ol three layers of awontaoritionite. Tals
will eapanu the woantuorilionlte oo that the cistouce frou
the top layer ol tue set ts tne top loyer ol the next
incladia, the plycerol lcyers set will ce 17.7 cao-stroas.
I 2 pea.s occurs at tuis wistunce 1t is =20 incication of
noritnorilionite. Jeralcuilte wiii zllow oniy one layer ol
glycerol und will show & oJens 2t i4.. anoesstrous 1lnteriayer
wistonce. Mica (usually 1llite) cnd <zolinite wiil not ue

aflecteu vy tihls treztuent. Thnelr peuds occur at 1CAC and

>

T4° re

[&]

ssctively.

Tresting witu potesziuan enu heztlag to 11COC drives
out the interi.jer _olycerol Iron aontsorillonite anc
vernlcullte zuu ccllaoses the Gistance to 1C angstroans.
If tihis colliawse 1cs noteuw it is furtner incication of the
presence oi tuaese mloerzls. If 3 peas reucins at 14.2
an.ctron 1t shows the rTresence of chiorite which hus the
sane 1nterl-yer ulstance as veraicullte Lat ig not

cnllzcoecsule.

55}
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Hezting to 5CCO0C Ureads cows the exdeed hyiroxyl
lzyer ol Kaolin :=nd the Gisc_orecxrcunce of tnls veak 1 an
lodlication ol the aluerzl. zelow TAP thne oeunds are ni.ner

orders ol tne 2nes outiineu sLove with tre cace tion of a

Ny c ~ . - i 71
Dela wae Lo gaactz bt Z.ZAC.

Resalts
Aidfiyces wWere run ou the clay wzou silit fructions of

20« B+ to weterulue il bLiaecre were

(6]

sazles Hi, vz, M W
corralative uillervuces. Therc were 0o Jislorences 10 the
resaits so ouly those of oue s u2le (Hy) will Le suown fere.
Tune clay -cz=ds waulch occur in figure V zre listed veliow

witii thelr _Loscicole si_ ificarnce.

Chizorite

144°
Jeraiculite
Laolin
TA°

O
i
-
&
5
o

2nG orwer

o
-
—
o
5>
O

S5A°  2nd oreer

S0l Oruwer 05 1449

4
Ch
Ut

2nd orusr of Taf

N
S}

%.3  Zr. oraer of 1CA°
guartz
There is not enouxh ol « reazs at 17.74° to show the

greseace of nontmnorillonite. Thne peus ot 144° woes rot

(=

spoexc aso0n hieatlap and tnerefore 1s wue to culorite

rl
[
O]
G

S

4
o
iy

veralculite. Tne perun 2t 1CA disappears uzon heating
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Figure V
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to 5CC° _rovii,_ uilca {(Lootzily 11iite). Tue feza st 794
ludicates asolin cut thic willi hoeve to e ¢oofirsew vy @

cifferestial theraad saslysie. Tnerelore, oo the wusis of

tihe X-ray trocin:s the cloy c¢on Le supposca to Le a alxture

ol culiorite, 1.ilte, ‘e Juoliulte.
Floure stiowg an A-roy trociae of the glit {rection

~

of eu23°1¢ ML. The alnera.c rea.cralile lor thie eads ure

~.~

tentativesy iwentitfica ¢35 (+.2_4) cunrtzs wnl Teloesn.rsg,

(Ce+a) qonrte (o.254 ana _.2CA,; [ciuspars, (2..La) wolo-

O]

site, (2.+74) catrtz.  (aSTa, Lu32) Coaocite occars ir

w

the siit ITroctic. at in thige szazle hizs Leen westroyed oy

A ulilerential theraul zaciysls wave for erole M) is
shows in fi ure VI. At 1200 the volztilization of the za-
soried weler cCausea anioenlotueraic rewction. Thae comous-~
tloa of or:zanlc untter 1s res:onsicle [or the exdtaeraic
cerx =t 25C°C. The s.9li cend ot 55090 1s wue to the
couverelon of the scteowure. At 37COC the woter of the
raollin octaheural layer is crliven off (ivin: rise to an
entothernic pend<. Thils supports the X-ray weta cad proves

the precence of Kaoliuite.
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ALLITICHhAL ANALYSIS

thhe 1cc

cetveen verves, it wus

aang eniese on suacles fron aore wilcely

L0

«€eC

f Cifferences 1n

icdeo

to run

total nwn_znese

total zad excChlicngeavle

secar=ted locations

to sze 1 neacuresvie oliferences nctaalliy il occar.
Sazn.les [frous unoiiferentiatec lzelni Luae cloys from
Detrolit, Michii o, Queys o, Micali.zn, cuu fron the fFort
Union c¢lay ol wectern hortu Dadotu were Tuuliycsew. The
followi:,  resuits vere octalned:

Total orm Exchongcicle o1 Residual 222
Detrolt o4C z3C 210
Ruiyarc 500 2.0 2.C
Fort Uaion 25CC 17.C o«C
It czn ce seen that entirely ulilerent source :zreas azy

yilela Gifferent vzlues.



LISSUSSICN CF «k3LLTS ano COuloLoSICNS

The 1uez initiatin, this word on trace eicucut

corcelation 1o cizys was tuct non-cacnoncceavle 10ntic

n

content iu o ciuy sedlment woulld Serve ac & correlslacie
vaide. The recucte fail t- Lesr iris out. Moo, unesce was

Cclioseln &S “he eleidciuit 1o Le anzijreaw auw wWhicn tolur duli~
senece reuzinced cgsenticily constent fop thns turce varves
1 tre .iucizi lede clay which was stidleuw, €xcCualipcaile
nf;ullese Incresscdy €aelslil; Wowawara aidu w2s not coldietely
correicztive witnia tne scne vorve. Thls trenu 1s wadidaidus
witu clzy content s eacniun:e carzcity. The fact tozt the
governin, excazn’ € capacity scen Lo cxert Littie eifect oa
the ciaount of 12ugancce “icdasu u.- oy tne resin asoesorstioan

vetio. of znzlysice lencs thie writer to tLerdleve that naa-

tcnece ornlues in the eilt frection ol tne ciay coutribute

b

a iarzer saount of nur.unese tnan uoes the clay frzctiow.

’

Ttils 1cez 18 Lorne out oy the fouct trzt varyine the (H

rn

from ¢.7 to 1 _.rouuced oaly siigut lncreuses 1n excuznge-
avle nuing anese. Tne incresse in "excichgeavle" nan_cnese
Lowawara &y posslediy Le €XxVizliliel Uy lacressifigiy Ireuuclag,
coscitions witn ceptn.

Non-excnzngeavlie catlicon content, wnlie wnot stown here
to ve effective nuy yet, vy furtiier resezrch, :rove to ve
of vaiue. The resuirts frouy aiftferent crezes .roves tanat

total unu eacCizao_ecille 0napalicSe woes vary in clays.
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For lurther wors, tne wrlter =.,.ests tnut ciay
sad:les we Ulsperseu vy snckin, 1o Ciiute maadulau liy-
uroxlue. The aunonia woursu 11l bue eacucn e cites
therevy allowiny the scpuratlion oi the cisy {rwction
free irou eanctiirni_e eifccts. Totzli ondaysis of « Ciny

e reciuaal coutent ol the

*+
&

thus wredifela stiOouLL _iVe

iosn wialyced without tine uwzsain, elfect ol contricuations

fr-u thie i1t ircction.
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