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A caaprehenaiw knowledge ot the developaent ot a soil i• de• 

pendent in part upon an umeratan41.ng ot the change• vhiah the ao1l 

mineral.a Ulldergo tr. the time thq are e~ed to weathering aa part 

ot the JBftDt rock until the7 are tranatoraecl into tine •terial. fhua 

tar, attention ot aoil acientiata in weathering •tudiu ot a pu-ti• 

cular soil baa been directed. ch1•fl7 to the aecl.Dulation ot ela7 or 

colloidal material at ditterent depths and. to changes in the sroa• ahm· 

ioal CCllll)081tion ot the soil material in the 'Y&rioua borizona. Qmngea 

in the indiviclml llineral ooutituent• haw reoeiwcl little attention, 

eapec1a117 tboae cbuge• vhiah take place in the deeper part• ot the 

protile, that 1•1 below the B horizon, ualal.l.7 the la,er ot cla7 aoomu-

lation. 

Dioctaheclral 111.aaa, among which muaOOYi te 1• an important ••ber, 

are important primrJ llinerala toum in soil parent material. Thq 

abov great cc:mpoa1t1onal ftriation al'l4 can tom umer a wide range ot 

J>b781oal. and ohmioal. con41tiona. The ubiqld.WU8 ocourrenoe ot theM 

llioaa make• them ot conaiderable illJlort&nce in atudiea of rock weather· 

1ng and •oil tomation. Deapite thia more ~n occurrence, there ia 

relativel7auch le•• information on weathering al'l4 alteration ot di• 

octabed.ral lliou than trioctahedral mica•. 

JUcaa are influential on the ola7 trao'tion ot aoila in at l .. t 

three V&J811 J'irat, aioaa v•ther to cla7 aiae in relativeq unaltered. 

tom. 8eoon4, aioaa are altered during the weathering proceaaea, and. 

theae altered tonaa ot aioa ocour in the cla7 traction. Third., mieu 
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•7 weather to ionic ecaponent•, which undergo reorganization v1 th 

other iou to fo:m lraolini te or other mineral.a. Perhaps of greate•t 

importance to ao1la are the alteration product• acccapmJ1ng the wea-

thering ot dioctabeclral micu. For elCllllpl.e, m&D7 ot the 111.oa w•1iber• 

ing product• emibit a blgb cation exchange 0&J1&oit7, which 1• reflected. 

1D the propertie• ot the ao11 in which the weathered product• occur. 

The propert7 of cation exehanp 1• ot great tunda.emal and praotioal 

importance in aoila 1nwet1pt1ona, •• well u 1D other t1el48 con-

oernecl vi th the et\117 and use ot cla7 •terial.•. 
Thi• 1nve•t1pt1on ia ooneerned with ... ot the change• that take 

place in the dioetahed.ral. Jaica group ot mineral.a during weathering 1D 

eertain Virglnia Hila. It deal.a vi th the occurrence ot JIU800Yi te &D4 

paragonite tne a1eu 1D aoila, with the nature ot their alteration 

products, and vi th artitical. weathering •t\llie• deaigned. to gl. w ill• 

a1ght 1Dto the mecbald... ot mica alteration in aoila. 



14 

Cbaraet•r1•t1o• ot D1oc\&he41'al Nicu 

The baaic atruotural unit ot the micu i• a l&Jer atructure cca• 

poHcl ot two aheeta ot Si tetrabed.n between vhieh 1• a aheet ot aationa 

in ootabedral. aool'timtion with o·· and ca"' lou. The o·· ion,, oaa-

pr1a1ng the apex ot each tetrahedron in the Ii abeeta, point• tovazd 

the center ot the unit and 1• 1hare4 in ootabedral. eoorti.aaticm With 
+++t-the adJacent oationa ot the central aheet. Seu ~ the Ii :t.OD8 in 

+ +-charge d.etioie11C7 1• balanced. b7 eationa, !.!.&:,, X , • , outa14e the 

llheet. TheM oationa occur between unit la19ra where tbe7 tit into 

the bola tomed 'b7 the •ix member o·· r1nga ot the tetrahe4ral la19r. 

Dioctahedral Jlioaa are thoae miaaa in vbich onl.7 tvo•th1r4a ot 
4++. 

the poa1ible octahe4ral poaitiona are tilled, primariq With Al iou. 

Mica• in whioh all the ootabedral. poaitiona are tilled.1 primar1q b7 

Mg++ and re++ ioa.a, are trioetabed.ral.. Ot tbe ho ti»e•, th• 41.octahed.· 

ral tne occun more trequentl7 and la ot greater illp>rtanee trca the 

aoila atandpoint. Muacovite 1• the moat OcmlOD diootabedral. mioa, oo· 

curring over a wide range of geological CODd1 tiona. A ~tic 

•ketch ot mUHCYfi te 1• llhovn in figure l. 

The tum-n1ial feature• ot the muaeonte atructure were tint pre-

aented by Jaokaon and Weat (1930, 1933). Onl7 recently haft other de• 

tailed. analyaea ot auaccm. te been made (ladoal.cm.ch1 1960). HeDdriaka 

and Jetteraon (1939), later I.ninaon (1953), aDll othera baw 4emoutn.t-

ed. extenai ve pol.Jmol'Jh!.• among the micu. Po~rpbi• oecun be• 
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Fig. l. Structure of muscovite, ~l4(S16A12)020 (0H)4. 
Pyrophyllite layers with one aluminllil substituted for one 
out of four silicons in each tetrahedral layer, linked 
together by potassiun ions in twelvefold coordination with 
oxyeen. (After Berry and Mason, 1959). 
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oauae the atcaic arrangment ot the fuD'uental unit cell bu llOllO• 

clinic .,_.t17 vhe~• the aurtaee ot the unit oell baa hexagonal or 

paeudohemgonal a,metr;y. Smith and. Yoder (1956), 1n a d.etaile4 41•· 

cuaa1on of 111• po~rpbi•, both theoretioal.17 Ul4 eXJerimen'tall.7, 

predicted that aix aimple pol1Jlor.pha ahoul4 be obaeneda l!,, 2!J., 2!!2, 
J!, 2Q, and 6!· ror auaccm.te, 0n17 the l! ~, and. 3!, pol.Jmorpba 

bave been found det1Diteq; the 2Q. and 6! pol.JllOrpha baft not been 

found in either natural or a711thetic produata. Badoal.ori.ch (1959) 

auggeeted that the reuon tor this lie• 1n the 41tr1gonal rather tha1l 

hexagonal a,...t17 ot the actual la19r aurtaoea ot llicu. Such •ur• 

tacea can tit together moat readiq 1n va)'B which correepmd. to no 

rotation, or to rotations vhicb are multiple• ot 12()0. !hoae pol7• 

aor.ph.81 which oorreapond to :rotatiou between la,en and. are multiple• 

ot &JO (2Q, 2!!2' and 6!,), 8houl4 01ll7 be obaened. 1n 111.. ahoving 

little or no diatortion. Yoder (1959) atated. that the ccmpoaition ot 

the mica pl.aJll the dalinant role 1n cletermim ng the poqmorpiic •truc-
ture. Be atated that th1• 1• eapecial.17 true tor cliootahedral. miou, 

vhich ellhanoe the clqarture trm the hexagonal. chancter ot the (Al, 81) 

sheets clue to the clitterenee in Al-0 and li-0 bond lengths. 

Cloeel.7 related to auaocm.te i• the mioa, paragonite, the • 

amlogue. Paragoni te u a rook forming mineral occura alva)'B in ...U 

tlaltea (Bugster, 1n Abelaon, 1954). It .... to be 1mpouible to 41•· 

tinguiah optiaal.17 theae tlakea trcm tine·graimd. auaccm.te (lcballer 

and 8tewna, 1941) 1 Ul4 the7 are therefore 1nclu4ec1. in the group •vhite 

micas.• 
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The 'tall4it7 ot pe.ragonite u a 41atinot llineral apteiea baa 

been det:ln1tel.7 e•tabllahecl onl.J' in :reoent Je&n (lcballer and ltnena, 

1941). The viewpoint ot earlier worken vu expreued. bJ' llcComick 

(1934), who comluled that "paragon! te u a 41•tinct Jlineral bu not 

been found. in nature 1 1Dllicat1ng that it probabl.J' ia an \matable 

:molecule ot the lliea group." However, inve•t.1pt1eu (Supt.er an4 

Yoder, in Abelaon, 1955) into the ocourrenoe ot :paragon1te in nature 

revealed. that 111 ... areas th1• :mineral 1• one ot the -Jor rook• 

tonaing a111cate•. !be env1rorment in vhieh pe.ragoni te vu toUiJd 

ftri.ed trcm that ot tine-grained aedillenta, pi7ll1tea, auaconte .. 

biotite gneiaHa, ataurol1te-al.b1te aohiat1, auaCOYite•p.rnet •chi•ta, 

and lcyanj.te-ataurolite achiata to that ot paragonite•qanite lenaea 

w1 thin quartz veina. Thua, 1 t va• CODOlud.ecl that the occurrence of 

paragonite 1• leu reatr1ated than waa prniouaq a1auaecl. 

&Jntbetic preparations ot parasonite baw been hel.ptul in the 

positive identU'icatien of the mineral. Gruner (1942) •JDthe•ized. 

pe.ragon1te by heating Al(OB)3, ailicie acid, and BaGl with 0.1 ! HCl 

solution at 40o0 c. tor anen daJ'S 1n a aol4•lined bcab. Be belined 

that :paragon1 te 11 'JDO<mlOD becauae Ba -t iou an ao maall tbat tbq 

will not tit read.117 into the JC-r ;poai tiona ot the mi.cu. lloreJ and 

Chen (1955) tomecl J&r&&Ollite by ¥rothermal.17 treating &lbite. 

Stu:lie1 at the Carnegie lnatitution ot Wuh1ngton (Supt.er and 

Yoder, 1n Abelaon, 1954, 195'; lod.er, 1959) ind1eate4 that the atabilit7 

t1el4 ot pe.ragoni te ol.oMq rea.blea that ot auaeovi te. hragoni te 

po~rpba vere aJDthea1sed that paralleled. the auaecm.te pol.JllorJha. 



On the baaia ot theae laborato17 •JDt.beaea, it vu eouluded. that the 

tvo aiOU ahoul4 OCCUl' aillultaneouaq, pl'O'Yi4ed the chemieal OCDpOa1• 

tion requirsenta tor• and JC were •t. Inwat1gat1on ot MD7 tine· 

grained aohiata b7 X•ra7 •thocla reft&led that auaocrd te aDl pt.ragOld. te 

alllloet alvaJS occur aiaultaneouaq. lloat aptcimena labeled JU&&OD1 te 

are aixturea ot muocnite aDl pu'880Dite, a ooncluaion reaohed. follow· 

iDg aml.Jai• ot 1cae 100 lov•grad.e .tamorpd.a achiata containing white 

mica (lugater, in Abelaon, 1954). OnlJ' tvo QeeiMna ot pure ,an.• 

gold. te were obtainable 'b7 the author. !heH Maple• were traa Itaq 

aDl Svitzerlald, aDl were auppl.1.ed through the courtea7 ot the u.s. 
•t10Dal lluae\11. 

V1eva regarding watherillg ot aiou a.,.ar to be toun4e4 obietq 

on enm'nat1ou ot 4ecmpoaillg rocka aDl alteration ot mica in cle• 

poa1ta. The 8Jlltbea1• aDl 4eompoait1on ot aica under laboratort GOD• 

d1t1ou baa attruted. eona14erable 1ntereat 1D recent ,..ra. OmQara• 

ti wq tew inwatigatiou deal direotq v1 th the weathering ot mica in 

ao11. Although it 1• DD1; to be exptCted., ot oourae, that the weather• 

ing ot mioa in eoil 1• neoeaaariq ecaparable in nature or extent to 

that operating under other oonditiou, one -7 reaaombq inter that 

the alterat1ona vhieh taD pl.aoe in atoa under either natural or ·arU• 

tic1al aon41t1ou are 1D4i•tiw ot vbat -7 'be expected to take place 

in the eoil. 
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llu!goy1$f:ffOOD4arJ auacon. te plationabipa 

Considerable clitterence ot opin1on •x:l•ta u to tbe alterabil• 

it7 ot the d1ocrtabld.ral mica muacovlte. Muaco'flte 1• one ot the moat 

•table mineral.8 in wather1Dg, even though it 1• belieftd. bJ 8me to 

weather to 01&7 aineral.8. 

The general 0»1n1on ma1nta1ne4 tor m&D7 JMrt1 regar41Dg muaoo• 

vi te alteration vu expre•Hd. b7 Clarke (1924): 

Muaccnite, under ord.1.DarJ' cond1:U.0118, 1• one ot the laat alter• 
able ot m1neral8. !be tel.4apar ot a gran1 te M7 be oaapl.eteq Jrao• 
l1n1H4, while tbe -.bec!d.e4 plate• ot mica retain their brill18DOJ 
alao•t unohange4. 

lfhoulet (1913) liated muaecm.te among tbo8e llinerala mon 1n4enrue· 

t1ble in hi• •cmter ot deatruction.• Ool41oh (1938) propoHd a 

"mineral atabil1t7 aerie•" in vbiah auaoovite vu tbe moat resistant 

ot the allainoailicatea to decaapoeition. Pett1JobD (1941) DOte4 that 

muaCOYi te vu re:porte4 JIOre CCJll!!ODl7 traa older roob than 1'rca JOUDS•r 

onea, am on the bui• ot a "peni•tenoe index" rated muaocnite u one 

ot tbe mo•t peni•tent. Muaccm. te vu comidered exoeptlonall7 •table 

alao on the buia ot a "weathering )>Otent1al iD&lex" dev1H4 b7 Beiohe 

(1945). Thia extrae 1tabil1t7 ot muaco'flte vu quutioned. b7 DeDS.aon, 

FrJ, and Gile (1929), vbo obaened. that muaccm.te aid b1ot1te 414 not 

d1tter appreciabq in their rate• ot deaanpoaition. 1he position vu 

tman taken that, inaotar u origin 1• conoerneel, tvo JdDda ot muacovite 

were being reeognized.: primarJ' muaccm.te aD4 aeCOD1Sa17 muacovite. 

Clarke (1924), Merrill (1906), Van Riff (19()4), &D4 otben couiclered 

HC01Jd.ar7 muscovite to be an alteration procluet ot the potash tel.4qan. 

But the•e vriten 414 not 1tate that thia alteration take• plaoe un4er 
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normal cond1 tiona ot weathering, or whether HCIOad.ary auaCO'Yi te dit· 

ten tran Pr1mar7 11Uoovite 111 J."M"1tnee• ot alteration. IzrvutipUou 

ot ch1Da olaJll bJ B1okHng (1908) an4 Galpin (1912) 1Dd.1cated. that H• 

conda17 muaOO'dte •1 be tozmed 1D the ataoepherio veat.beri.Dg ot 

granites to ClaJll• JU.cWng'a vork vent tarther 1n auggeating that tho 

HOOlldal"J' auaOOTite thua formed i• muoh •re readiq altend than the 

Jlrillar7• He pointed out that in 4eocapoa1ng granite, tel4qar 1• al• 

tered 01ll7 to Hcom•17 11UCOY1 te. In the turtber deOCllJ'091 tion ot 

the rock to china cla7; however, he noted. that aeooa'•17 auaCMite 

puaea into kaolin1te, while much ot the pl'ima17 aica ptrai•ta without 

ob1'1oua alteration. ot oourae, china claJll 41tter vid.eq tl"clll aoila 1D 

their nature and perbapa in their origin. Couequentq, 1uoh trlma· 

tomauona eu be aumed. to hol4 tor 80118 onq u tbe7 are borne out 

bJ 1nve1tigationa ot mineral alteration \mller 8011 oaaliUona. 

Roa1 an4 l'err (1931) enm1ne41 chmiealJ.71 Mteriala like tho8e 

de1er1.bed b7 Hlokling u aecom-17 mica, •• vell u tboae deacr:lbed 

aa aerioite 'b7 Stelle (1907), and CODOl.ulled. that the7 vere not mi_., 

but similar to kaolinite 1D ecapoaition except tor the lover water aon• 

tent. x-rar atudiea ot the eame •terS.ala b7 Roe• and l'err iDIUea'-4 

that the Hconk17 llica bad. a kaol1D1tic •truoture, auggeating that the 

tel.4spar weathered clireotq to kaol1.n1te without an intemecliate •taae 
ot mica. 

The ncaenolatun ot HCOD'N7 Jl\l800TI. te• ia aaaevbat ccmtounded. 

b)' the plethora ot mm• uaed. to 4eeoribe the •teri&la. Sericite 1• 

perbapa the wt CtmlOll t1el4 term UH4 to deacribe tille•graillfld Ilia. 
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Winchell (1951) cletined. Hricite •• "a tine •cal.7 or tibroua kind ot 

auacortte, cont1Md to vb1te mica that 1• aecondar7•" Other naaea 

ucribed. to aecondar,y auacortte• 1.nolude illite, aaroapatakite, potaah 

bentonite, p1n1te, •ripoaite, ~ca, and gl1=erton. The cbarac-

teriatic teaturea ot all aecondar,y auacovite• are a decreue in I'. con-
+ tent and an 1ncreaM in water, or B3o , content empt.red to priar,y 

auacortte. 

Macken&ie (1955) aboved a relat1onab1p among the varioua aecon-

dar;y auacort tea in the tollov1ng •ohme: 

UCBIASDIJ BYDIAUQIJ AID DBCRBAIDG JC+ COl'1'DT 

Serie• I (after Grill, B1'8dle7, and Brown, 1951) 
1'tca 1ntenae41&te 
I 

I 
MuacoYite••-llJd.rcauacortte---Illlte••·Al·illidrmaica 

' 

+-----------~us Mica __________________________ ,... 

·Serie• II (&tter Mackenzie, :J.955) 

,- - - - - - - - - - - - - _-_7 M1ca intermediate , - ,,. - ,,. , - ,, 
MuscoYi te-'---•..,.-·•cort te<t-=·Illl te~··-Al-And.reatt1 te ' -.,,---- -' -- ' ' -- -- ', '- - - - - - - - - - - - - _ -:...-~111oa-aectite interatrat1t1ecl 

ainerala 
4------------~ua IU.ca __________________________ -+ 

The tem "1ll1te" vaa tint uaecl b7 Grill, Bra7, aD4 Bradl.e7 (1937) to 

deacribe a117 cla7 aica, but Mackenzie'• acbme reatricta it to include 

micu having approxiaatel.J' 6~ ~o. "BJdrmuacoYite" waa uaed 'bJ' Bra-
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mall, Leech, and Bamd.ater (1937) to 4eear1be a mioa with onq a mall 

amount ot g:+ replaced. b7 a3o +, while Anclreatta (1949) applied. the tem 

• Al·illidrmioa" to 41octabedral. minerala w1 th large aaounte ot JC-r re• 

placed b7 830+. "Bra"taieite" and •ll&l'Oqataldte" were propoeed to 4e· 

•cribe tboae mineral.a vhioh contain la19n ot the mica type and la19ra 

ot the mnectite (montmor1110Dite) tJPt 1ntentrat1t1e4. 'l'be tem 

"!Qdroue mi•• 1• bl'OK in aipiticanae and vu wae4 to include all 

aembere between the eme ot the arrow• in tbe aohale. 

In an excellent review ot s111tbetic and natural. muaco'Yitee, 

Yoder and lugater (1955) concluded that m&D7 ot tbe mineral nae• tor 

MCODl!arJ muco'Y1 tea were wmecea8&1'7, that moat ot the minerale were 

atraigb.t1'orvard ftrieti•• ot auaoavi te w1 th onq minor ftriatione 1n 

acm.poaition. !hq did make an important 41at1nat1on between illite and 

~ca. Ill1te waa coneiderecl a tiel4 tem onl.7 (u originally 1nten-

4ed 117 Grill) and ehoul4 not be uae4 when the mueconte po~rph aan be 

identified and Q8eitiecl. In oontrut, lQd.rmiaa denoted. a particular 

tne ot substitution 1n the mica aa interred. b7 QanguJ.y (1951), and b7 

Brown and Borriah (1951). 1'heae workers lnleJerdentl)' propoaecl that 
+ T a3o , the h1dronlllll ion, vbich baa a ra41.ua approx:lmteq that of JC , 

aubatitutea tor x+. 
Due to the aillilarit7 in structure• of auacovite and. ~te, 

one would elCptct ¥ration and eubMquent alteration ot the tvo miou 

to proceed aimilarq. The amount ot publlabed. information on • MCODdar7 

paragonite• 1.a meager e<mpared to the amount aftilable onmuccrtitea, 

however. Bamd.ater (1943) reported. the occurrenee of a •-containing 
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mica and propoaed. the ume "brumalUte." In a recent paper b7 Brdel.Ji, 

Koble:ocz, and Tol.na7 (1958), the tem "hJdroparagonite" waa intro• 

duced. aa the Ba analogue to hJdromuacovi te. The7 also cla••U'ied. the 

llineral cleaoribecl under the name "b~llite• b7 Banniater u ¥ro• 
paragon1te and not aa aod.1m-1llite. ~Dite baa been recog• 

nized otticiall.7 u a mineral specie• b7 the European llineralog1at 

ltrunz (1957) (Dr. J. lrd'1Ji, perao:nal cmmunicat1oa). 

Weatheriy; ot dioctaheclral mica• in •oil.a 

The tev atud1e• with empha•i• on alteration ot muscovite micaa 

in aoila have approached the problem primariq t~ the •tandpoint ot 

weathering •eq"--ncea. Field.ea and Svinclale (1954) augge•ted. that moat 

soil micas ot the muaco'Yi te type are likel7 to be leas stable than mu-

cortte itaelt due to ftrJing degree• ot aubatitution in the Jlica• tound 

in soil parent material. !he7 v1.a\Bl.1sed three important •tep• in the 

weathering ot mica in aoilai 

a) K1ca--Unveathered Pr1mar7 llica, inclwling muacort te, vi th 

bual •pacing ot approximateq 10 A1• 

b) Illite•Tbe tirat order baaal apacing 11 1till lO A., but h.7-

droql ma increaaed and JC decreaaed with increaae in exchange 

capac1t7. 

c) Cla7-Tel'llicullte--TheH llinerala expmd, which 41tterent1ate1 

them trm llioa and 1111te, eaeential.17 non-expmling mineral.a. 

1 The letter 'A' vill be uaed. to repreaent the IJJl'bol ot the Jns. 
atrm unit, 1. 
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At earq weathering •tase• in which B.,_ 1ona are danimnt, 

cla;y. 

Walker (1950) noted a etepwiae breakd.ovn ot the trioctabedral 

mica, biotite, to trioctabedral vem1oul1te, but no ecaparable altera• 

tion aeemed to occur with cliootahedral. 111aa. Earlier, 'Walker (1949) 

bad ob•e1'8d that the final product ot weathering tor both muaccm.te 

aJJd biotite vu kaolinite aJJd thus predicted. aiailar weatherlng ot the 

tvo tne• ot mineral.a. 

Other workers, however, have obaened. mneroua occurrences ot 

mater1ale vith a vemiculitio nature which haw weathered tran muaGOYite. 

Accordingq, tbeae material.a have been grouped. under the ll8ll8 '41ocata• 

hed.ral Yemiculite. • Brovn (1953) 14ent1t1e4 a 111neral found in soil 

cla;ya traa northveat IDgland aa a 41octab.eclral analogue ot Temieulite, 

which aeaned. to be derived. traa a 41oatahedral. miaa. Other oecU?'NDOea 

ot dioctab.eclral wmioullte have been noted in the 8henan4oah Val.l.q 

ot Virginia (Batha•7, 1955)1 in the Piedmont ot V1rg1nta (Bich1 195~, 

1958; Rich and Obeuhain, 1955), am in Mftral hUDdncl 8011 IUlplea 

ot the aoutheutern United ltatea (Blah, unpubliabed data). In all ot 

these atllliea, the origin ot the clioctab.eclral oharacter ot wmiculJ.te 

vu attributed to dioctabed.ral miaa. Jackaon (1959) 1ndioate4 tbat the 

dioctabed.ral tne ot nl'llioulite 1• more caaon 1D soil eJ.a;ya than the 

trioctabeclral t,.,.. 
In a at'U117 ot reaid\Bl. kaoliu 1n the southern Ap,palachian reg-

ion, laD4 (1956) JOlDW out that mica tonaed. b7 wathering ot teld.qar 
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altered to w:mioul.ar kaol1nite. Bo m.dence vaa obtahied that •ua• 
pated vemiculite u an 1nte:rmed1ate stage 1n the mioa to kaolild.te 

trana1 ticm. 

!he tomation ot aecondaz7 chlori te trca llioa during v•tber-

ing vu cited b7 Jettriea, Bolte, am KlUlU (1953) 1n the toll.ov1ng 

sequenc:ez 

111ca••4ioa 1nteme41ate•·-ahlor1te 1Dtemed1.ate•-chlor1te-·kaoliD 

Seaon.tary ohlor1 te reten to the ahlor1 te tomed by 1nterlaJWrins Id.• 
(+++) 

vi th J081 ti veq charged Al, Pe , am/or )lg h1drox1cle•. '1'be Al• 

1Qdrol9' 1Dterl&19r 1• thought to be the moat ec w cm type 1n acid ll01l 

cl.&7&• Cblorite-wmiculite 1Dtergradat1onal •terial tomed trm 

mica vaa tound in a Gn.J--Brow Poclzol1c soil ot Im:lam (ll.agee am 
White, 1957). A a1ll1lar end product ot mica v•therina 1D l'emaqlftD:l.a 

aoila vae 111tec:l b7 Jobuon and Jettrie• (1957). In a atu!y ot three 

miea-oontaintna ll01la ot Sew York, Bolte am Jetfr1.. (1953) placed. 

chlor1te aa the 1D1t1al stage ot the weathering Mquenoe rather than 

tbe end point. It .._. likeq that the atabil1t7 ot •narentl.7 aild.· 

lar chlorite•like minerals 1n aoila •7 ditter eonaiderabq. 

The alteration ot 41oetahedral. Id.ca to 110Dtllor1lloD1tic miDerala 

has been obaened. onq rareq. Thorp, Caq 1 and Geable (1959) pictured. 

the tol.l.ov1ng HCJ.uence 1n the M:1mni aoilz 

Ill1te~·····--····•••••••·•YermicUl.ite 
... ---------- : ' 

- - - - - - - -- -itoD.:Orillom. te 
I 
I 

Kaolinite 

Droate and Tbar1D (1958) obaerved a mixed la19r 1llite40Zltmor11.lmd.te 



aineral tomed. trm vell-cr,ratal.lized illite. Murra7 and Lejn'Jnger 

(1956) attributed the greater abnnd•nee of montmorillozd. te in loeaa 

than till to greater amounta ot finer miea Jm'Uole• 1D loeaa. 8tuU.ea 

b7 W•ftr (1958) on an Ozdiv1c1an ahale indi•te4 that montmorillord.te 

ia deriftd trca auaconte. 

lAbontton 1.m!atietione ot aioa al.tent1os 

Artitici&l veathering of muaoovite 111 .. in the laborato17 ma 
giwm pran1a1ng reaulta toward UDderatauUng the •obanims inwlftd. 

in alteration. The high atabilit7 ot auacovite i• illustrated. b7 the 

work ot Btarik aD4 L1:~v1Da (1958), who leaaW aUHOYite with hot COD• 

eentrated BCl tor 15 hours without rmod.ng arq I:. DeMiabl"\11 (1959) 

noted that digestion ot treah mica prooeea.ci olll.7 '981'1 alovq when 

treated with }Qdrotluorio aeid. Bo doubt the maber ot laborato17 

1.DTeatiptiona conducted on muscovite 1• ..ii 4ue to its high re•i•· 

tanoe to alteration. 

Warahaw (1960) treated natural and •JD'thetic illitea ~m· 

alq at temperature• abo'n 250°0. aD4 at preaaurea abate 101000 lb./iD.2• 

A llUll>le of Pithian illi te vu converted ~ to ftnlicull te at 

taape:raturea below i.oo0c::. am then to mica pl• ablorite trma 1too to 

550°c. It vu concl.Ulled that cUtte:rnee• in propertie• betrween illiwa 

and vell-crJ8tallized mi au are a tunetion ot oe&p091 ti.on aa well u of 

the tmperature ot tonaation. 

Jloveftr 1 le•• 4ra1tic •thoda haw been mploJed. vi th •ucee•• in 

altering mioaoeou mineral.a. By meana ot an artititial laadd ng teeh· 



nique, Dekeyaer !l !!• (1958) found tbat mica• exhibit mechanical 

extoliation in water at ioo0 c. and Utldergo chemi.cal d.ecmpoaition 

in water, charged with co2 or 825, at room temperature. lluacovite 

waa more atable than biotite in all caaea. 

Gaines and. lutkowaki (1957) treated. IRUICOYite with 0.1 I BCl -
and 0.1 I KCl and aeuured the amounta ot Al and 81 extracted.. -
Tb.1 concluded. that acida attaok the octabedral la19r aoat readil.71 

vhereaa basic eolutiona attack primar1J.7 the tetrahedral la79ra. 

In atudiea ot the reaction ot molten L:1I03 with a auacovite, 

White (1956) found that Li replaced a large JOrtioa ot the inter-

l.&7er JC. He alao found that a portion ot the Li vaa not excbange. 

able. 1'he nonexcbupa'ble Li+ ioaa apparentl7 migrated into the 

w.cant octahed.ral poaitlona. When Ba-aaturated. and slJ'cerol-eol•ted, 

the treated. material pft an (001) •J&CiDg ot 17.8 A, the 'b&aal apao-

ing tor 817cerol-eol•ted. montaorillollite. 

The precipitation ot JC trm mica• with 80d.1m tetraphe117l• 

boron (~B) baa attracted attention in recent 19ara. Bowewr, 1 ta 

ett1cien07 aa a replacing agent 1• queationa'ble. After long periGCla 

ot repeated extractiona, Dellmbrm (1959) vu not able to reduce the 

K level ot auacoYite below 6.'Jj ~o. Scott, Hunziker, am Banva7 

(1960) lWIOvecl all the JC in wrmiculite and. 4'J; ot the K in illite, 

but onq ~ ot the Kin auaoovite. Later work 'bJ' Scott and Beed. 

(1960) auggeatecl more ccmplete removal ot JC trca Jd.caeeoua llinerala 

with boiling Ral'h4:e eolutiona, but no data were preaented. u to the 

maount ot JC ra.oftd trm muacovi te Iii.cu. 
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The auacovite structure ma7 alao be broken down by grinding 

at rom tmperature. The ettect ot grind.ins ba• been atudied pre-

doual7 in detail b7 Mackenzie and Mil.De (1953). 'rbe7 conc:luded that 

the mucodte atructure 1• nearq de•tl'OJ94 ill eight to nine boun ot 

gr1nd1ng in an agate mortar, and tbat recrJ8talllzat1on then take• 

pl.ace with the growth of hJd.roua mica (illlte). 'l'he1r concluaiou 

were queat1cmecl 'b7 Yoder and h&•ter (1955), who attributed the re-

•ult• to 1ncmplete lrindine;, and not to l"UJDtbe•i• upon gr1Dd.1ng. 

Grim and Bradle7 (1948) heated ill1 te at fJooOC. and 8ooOC. tor 

one hour each, aD4 alloved the -terial to naain 1D tbe at.mo.pwre 

tor 'ftll'1ing per1ocla ot t1ae. The 11.rA cune• of tbe Mter1al.a latt 

•tand.1ng 1D41cated. to thm that the dehJdrated. 1111te bad. abeo:riNMl 

wter and os· iou. Tbeir interpretation tend• to aupport the con-

olualon of Nackeuie an4 Milne (1953) tbat lllite vu tomed trca 

grindillg ot muacodte, •ince their grinding product bad a:laU . .ar water 

aorptlon cbaraoter1atic•. Bovner, no D'1'A cunea were ma4.e ot the 

•ter1al.a t·ediateq after be&tiDg ancl it ia llkeq that all the water 

bad not been 4riwn out by heating tor ODl.7 one hour. BoJ' (1949) 1.D· 

41cated. that le•• tm.n ~ of the oa· content ot auaconte 1• re-

llOftd b7 beating at 6'XJ0c. tor orae bow. 

Mecbui .. ot mica veatherty 

Ell;Pl&nat1on of the cbm1.•try ot veatber1ng a\18CO"f1.te llica be• 

JOnd nconda17 mica baw not alva79 been eatiatacto17. •wrtbel.eaa, 

1everal conatruct1w ettort1 baw been made to elucidate the veatller-

1ng proceaa, and a brief ·~ ot the concluaiou reaohed trc:a theH 



ettorta 8eema worthwhile. 

Fieldes and. 8w1D4ale (1954) proposed 8everal hn0these8 regard• 

ing llicaceous veatheringi 

l) BJdrogen iona are required to remove interla19r K trail mica 

to torm illite and expanding micas. High pH tawra accaW... 

tion ot vermiculite. 

2) When both B + and. Ca++ iona are in appreciable concentra-

tion, the B+ ion 1• ettect1ve 1D aalda.g interla19r 8urface8 

acce&8ible to Ca H vbich, in turn, ass18t• the developaent 

ot a tull7 expanded aontaorillon1 te. Under theae coDlli tiona 

the veatheri.Dg 8equence 181 
a+ at 

Mica•••••••Ill1te·······Vermiculite·--···-Montmorillonite 

3) Under acid leaching, the high concentration ot a+ ion accele• 

rates weathering ot mica to cla7-wrmicullte but with lov COD• 

centration ot alkaline earth cationa, aontmorillonite i8 

slow to f'ora. 

4) Continued weathering under acid coDlli tion• 18 capable ot cle• 

grading either ve:rmiculite or montmorillonite to kaolin. 

Jackaon et al. (1952) interpreted their obaenationa a• an ind.1· --
cation that micas weather along a given JC plane (Me figure l) taster 

than the initiation ot weathering ot another such plane. '?he7 pro• 

posed tour chemical weathering reactions vbich ettect weathering ot 

micas: l) Depotu81cation; 2) ¥roxJ°lat1on; 3) l>eallaination; 

4) Deailication. Depotasaication 8illpl7 means the release ot K+ion 

trm between mica CX')'8tal la;yera by '20 an4 other cationa. Jlidro· 



x;ylat1on 1• the a••ociation ot a+ ion w1 th the apical o· ' which 1• 

1bared autuall.7 b)' tetrahedral and octaheclral la79ra, thua render-

ing the B +ion "nonexchangeable." Dealmination ia, in ettect, the 

1ub1titution ot 81 tor Al in the tetrabed.ral la79r. Thia reaction 

vould generall.7 be 1D acid aolution and the Al would. appear a• an 

exchangeable cation or ae11e b.1'1rolJZed form. Deaillcation retera 

to the chemical weathering proce11 ot Si remoYal, with particular 

reference to it• rao-.al tram three•la19r •illcatea to form kaoll-

Dite and gibbaite. 

Moat ot the work to date baa pictured the mica alteration 

mecbani.• aa ion exchange primarily. Gardiner and Sbore7 (1917) 

found that mumcoYite liberated IC upon 1oald.ng 1D (D4)2 804 solu-

tions at l'OClll temperature. Kelley and JeD117 (1936) found that the 

amount of ion excballge depended on the tinene11 to vhich the 11a11ple 

ha4 been ground, and auggeated. that the IC+ iona on cleaftge plane• 

were exchanged tor cations in solution. Jackson and Truog (1939) 

were able to liberate IC tram a aumcovite aemple bJ aoald.ng it in 
4. 

IB40Ac aol.ution atter vet grinding tor three d&J8. Scbachtacbabel 

(1940), uaing ground mumcovite, toUJJd that equillbrim vu reached 

alovly, and augeated that ions tran solution could •lovl)r pene-

trate the IC planes within the mica particle• and induce ion ex-

change inside aa well aa on the external aurtacea ot the 11&rt1clea. 

Oarrela and Bovard (1959) Yieved the loa• ot :K aa occurring through 

atraightforward B + .:(+ excbange. An important aubat1 tution ma7 be 
+ + tbat of tQdron11.11, 130 , tor IC (Brown and lorriah, 1951), which baa 
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been mentioned earlier. 

Whether excbange is limited to external surfaces or can take 

place with "internal" JC+ ions aa suggested by Scbachtachabel baa not 

;yet been cl.earl7 decided.. Banhad (1950) measured the S,.-axi• spac-

ing in llU8co'Vite p.rticles ot 5•50/" and lea• than o.~ sizes, aD4 

tound no change whether the ample vaa dr;r, aaturated with water, or 
+ Aturated with glycerol. But paragonite, which contains • inatea4 

ot IC+- aa the 1nterla19r cation, ahovecl a g,-axia expmaion in water. 

Perkins (1949) ai.o atatecl that no tendency to avell vaa observed. 

with his grouDll mica aaaples. Gaines (1957) noted little or no 

penetration ot clea~ plane• by neutral aqueous salt solutions 

after treatment tor Hftral daJ8. Ion exchange ot surface iona 

occurred rapi4l7, uaual.17 in a tev minutes. 

Mortl.aD4 (1958) suggested. that the rate ot X release from 

111.caa 1• a dittuaion controlled process. Walker (1959) 1Dd1cated 

that the mov.ent of di•lent iona in vermiculite 1• 4:1.ttuaion con• 

trolled. U C... rate ot appearance ot aw.ilable IC 1a governed by 

dittua1on, then the aecbaniam ot IC removal trca mica 1• more de· 

pendent on factors attecting dittWl1on proceaaea than those attect• 

1ng the lav of mass action. Such tactora would include tJPe ot 

41ttuaion, gemet17 ot the ditfua1on zones, dittuaion coett1cienta, 

and relative concentration ot ions in the weathering solution. 

It i• believed by 8Clle that a mechani• other than ion ex-. 
change i• nee484 to accoUllt tor the ditterences between 41octabedral 

and trioctabedral aiaaa in auaceptibil1t7 to alteration. Buaett 



(1960) suggested ¥roxrl orientation as a factor influencing mica 

alteration. Using illtrared absorption technique• on both diocta-

hedral and. trioctabedre.l mica apeciaena, he concluded that in the 

phlogopite structure (trioctahedral) the e11· ion i• oriented per-

pendicular to the cleavage plane, thua placing the B+ end, or the 

proton, in Juxtaposition vi th the JC+ ion. In the auacovite •truc-

ture (dioctahedral), the OH• ion is illClined. to the plane ot 
:T cleavage, thus placing the proton tartber fr<llll the K ion and the 

• + negative or O end ot the dipole cloHr to the JC ion. ~s dit-

terence in the enviroment of the x+ iona ia postulated. to account 

tor the tact that moat trioctahedral micas alter b7 ion exchange, 

whereas the dioct&hed.ral micas do not, at least in the initial stages 

ot weathering. 



IC&terial.a·-In a •tld7 ot thi• ld.Dd, monon1nerallc 9J)ecillena are pre-

tened aince man7 d1tt1cultie• ariee when tl'11ng to eftluate a •iDgl.e 

mineral cc:aponent in a ault1acnponent mixture. Therefore, an attempt 

vu made to obtain treah dioctahedral mica apec1men• which bacl not 

undergone watbering to &D7 appreciable extent eo that the weathering 

product• torme4 could be attributed to the 111.ca ccmpcment onl7 • Hov· 

ever, it waa soon obaerftd that the influence ot atmospheric weather-

ing reache• great d.eptha and it ia practicall7 i:mpoa•ible to obtain 

Ample& ot unveathered llica using conwntional auapl:lng means. •ver-

thelesa, reaaonabl7 fresh mica eamplea were obtained tl'Cllll aneral ex-

poauree in tbe Virginia Piedmont. ho of the samples colleatecl were 

Jb.7111 tea. One .-ple waa taken fl"Cllll a :railva.7 exposure near L11aCh• 

burg in Campbell Count7, the other tl'Clll a roadbank near Orange in 

Orange Count7. Two other --.plea atudied vere soil llicu taken trca 

soil i-rent •terial in Orange Count7 and Prinae Williua Count7. Soila 

aboft the m1ca-conta1D1.ng rock alao were aaapled in order to obtain a 

continuous weathering aequence trm the freah material to the ao11 au.-

face. Further deacription ot the material• aampled. will be gi ftn 

under 'Results' in connection with the experimental data uaociatecl 

with each sample. 

GeD!r&l Metboda 

In1 tial treatment and d1eperaion ot !!!Rl•·-The wsi 'ft mica eaaple• 

were tint l1ghtl7 ground in an apte mortar, then were further broken 



down with alternate manual grinding and mixing in a Waring blend.or. 

Grinding vaa kept to a llinbnn in an ettort to avoid brealalovn or 

alteration ot the origl.D&l mica structure. Soil Ample• were pulwr .. 

ized to paaa a 2 m. sieve prior to 41aperaion and. fractionation. 

Dispersion was aecaapliahed using E40H or • 2ex>3 to adjust the cU•· 
peraant to pl 10. Amt.oni\lll h14rox1de waa used in thoM cue• where 

Ila anal.7M• were critical and it vaa desired. to keep the Nllple• tree 

ot e:xtra.neoua •· 

Particle size traetionation-·'l'be aaaplea were tnctionated into the 

tollov1ng particle size rangea: 50 -~ 1 20 - ~' 5 • ~' ~ ~' 

and in certain oases,<:' o.~. The >~•ize ranges vere aepara1*l b7 

aed.1mentat1on metbocla 1 tollov1ng eaaentiall.7 the prooed.ure outlined. 

by Jackson (1956). The <:~traction vaa separated b7 centritugation 

using an International .,. 2 centrii"uge. SediMntation and. centri• 

tugat1on time• vere determined trca the nmograpba ot Tanner and Jack• 

son (1947). 

Bemoval ot tree Fe ox1.dea--Free J'e oxides were raoftd traa amplea con-

taining appreciable amount• by the method ot Aguilera and Jackson (1953). 

Catiou saturation ot !!!J!le--Folloving tree re remcnal.1 eaob. sample was 

ea-saturated b7 waahing it 5 timea with ! Ca~ solution. washing vaa 

acccapliabed b7 mixing the Ca~ solution tborougb.17 vi th the aa:ple 

am centr11'ug1ng the resultant suapena1on. Exceaa Alta were then re• 

llOWld with one vaah ot ¥ fol.loved 'bJ' l~ •thanol vaahea until the 

aupematant liquid vaa ci· tree as imlicated b7 no precipitation when 

a tew drops ot a 0.5 ! Agll03 solution vere added• The ca-aaturated 
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aaple• were dried in a vacum desiccator and stored in cloaed. n.ai. 
tor further atud7. 

Cation-excha:ne capac1tz detel'!lination--The method proposed b7 Rich 

(1961) vu emploJ9Cl, in which 20 mg. ot Ca-saturated aample was trau-

terred to a 15 al. centrifuge tube, 5 ml. K MgOAc added, and the tube -
stoppered and abaken on a mechanical shaker tor 18 houra. The auapen ... 

a1on vaa aentr1tuged. and the supernatant extract waa analJ'zed. im-

mediatel7 tor Ca with tbe flame pbotaneter. Results are reported on 

an oven-d.rJ' (llOOC.) aaple baaia. 

Prepaption ot !!!ple tor mineralogical. anab!ia--Wben teaaible, the 

aample used in the detendnation ot CIC waa also uaed tor x-ra7 dit-

traction aml.J81a. The Ng-aatu:rated aample waa transferred to a ..U 

centr1tuge tube, l al. ot l~ glycerol solution (in water) was mixed 

well with the cla7, and the suspension centrifuged. Bxcesa gl70erol 

waa allowed to drain thoroughl.J', then the aample vaa diaperaecl well 

with l ml. ot ¥ and poured on a glaaa •114• to dr7· Slid.ea ot IC· 

aatu:rated SDplea were prepared b7 suspending approximately 25 ag. ot 

ample in ¥ and alloving the auapenaion to dr7 on glaaa elide•. In 

ame cases, a 'apatulation' technique waa mplo;yed usetull7. In thia 

technique, the •ample 1• tranaterrecl to a alide and s}ml8d into a thin 

la19r with a spatula. Thi• method tended to give better orientation cl 

the (OOl)apacings. 

X-ray 41ttract1on at\Jd.J.ea--X-ra7 dittraction patterns were obtained. 

with a General Electric XRJ)-3 inatrment using 1'1-tiltered Ou ra41a· 

t1on. The radiation waa generated at 35 XV and 23 ma. The alita 



uaecl were 0.4°, MR, and o.2° tor the beam, Soller, and detector 

allta, reapectiftl7, except tor a tev inatancea where the Bl Boller 

alit vu required. Intenaitiea were recozd.ed. loaaritlmd.call.7. 

'!'be (o6o) reflectiona were meaaured uaing an orientation tech-

nique 4ev1•ecl bf' Rich (1957). The aaaple .. preheated at 550°c. to 

deat1"07 kaolinite, vhich bu a reflection at 1.49 A., aD4 •7 inter-

fere with the (o6o) tor muscovite at 1.50 A. 

l)etel'JDigetion ot total JC and •-·Total JC aDl • anal.J89• were made 

according to the a=1•1croohm'cal metw ot C:01"87 and Jukaon (1953), 

in vhic:h JC and • are dete11111ned by tlue pbotcaet17 tol.l.owiDg 111' 

decompoai tion. Percentage• ot JC and Ba are reported on tbe baaia ot 

a sample dr1e4 at uo0c. tor at leut 4 boura. 
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One of the pria17 interest• ot thi• inve1tigation was the 

relationship between weathering of mica and change• in the me. The 

interpretation and 411cua11on of reault1 will be eapbaaized trm thi• 

standpoint. 

J>ur:lng the couree of the investigation, however, other intereat-

ing obaervationa vere made that deaene attention. One significant 

t1Dd1ng was the occurrence of pa.ragoDite in certain soils and pll'eDt 

material.I. Be1ult1 pertinent to th11 t1Dling will be reported tint. 

Data on the natural weathering of paragonite-mUICOYite mica• will be 

tolloved by re1ult1 ot artificial weathering 1tudie1, with mphaaia 

on lo11 ot 1C and •, increase in CBC, and expma1on propertiea. 

It vaa pointed out in the literature renew that muscoute can 

exhibit aeveral pol.Jaorphic forma. 'l'hua it va1 deairable to eatabl18h 

the particular mica pol.Jmorph encountered in thia iDTestigation. 

:Ramaml;y oriented powder aample1 vere uaed to obtain the (bkl) apa.o-

inga ot the experimental llicaa. A cmpariaon ot the reaulta v1 th 

calculated 1pacinp tor al muacovite and a natural 211 muacovite 1• 

g1 ven in table l. The ! 1pacinga vhiab distinguiah the al pol.1110rph 

trcm the lX and ~ pol1110rpha are ind1crated bJ' an aater11k( *). All 

the micaa poaae11ed the al 1tructure prime.rt~, vhiab vaa e.x.pecRed. 

ainoe Yoder and Eugater (1955) and others have d.elloutrated that the 

2M pol.1fDOrph ia the moat CClllllOD one, eapec1all7 iD Hd.1menta17 rocu. 

Candler Rhlllite and !yon aoil--Samplea ot phylllte were collected 

tram an expoaure on the lortolk and Weatern Railva;y located approxi· 



TABLE l. Cmpa.riaon ot x-ray }IOVder data ot e:xperlaental mica• w1 th published 
x-raz: JM)Vder data tor al auaco'Yite. 

&iCUl&ted. d •turai al caDdler Loudoun Mica Mica 
~Jackson • Weat; 19332 '&llith • Yocler1 19561 phyllite pbzllite QR PW 

**14.4 
9.96 A. 10.o4 A. 10.1 A. 10.l A. 10.l A. 10.l A. 

4.98 
** 7.19 

5.o2 5.00 5.00 5.00 5.00 
***4.84 ***4.90 

•4.51 4.48 -- .4.50 4.52 
4.48 4.46 4.48 -- -- --

*4.lto 4.39 -- -- -- 4.43 

•4.295 4.30 4.30 4.30 4.30 4.30 't}, 
4.117 4.11 4.o8 4.ll -- 4.o8 

•3.965 3.97 3.94 3.95 - --
3.865 3.89 -- .... --

•3.735 3,74 3.73 3.73 3.76 
•3.48o 3.50 

**3·58 -- 3•50 3.50 
3,3lto 3.35 3•32 3.34 3.34 3.33 

***3·22 ***3·25 
•3.200 3.21 - 3,20 3.21 3.20 

2.987 3,00 2.97 2.95 ·- 2.99 
Continued on next page 



2.862 2.87 2.&r 2.89 2.89 2.86 
*2.785 2.ao 2.8l. 2.n 2.82 2.79 
2.592 2.59 2.6o 2.6o 2.6o 2.6o 

2.580 2.5&> -- -- -- 2.58 
2.562 2.56 2.56 2.55 

*2.490 2.51 2.492 2.490 2.510 2.499 
*2.458 2.458 - 2.453 -- 2.459 

2.446 
w 2.441 -- -- - -- \0 

*2.387 2.396 -- ***2.434 
2.396 2.4o8 2.396 

2.380 2.380 -- -- --
2.2(,o 2.247 2.279 2.261 2.247 --
2.142 2.149 -- 2.149 2.l.49 --

*2.136 2.132 2.135 2.135 2.135 2.135 
2.002 2.010 1.995 i.996 2.012 2.000 

"*1·935 "*1·951 l.66o l.670 1.671 1.671 1.674 1.668 

I l.500 1.4~ 
*Cbaraateriatic 211 ref'leetiona 

1.'95 1.495 1.508 1!517 
HChlorite bual llJMMd Dgll 
~te bual apaojnga 



matel.7 one mile eaet ot LJuchburg at the U.S. Higbwa7 4&> oTerpua. 

An excellent wrtical expoaure more than 50 teet cleep occun at this 

location. &maple• were taken at 101 20, 30, am 50 toot cleptba along 

a gl.ven plane of bed41.ng1 which clipe trm vertical to approx1matel7 

65° IW. '1'be clepthB ot aampling were cboaen on the baaia ot color 

ditterencea in the J>b.7ll1 te, which changes trcn blue-gra7 at 50 teet 

to gra7-brovn near the aurtace. !l.'he J>b.7ll1te vaa alao h1ghl7 tiaaile 

and luatroua. 

The material umplecl ia camnonl.7 called Wiaaah1ckon achiat, a 

name introducecl bJ' Joma (1927), who correlated. rooks ot tbia area 

with rock8 at the Wiaaahick.on :ro:nnation in Penna7l'Y&Dia. The geologl.c 

tomation at the site aamplecl bu been more apec1t1call.7 iclent1t1ed b7 

Brown (1958) u the Candler to:nnat1on, the oldest aDd. vid.espread tor• 

-t1on ot the lv1ngtoa group. According to Brovn, the Camler to:ma-

tion is aontinuoual7 exposed frcn Patrick Count7 at the Borth Carolina 

line northe&atward into northern Orange County where it ia-Hs beneath 

Triaasic bed.a. Th1a sample will be referred to as Candler J'b.7ll1te 

throughout this thesis. 

The soil abow the ~ll1te was sampled b7 genetic horizon to a 

depth ot 34 inches. It was cluaU'ied. as a maber ot the Jluoa Hriea 

grading toward the Manteo aeries. 

111.neraJ.osy ot ()mUer p&ll1te--The llineralogl.oal charaeter ot Candler 

pb.J'll1te, ••as 1Dd.1cated. b7 x-ra7 clittraction, 1• ahovn in figure 2. 

The x-ra7 pattern vaa obtaiDecl tram a raw aample ot Oa.nc'Jer ph7ll1te 

ground to pus a 100-meah aieve. Particularq a1gnit1cant vaa the 
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Fig. 2. Smoothed x-ray diffraction trace of Camler phyllite{ 4',100 mesh) prior to any 
laboratory treatment. 

• 



occurrence ot paragonite (9.6o A.) in as•oc1ation With muscovite 

(lO.O A.). ParagODite 1• believed to be a rather rare mineral speeiea, 

Judging tram the mall nmber ot publiahe4 t1Dd1ngs ot it. Chlorite 

(14.4 A.) and kaoliDite (7 .2 A.) were other minerals preMnt in sis• 

Diticant amounts. Cblorite 1• d.1st1ngu1sbable 'bJ' the aha:rp peak.a ot 

the 14.4 A. spacing and tbe higher order spaciDga vbich are sub• 

multiple• ot 14.4 A. IAollnite vu dietinguiahed. trm chlorite 'bJ' 

expmUng tbe. kaoliDite to 14.0 A. 1 using the JtQAc method ot .Andrew, 

Jackaon, and Wada (196<>). The 14.o A. peak ot expm!ed lmoliDite aDll 

the 14.4 A. peak ot chlorite produced a doublet, vbioh :penld.tted. tbe 

recogllition ot the tvo minerals. 

Weatheripl of Candler Ptqllite and cmtrlliy Jluon •oil··Tbe mineral 

••••blage ot the leut weathered. •terial wae sim1lar to that ot the 

100 ... llh material.. 'Dae onq significant chaDp vi th depth in the 

111.neralogical content ot the ~llite va• the lo•• ot ahlorite am 
to:n-.tiou ot wm1auli te 1 •• •bovn in figure 3. !'be veatberillg ot 

miaa 1• 1ndiaa'Hd. b7 the decreaaed peak 1nteu1 ti••. A tint order 

qacing ot 9.70 - 9.ao A. vu obtained. tor paragonite, which nomal.17 

ba• a 9.6o A. ap1-c1ng. Randan 1ntentrat1ticat1on ot muaaovite and 

pmt.gonite probabq accol1Dt• tor the higher qacing obtained 1n thia 

uapl.e, 'beoa\1841 the higher order apacinp are regular aub .. ultiplea 

of 10.0 A. and 9.6o A., reapectivel;y. 'l'he hiper order ,..U also 

are 41•t1Dctl;y •:eparate and thua attor4 an excellent uau ot 14enti• 

t1cat1on. Att.pt• to separate the miou b;y meau ot bea'fJ liquid 

1eparation vere uuucceaatul. It vu concluded tbat'tba :paragonite 

and muacovite ocourrecl aa an intimate 111.xture ~ w17 -11 ar,yatala 
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Fig.3. Weathering of Candler phyllite(<2;u) as a function of depth, 
as indicated by smoothed x-ray diffraction traces of Mg-saturated 
and glycerol-solvated samples. 
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ot the tvo llinerala. 

The v•thering ot Ba-mica CClllJllU'ecl to K-mica 1• iDdicated b7 
the • am IC anal.J'8e•, and the •/K molar ratio 1 gl ftD 1D table 2. 

A •/K ratio ot un1t7 1Dllioatea that • and IC are NDO'Ved. in eq\81 

aaounta on a molar (or equiftlent) buia. A -./I. ratio greater than 

one would iDdicate greater loaa ot 1:1 vbereu a -./X ratio lua than 

one would indicate greater loaa ot •· The relati .,..q ccmatant ratio 

near one auggeata that •/moa and X411.ca wather aiJlilarq. Purther· 

more, it len48 support to the belief that the lliou are 1nteratratit1e4 

and removal of one la79r •7 leave the a4Jaoent l&Jera more nacept1ble 

to weathering. 

I.a weathering iatenait7 iDCre&H4, the ahlorite cliaappearecl 

vbile wrm1cul1te and quartz umained. quite pl'ODOunoe4. !he origS.D 

ot 'ftl'micullte ia attributed to the Idea ccapcment rather than to 

chlorite, aa might be auepected. The tact that wrm1cul1te continued. 

to increaae aa the aurtace vu approached., vbereaa chlorite had. cli•p-

peared within the 30•50 toot depth, make• it aeem 1m11keq that cblo-

rite vu the 80Ul'Oe aterial tor the vermiculite. The 41atinct1on ot 

chlorite trca vemicullte 1• 1nd1cate4 b7 tbe abarp..,..ud regular 

orders tor chlorite 1n tbe )lg-aaturate4 aptciaen and. eontimed b7 the 

peraiatence ot the 14.4 A. qacing upm I'. aaturauaa aD4 beating at 

550°c. (tigure 4). The latter teat alao 41atingld.abea the aeoond· 

order reflection of chlori te trm kaol.1n1 te, which ia deatl'0J9Cl upm 

heating at 55a°C. The larger 4.26 A. peak ot the a\IZ'f'ace uaple moat 

likeq 1• due to a greater proportion ot q\19.l'tz relatiw to other 
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TABtl 2. Oontenta ot •am JC in Candler J191lite 

&;th, ~ < iff. l u a tunctiS f 4nth. • •+t 
fMt ~ !! r.l'llX>I· i •·lJ.D01. ae/'J.00.a. r'8l•El 

0 i.55 67.4 2.75 70.4 138 0.95 
10 1.65 11·1 2.85 73.0 145 0.98 
20 i.70 73.8 3.05 78.1 152 0.95 

30 2.30 100.0 3.80 97.3 197 1.03 

22 2.~~ lll.O 4.~ 104.o 21~ 1.21 



0 feet lO feet 

20 feet 50 feet 

Fig. a.. Ef'tect of K-saturation and heating on Ce.ndl.er phylll te ( < 2 ;u) 1 

as shown by amoothed x-ray dif'traction traces. 



mineral.a 1 which haw weathered more. 

Aa the aurtaoe •• approached., tba atabil1t7 ot tlle 10-14 A. 

•terial 1Acreued, u 1Ddiaated \>7 it• :reaiataoe to COllaJ>H upon JC 

aaturation and heat treatment (figure 4). Such etteete haw bea 

attributed to 1nterla19n CIGlp>Hd pr1Doipalq ot J:Qd.rox7-Al graupa 

(Rich alld ObeuhaiD, 1955). 

The occurrence ot kaolinite at the 50-toot depth •uue•t• that 

kaol1D1te i• one of the tint alteration produota ot mica. Appuentq 

the trauition take• plaoe relat1vel7 earq 1D weathering because it 

._. iapoaai'ble to obtain mica aa,plea tree trcm lraoltn:lte ew11 at tlle 

50-toot dept.h. Thia id• 1• aupported 'b7 the work ot Sud (1956), who 

obaenwd lcaolilaite ill treah 111.oa depo9it• and conolud.ecl that boliD 

aineral.8 are :t'omed. direetq :t'ral aucovi te. 

W•tberin8 aeqwtncea acoordiag to :particle aize and depth 1D the 

Baaon aoil an ahovn in figure• 5, 6, 7, and 8. Quartz vu more abun-

dant in the coane traction but lliaa va• aore abUlll!alrt 1D the tiner 

tractiom. The 01&7 ( ~ 2 ~ traot1on contained appreotable 11110unta 

ot wl'lliculite which contracted with d1tt1cult7, u abovn 1D figure 9. 

The •terial vu attectecl little 'b7 IC aatuntiOD but collaJ>Hd on heat 

treatment at 5500C· Gl.Joerol did not expand the 111.mral beJ0114 ii..4 A. 

'!he :peak at approx!Mtel.7 25 A. vaa probabq dwt to npl.ar 1Dtent:rat1-

:t'1•t1on ot alteraate Idea and wnd.culite la19re. rotaaai\11 aatura-

tion and heating oollapHd thi• ecmpanent alao. 

'1'he chaapa in Id.ca u attected b7 depth were ...u. The cmq 

noticeable ditte:reaeea wre higher proport1om ot t\artz and lraolillite 
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Fi~• Characteristics of 50 - 20/U fraction of Nason soil at various 
d~, aa shown by smoothed r--ray diffraction traces. 
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Fig.6. Characteristics of 20 • 5/u fraction of Nason soil at various 
depths, as indicated by smoothed x-ray diffraction traces. 
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Fig. T• Variation in weathering with depth of 5 - 2/u fraction of Nason 

soil, as shown by smoothed x-ray di:f:fraction trabes of Mg-saturated 
and gl.ycerol-solvated samples. 
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Fig. 8 Mica weathering as a function of depth in the < 2/U traction 
of Nason soil, as indicated by smoothed x-ray diffract1on traces of 

. Mg-saturated. aDd glycerol-solvated. samples. 
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Figo 9. Effect ot K-saturation and heating on < ~ traction 
of Nason soil, as ahown by smoothed x-ray dif ction 
traces. 
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nearer the aurtace, and increued amount• ot 1nterla,ered •terial 1D 

wraiculi te in the aurtace hor1zona. 

The intluence ot wather1ng on the •·JC relationship in the Id.ca 

ot ~ ~ »article aize i• ahovn in table 3. Althoup there vaa w.ri• 

at1on 1D the maounta of• and IC throughout the profl.le, the •/Xaolar 

ratio remained relativeq eoutant, near unit7. Thia aoutanq 414 

not bold tor the aoaner tractlona, *1cb OOD'WJ.ne4 ccma14erabq more 

IC than Ba. 'l'hi• augpata tbat Ba-mica i• contiDed w a -ller par-

ticle a1ze than Kcoa, which 1• in agreeent with tbe obaenatiou ot 

Roaentelcl (1956). Thi• tillding ia alao borne out b7 the x-ra7 4ittrac-

incnaaecl in intenait7 relative to the muacon.te apao:lnga with de· 

creaaing particle aize. It should. be pointed out, bovewr, that 41· 

rect correlation ot baaal qaoing with canpoa1t1on i• not poaa1ble 

due to the terD&17 nature ot the plragon1 te aolid. aolution (11oaenteld. 

!! !!•, 1959). 

l.o\!loun phzlli te aD4 Manteo aoil·· A ~lll te vu Aapled trca a road.-

bank located. aouthe&at ot Orange on Virginia B1ghva7 612, 3. 3 mi.lea 

tram the 1nteraect1on ot Bighwa711 638, 647, and 688, and approxiM.teq 

250 J'&rda eaat ot the Junction ot Highw.19 631 and 632. 1'he •ter1al 

cl.oaeq reaebled the treah material eaple4 near x.,nohburg in color, 

luater, and t1sail1t7. The Jh7llite baa been d.eaipated. u the Lo\ld.oun 

tomat1on on the Geologic Map ot Yirg1n1.a (Stoae, 1928). !he uu ot 

the .. Loudoun waa criticized. 1>7 B:rovn (1958), vbo auggeatect that it 

ahoul4 be aba"'oned.. Jloveftr, to 41at1Dguiah 'thl• -.ple trca the 



'!ABt.& 3. Contenta ot Ba and. K,aa a tunction ot depth, ot luon aoil 
( ~ 2&). overlyiiljj Candler phyllite. 

Horizon Depth, ' • i •-r K !!. (molar) 
incha• f •·'lff'I· f •• 13.00,,. •·'Woa· 1: 

A1 0-6 1.4<> 6o.7 2.45 62.7 123 0.91 

Bi 6-ll 1.47 63.8 2.57 65.8 130 0.91 

&.! ll•l5 i.35 58.6 2.35 6o.2 120 0.97 

B3 15-18 1.32 57.3 2.25 57.6 ll5 0.99 

a,_ 18-24 i.30 56.4 2.22 56.9 ll3 0.99 

~ 24-30 1.)4 58.2 2.17 55.6 U4 l.o4 

03 30-34 l.45 62.9 2.35 6o.2 123 l.o4 
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Candler :pb7ll1te near l.J'nchburg, it will be referred. to u Lo\ld.oun 

ph;yllite throughout th1• tbeeie. 

The eoil abow the phyllite va• sampled by poetic horizon to 

a depth ot 36 inchee an4 cleaigaated ae Manteo. 

Weatberiy ot Loudoun p!lyllite an4 overlziy Manteo •oll•·Weatbering 

Hquence• ot Loudoun J>b7111te and Manteo 80il, aa a tunction ot par• 

ticle •ir.e and depth, are shown in figure• 10, 11, 12, aD4 13. '1'he 

aineral ••-blap ot tbe Jia7ll1 te ( > 2 ,µ..-) ccmaiatecl ot auacon te, 

;paragonite, kaol1nite and qw.rtz. With decreaaing particle •ir.e, 

kaolinite inonaHd and q-.rtz decnued. In the < ~traction, a 

regular interetratitioation vaa noted, a• rewal.ed by the high •pac-

ing reflection at 32.7 A. and the higher order retlectiou at 16.8 A. 

and 8.2 A., which are aJ;prOXi-.te •ulaultiple• ot tbe 32.7 A. reflec-

tion. Moat ot the higber order •pacinga were vw.k, or ewn ln41atin-

gui.ehable, which i• to be expacted according to Brown and MacBvan 

(1951). '1'he nature ot the 1nteretratit1e4 uterial 1• q\leationable. 

'fbe apacinp aatiat)' thoae tor intentratitied. aontaorillon1te 

(.-vl8 A.) and wndculite (...vl4.4 A.), ewn though tbere 11 no other 

evidence ot aontmorillon1te in the Loudoun J>h7llite or it1 weather· 

ing prod\ICte. It could be that a aontllorillon1 te•like uterial 1• 

tonaecl in tbe tine :particle·•ized material, but either decc:apoaea or 

rewrta to wraiculite UiOD veatbering. 

!be mineralogical ccmpoaition ot the Manteo aoil vu eaMntiall7 

the ._. ae that ot 1ihe •eon aoil. Aleo, the • and JC content• ot tbe 

~ ~ traction ot Manteo 80il (table 4) were 1D tbe .... range ot 
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Fig. JO. Weathering sequence as a function of depth in the 50 - 20 /U 
fraction of' Loudoun phyllite and Manteo soil, as denoted by 
smoothed x-ray dif'f'raction traces. 
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Fig. U. Weathering sequence as a function of depth in the 20 - 5/u 
fraction of Louioun phylllte and Manteo soil, as indicated by 
smoothed x-ra7 diff'raction traces. 
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11. Weathering sequence as a function or depth in the 5 - 2/U 
fraction of Loudoun phylllte and Manteo soil1 as shown by smbothed 
x-ray diffraction traces of Mg-saturated and glyce~l-solvated 
samples. 
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Fig. 13• Mica weathering as a function of depth in the < 21u fraction 

of Loudoun phyllite and Manteo soil, as indicated b7 11111bothed x-ray 
diffraction traces ot Mg-saturated and glycerol-solvated samples. 
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UBI.I 4. Contents ot • and IC , aa a function ot depth,, ot Manteo 
12&;&; ' ~ 2 ~~and 11£&erlY1as fiudo;ya mlp· Horizon Depth ' + f ~lar) 

inabe• ! •. /100r.. ! ... /l.00 1. ae./JOOa· 

~ o-4 1.22 53.0 2.50 64.o 117 0.83 

~ 4-J.8 l.J.8 51.2 2.30 58.9 llO o.&r 
Ci J.8.ai. i.32 57.3 2.27 58.2 ll6 0.98 
Ca 24-30 l.52 66.o 2.62 67.2 133 0.98 
c3 30-36 1.63 70.7 2.62 67.2 138 i.05 

1.ollloun 
~llite ~ 2.z~ 112 l·20 82.o im •• 4~ 
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•e;ni tulle aa tboae of .. on. However, the :parent rock contained 

lfo me./'100 g. le•• IC than the least veatbered aaaple ot Candler pl:wl• 

11 te. 'l'he noticeable d.itterencea in the Manteo eoil ccmpared. to the 

•80D eoil vere a greater abundance ot kaolinite in all particle aize 

ranges, the appearance ot 12.2 A. and 14.4 A. CClllJIODf!Dta in the larger 

particle •izea, and a .. ller •/Kmolar ratio 1D the upper borizou. 

'l'heH ditterence• •uaae•t an ad:vance4 degree ot weathering ill the 

Manteo soil. Potaaaiua saturation and beatillg ot the 1nterla19recl 

vend.culi te 1n the L. ~ traction ettectecl collapse 81111larl.7 1D 

both aoila (figure• 9 and 14). 

Laboratory veather1D1 of Loudo\111 pqlllte--La'borator;y exper!Mnta were 

conducted in an effort to weather clioctahedral Idea artiticial.17 &Dl 

caqJare the artit1c1all1 weathered products vith those occurring under 

natural cond.1 tions. Particular attention vu g:l wn to the relation· 

abip between lou of JC, or X and lfa, and increase in CBC. As stated. 

earlier, it ia cleaira'ble to haw as uptr!Mntal •terial. a apeciaell 

tree ot illpur:lt1ea 1n order to asllOCiate the product• tomecl 4ur1Dg 

treatment vitb the aource Mterial. Since 'both 1'h7ll1te qeciaeu 

contained kaolinite, tree J'e oxides, and other •teriala extraneous 

to the mica, it vu nece••l7 to rmow tbeae 111purit1ea t:raa the rock 

saple. The llaCll 41••olution technique of JluhiJloto and Jackaon (1960) 

vaa aaploJed. to nmove lmollnite, interla19re4 Mterial, and uorpboua 

•ilica. Free Fe oxide• vere aubaequentl.7 rmoftd aocord.ing to the 

Mthod ot Aguilera and Jaouon (1953). The ettecta ot •ml treat-

•nt and tree re 1'90ftl on Loudoun Jlb7ll1te are •haw 1D figure 15. 
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Fig. "· Ettect of K-saturation and heating on the < 2/u 
fraction of Lomoun phyllite and Manteo aoil, as abown by 
smoothed. x-ray diffraction traces. 
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After treatment 

Before treatment 

Fig. 1'• Smoothed x-ray diffraction traces of Loudoun phy 111 te ( .( 2 /u), 
showing effect of NaOH treatment and free Fe-oxide removal. 
Inset shows (o6o) spacing. 



'l'he treatments •neared to baw an 1u1pit1cant 4eatruct1ve ettect 

on tbe 111.ca. The cliootahedral nature ot tha 111.ca i• n14ence4 b7 

the (o6o) spacing ot 1.500 A. Triootahedral llioaa give an (o6o) 

8J&CiD& near 1.53 A. 

!wo tne• ot expertaenta were carried out on Loudoun ~llite. 

One treatllellt aouiated. ot bolling the .-pl.e 1n •rloua salt aolu• 

tiona, tbe other treatment vu with a molten salt, --~ ldB03' A 

briet d.eacrlpt1on ot the met.bod used. 1n each cue will be giftn pre-

cecling tbe reaulta. 

Bo11.1y treatment• 

Metbod--Approximateq l g. ot pretreated., < ~ -•1• •ter1al vaa 

placed in a 6-llter tlaak conta1D1ng 5 llten ot the &JPl'Ollriate salt 

solution and heated. to boiling on an electric botplate. A reflux 

condenaer vu 1DHrte4 through the rubber stopper closing the tlaak 

1D order to prevent naporation during boiling. 'l'he Ml.ta and their 

concentratiou UHd. were 5 ! •Cl., 5 ! ~, 0.2 ! BOAc, and 0.001 

I BQ.. Aliquots ot the bolling auapena1oa were taken at tbe iDter• -
nla 1Dd1oatecl an4 5 liten ot treah replacing aoluU.on waa a44ed.. 

Reault•·""'!he ettect ot boiling 5 !•Cl, pl 5.2, on the Id.ca structure 

1• •bovn b7 tba X•J'&7 dittraction traces 1n figure 16. Blight ex• 

pmaion vaa noted after 2 c:la19 t:reatllent. At 8 c:la19, a material re-

••bllng a regularl7 1ntentrat1t1ed 50-50 llixture ot aioa and nr• 

lliculite vu tomed., u indicated. by the 25.2 A. and 12.6 A. 8J&c1np, 

reapectlveq. Continued. 'boiling to 30 c:laJ8 cleatro,ed the CJ'J8tal 

structure ot the aineral.. 
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Fig. 16. Expansion of Lomoun phyllite( <21u) following boiling 5 ! 
NaCl treatment, as indicated by smoothed x-hiy ditfraction traces of 
Mg-saturated and gl.)roerol-solvated samples. 
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Bxamination ot table 5 rewal.a that conaiderabqaore IC taan • 

va• loat through •Cl boiling. l•pecial.17 noticeable 1• the tact that 

the increue in CBC vaa non-atoichicaetr:lc with the loaa ot Sa and 1:. 

Apparentl.7 the exchange aite• were blocked bJ' poaitiwq charged 

Al-hJdro~ groupa that formed aa Al vu relealled. 4ur1ng break4own ot 

tbe llineral.. That charged .Al·!Qdro~ groupa exiat and. balanc. un-

aat1•t1ed negatiw charge• ba• been 4emonatrate4 1D •tllllie• like tlloH 

ot Bau and .Rich (196<>), and Shen aDCl Rich (1961). Furtheraore, Alta 

actuall.7 apee4 tbe Al·hJdrolJ81• reactioa (Bioh, 1960). 
It vu thought tbat the UH ot boiling BaCJ. aolution on a •· 

contaim ng llineral gave a cliatorted picture ot the relative rate• ot 

Ba and. JC releaae trca the mica due to the equilibrlm exiating 'be• 

tween Ba 1D the aaaple and. that in aolution, thua re•tr:lcting ita re-

ao.i. To elia1nate thi• ettect, a boiling 5 !M&C12 aolution, pl 

4.8, va• mploJed.. Nagmaim chloride vaa cboHD alao 'beoauae ita 

ettectivene•• 1D alter1na hJdrobiotite to wnd.eulite vu illustrated 

b7 Barabad. (1~9). Untonunatel7, an aliquot vu not taken until after 

10 daJ9, bJ' which tille tbe mica had been almost ecapleteq altered. 

(figure 17). The expanded. material.a tomecl were •:lJlilar to tboae 

produced with Be.Cl, but the mica•vemiculite llixture tol'Md. ~ 

~ treatment produced. more prminent peaks and. vu alightl7 aore 

re•i•tant to collapae with heat treatment (figure 18). Bovewr, 

there were 1naignit1cant ditterencea in IC and. • loaaea, and CIC 

gain (table 6). Thi• •uue•ta that tbe 'vea'tber1ng' action ot the • 

and Ilg Alt• -· •••Dtial.l.J' the ..... 
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BoiliDS period., ' 

TABLB 5. Btf'eet ot boiling 5 lf Ba.Cl on JC content, • oontent, am cmc: . ot Loudoun mllite ( L. 2&). 

daY! Jt Ba Jt • CIC 
- - - - - -~·- - - -1141.7100 g. - - - - - - - - -

0 

5 

20 

86.2 

31·3 
23.0 

23.0 

93.8 
81.8 

11.4 
69.5 

ll2 

94 
93 
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Fig. 1.T. Expansion of Loudoun phyllite( < 2/u) following boiling 5 N 
Rkt::i:2 treatment, as indicated by smoothed .x:-ra;y diffraction traces 
of Mg-saturated. and glycerol-solvated samples. 



5 days NaCl 20 days NaCl 

/ 

./ . 

10 days MgC12 

Fig. 1A Effect of K·saturation and heating on Loudoun phyllite( < 2/u) 
"!'Otloving NaCl and MgCl2 boiling treatments, as shown by smoothed 
x-ray diffraction traces. 



TABLE 6. Effect ot boiling 5 I~ on IC content, • coutent, and 
CBC ot Loudoun phxlliu C <- 2 µ: ) • 

B0111ng per10d, ' 
dap X • JC ±Ka CIC 

0 

10 

17 

86.2 

30.7 

27.6 

93.8 

71.3 
64.2 

180 

102 

9'# 

5.8 

26.5 

32.6 
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Both laCl and~ are •tl'C>D817 ionized Al.ta. To obeene the 

ettect of a weak acid, a boiling treatment with 0.2 !BOAc, pB 3.0, 

wu carried. out. The reaulta, •• •bovn in table 7, were quite dif· 

ferent traa tboae obtained with boiling salt aoluticma. Acetic acid 

raaoved appro:ximatel7 44 me. •/100 g., wberea• BaCl and llaC12 re• 

moved approximatel.J' 24 M./100 g. an4 30 •./100 g., reqectivel.J'. 

Alao slightq le•• JC vu replaced with IOAc than v1 th JlaCl and ~. 

A •trildng ditterence 1n cation excbange 'behavior vu noted. A net 

increaae ot onl7 7 •• /100 g. ot exchange •ite• wu obtained 4eap1te 

the large amount• ot • aD4 JC ranoved. The likel.J' explanation i• 

that the BOAc aolution waa buttered at a lover pH than the Alt 801.u-

tiona, and the lower pll{greater ac1d1t7) brought into aolut1on more 

Al+++, which subeequentl.7 reacted. to tom hJ'lroq-Al pol.Jaeric groupa. 

Although the CIC 1ncreaae4 ODlJ' allgbtl7, couiderable expn•ion oc-

curred, u indicated 1n tisure 19. Furthe:more, the •terial toraed 

vu reaiatant to collapae, particularl.J' atter the 30-4&7 treataent 

{figure 20). The d1tt1cult contraction indicate• a more •table Al 

interla19r contiguration a• a result ot BOAc treataent. 

The dilute weak acid treatment prodw:ed •uch ditterent reaulta 

trm tbe other treatments that it vaa decided to aee vhat ettect 

dilute atrong acid voul4 haft on expmaion and cation exchange 

properties. A boilina 0.001 ! HOl aolution produced neither ex• 

pmaion nor an 1Dcreaae 1D CIC atter 30 daJ8 treataent. Bovewr, the 

treataent, aurprl•ingl.7, d.14 produce orlatobalite, the high tmpera-
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!ABLB 7. Bttect ot boiling 0.2 If HQAc on K content, Ba content, aDll 
CBC ot l.o\doun phxlli te ( .t:: 2 e ) . 

Boiling period, 
da7! 

0 

5 
lO 

15 
20 

30 

• - • - - • • • • - - ae./100 g. - - • • - • - - - • 

86.2 93.8 180 5.8 
86.o 84.4 170 5.8 
65.6 79.2 l-45 5.9 
43.0 73.1 116 6.o 
31·5 65.2 97 7.0 
30.7 49.4 80 12.8 
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Fig·u. Expansion of Loudoun phyllite( <2/u) following boiling 0.2 !!, 
-HOAc treatment, as illdicated by smoothed x-ray diffraction traces 
of Mg-saturated alld glycerol-solvated samples. 



15 days HOAc 

30 days HOAc 

Fig. m. Effect ot K-aaturation and heating Oil 
Loudoun phyllite( < 2/u) following boiling 
HOAc treatment, as shovn by smoothed. x-ray 
diffraction trace&o 

oo0c. 
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in the o.~ - o.ytraotion. A ccmpariaon ot the x-ra7 patteru 

renaled a cloH •1llilarit7 between the natural aD4 •7Jdihet1c pro-

duct• (figure 21). The formation ot cri•tobalite 1• attributed. to 

gelat1on ot aaorphoua silica. Although criatoballte D01'11&ll7 1• 

tomed. at w~ high teperature• (l4700C. - 171300. ), it •7 tom 

at auoh lover temptraturea when crJ8tallisat1on take• place rapid.17 

(Be1"17 and Mason, 1959). .Alao the presence ot tore1p iou, par-

ticularl.)' •t and tine grai:a. aize :probabl7 account; tor 'thi• occurrence 

ot criatoballte because then tactora are Jmon 'to enbance the cata-

l.Jai• ot criatoballte CJ78tallization under metutable COD41t1ou 

(Be~ and Mason, 1959). 

Molten um3 treataent 

Method.-..& Mthod 81ailar to that used b7 Wbite (1956) VU mpl.opl. 

A 0.5 g. aaa:ple vu 4r;J-m1Dd. with 50 g. ot solid u.m3 ill each ot 

aneral platinm cnc1ble•. The crucible• and tbeir con'9Dta were 

heated at 300°0. tor ftr71Dg perioda ot time. After cooling, the 

aol141tie4 •lt vu diaaol'ftd in water, then the rma1Ding 91111.ple vu 

vuhed twice with water to raow ex:ceaa aalt. fotal Li vu deter-

mined n.-e pbotcaetricall.7 tolloving Br dipation. Other tecbniquea 

and deteminatiou uaecl haw been deaor:t.Hd prertouaq under "General 

Metbo48." 

Be111!l:ts--!b.e ettect ot molten Lil03 OD the cm.teal .CCllp081t1on ot 

Loudoun Pl7ll1te 1• 1Dll1catecl in table 8. 'l'he treatacmt 190ftd K 

aore etteatiwq tb.aD •, which 1.n41catea that tbe 1:-ooaitaild.ng 

lA19n are more euil.J' penetrated than the la·contaimng la;yen. 
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Fig. a.. Occurrence of c:ristobalite, as identified by x-ray diffraction 
data. 
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TABLE 8. ai.ical ccapoa1t1on ot Loudoun 1>h7lllte ( £ 2~) aa ~-
tected 'b7 molten L1B03 (1:100 ratio) at '300°C. 

Reaction ~ 

time IC • Li CEC Ia19r Charge Total CIJ&rp 
~JC. CIC ~X: Ba Li CIC 

- -----. ----..... g. - - - - - • - • - - - - - - -

0 86.2 93.8 4.08 5.82 l.86 190 

i hr. 67.0 ao.o 24.4 21.4 J.68 193 
l hr. 57.5 77.9 30.4 26.7 162 193 
2 hra. 50.4 75.0 31.0 32.2 -158 J.89 
6 hrs. 39.0 72.4 41.3 39.4 151 192 
l2 bra. 32.6 11.8 42.4 45.3 150 192 
l day 28.8 66.9 45.6 53.7 149 194 
2 daJB 23.4 64.6 47.0 6o.8 149 196 

3 daJ8 21.4 58.7 49.5 66.8 147 196 
4 4aya 19·5 57.7 6o.6 71.0 148 209 

5 daJ8 18.2 57.7 66.7 73.7 148 216 

6 dal! 1~·2 ~.o ~·~ 72.6 12! 24I 



The ditterence in interlayer acceaaibility apparentq i• due to 41t-

terencea in the ionic aizea ot IC+- and Ba+ • The IC+- ion haa an ionic 

cli•eter of 2.66 A., which ia alightq larger than the 'hole' ot ap-

prox1matel7 2.55 A. 41.ameter to:rmecl by the hexagonal ringa ot o·· 
ions of the tetrahe4ral la19r• abow and belov. fhua the tetrahe4ral 

+ la19n are bel4 apart alightq by the JC ion. On tbe other band, the 

-ller diameter ot the •+ion, l.94 A., pemita the tetrahe4ral 

la19re to close ccapleteq around it. Aa a reault, a greater ener17 

woul4 be required. to initiate expmaion along lla-conta1n1.ng layen 

than K-conta1n1ng la19n. 

The relat1ouhip between change• in cbemical CCBJO•ition and 

CBC 1• llhovn in figure 22. 'fbe rapid obangea occurring ini tial.q 

:probabq indicate reaction with the tiner particle-a1ze4 •terial. 

White (1958) obaenecl a atoich1anetr1c relat1onah1p between the 

aaount ot Li migrating into the lattice and the :lncreaae 1n CIC. llov-

ever, in tbia atU117, total increase in CIC ae-4 to be correlated 

more cloael7 with the loaa of JC. It x:+ and/or Ba+ are replaced b7 

cation exchange or the negative charge on the la19r clecreuecl inter-

•111 by J19netration ot Li into the atructure, the awmation ot ae. 

ot Ba+, JC+-, Li+, and CIC aboul4 be constant. A relati vel7 conatant 

am of approxiaatel7 192 •• vu maintained. through 3 da79 treataent, 

but a aharp riH to 247 me. vu noted atter the 6-da7 J19r1od.. Thia 

latter figure ot 247 me. approaches the total charge ot muscovite, 

approximateq 250 ae./100 g., as calculated trcma the theoretical 

tormul& ot auaconte. It ia interesting to note that the experi• 
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Fig. ••Variation in K, Na, and CEC with reaction time in the treat.ment 
ot Loudoun phylllte( < 2/u) with molten L1N03(100:1 ratio). 
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dif'f'erence 250-( ~ x+, Li+, Ba~, or 83 me./100 g. 

Expauion ot the Li-treated umplea atter various reaction 

tillea 1• abovn in figure 23. lxpanaion occurred rapidl7, which waa to 

be expected according to the rapid initial lo•ae• ot r-am. Ba~ and. 

decreue in la79r charge (table 8). The la;yer charge waa ocmputed. b7 
+ + 

s~tion of' X: , Sa , and. CEC. rua slml&tion vaa baHd on the u-

amption that all the Li lligrated to octahedral poaitiona. A rela-

ti vel7 constant la;yer charge waa reached. atter about 6 boura. 1'his 

agrees with the finding ot White (1958), who attributed the leveling• 

ott in la;yer charge to attaiment of' a critical JC content in the 

melt. '1'he •gni tude ot lA19r charge ia an illportant factor in tbe 

interlmaellar eXJMUUlion of' micaceoua minerals. Earlier atudiea, 

.!.•In Barehad (1954), seemed to 1.Ddicate that a c1")'8tal lattice with 

a la;yer charge greater than 150 me./100 g. will rma1n colltracte4 at 

10 A. However, aign1ticant expmaion vaa observed in :t.oudoun ~llite 

when the layer charge vaa 172 me./100 g. More recent work b;y Barahad 

(1960) 1.Ddicated tbat a vemicullte with a charge ot approximatel7 

200 me./100 g. expanded quite read1l7. 

A epecimen-tne muaco'Yite trcm Ontario, Canada, waa alao treated 

v1 th Lil03 tor period.a up to 48 hours. The results are g1 Yen 1n table 

9. The high initial CIC 1• believed to be cauaed. b;y exceeaift gr1n0.-

1ng during fractionation ot the ample. Mackenzie and Milne (1953) 

increased the CIC of' a JIU8co"lite to almost 30 me./100 g. by grinding 

tor onl.J' one hour. 

The low initial charge or 187 me./100 g. tor the Ontario mus-
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Fig.13• Influence of molten LiNO~(lOO:l ratio) on expansion of Loudoun 
phylll te ( <. 2f1), as shown by smoothed x-ray ditf'raction traces ot 
Mg-saturated and gl.ycerol-solvated samples. 



H8LB 9. Chellical caapoaition ot an Ontario muaCOYite A2-0.2.t"") u 
attected by molten LUK)3 (1:100 ratio) at 300 e. 

Laetion time, il&19r cbarge fOtai charge 
hours K Li CBC ~K CBC JC Li CIC 

• • - • • - • • • -me. lOOg. • • • •••••••••••• 

0 150 7.8 37.1 187 195 
l 37.0 35.0 145 182 217 

5 32.3 57.8 150 l.82 240 

24 16.5 90.5 J.65 182 272 
48 1:2.8 110 lIO 186 ~ 
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covite ia noticeable, aince it represent• a marked d1aerepan07 1'rca 

the theoretical '9alue tor well-cl'J11tall1zed. muacovite. Low-charged 

mica• have been obaerved., however, aa in the caae ot higb-•ilica 

micas (Schaller, 1950). Total charge increaetld to the unuauall7 high 

Dlue ot 296 •./100 g. It 1• difficult to account for thia high tig• 

ure. It i• poaaible that in the HJ)aration of the 2 - o.~ traction, 

8Cllle ot the IC vaa replaced. b7 lfa traa the • 2oo3 diaperaing solution. 

Abo, an increase in total charge would occur upon the aubatitution 

ot u.+ tor JC+ due to the dit:f'erence in atcato weight• of Li (6.94) 

and IC (39 .1). EYen it Li+ replaced. all the 1:-+; though, the total 

charge would be onl7 273 M./100 g. Furthermore, it all the 'VU&nt 

octahedral poaitiona in a dioctahedral mica were tilled, it would ap• 

pear that the structure would be neutral. Since it ian•t, perhaps 

the negati'ft charge on the tetrahed.ral laier oannot be baluced. b7 

Li +in the octahedral la19r. 

Dittere~cea in expansion ot the 1.oudoun ~llite am Ontario 

muacov1te were notecl, as shown in tigurea 23 and 24. !be Loudoun 

pqll1te did not expml beJond. 14.7 A., which 1• indioatiw ot a 

vendculite•l1ka uterial. Muaaovite expanded to J.8.4 A., which 1• 

a cbaracter1at1o SJl&Cing ot montmorilloni te. Thia ditterence ..... 

to point VI> the tact that aoil micas and apeciaen•tne mica• are 

quite different traa an alteration stand.point. The tact that the 

L1JI03 treatment produced a wmiculite-like •terial turt.her ind.1.· 

catea that w:miculite aa a veatherins product of dioatabedral mica 

1• probable. Both the ~111 te and muaco'ti te collapsed readil7 upon 
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Fig. a. Influence of molten L1N03(l00:1 ratio) on expansion 
of an Ontario muscovite(2 - 0.2,u), as shown by smoothed 
x-ray diffraction traces of Mg-haturated and glycerol-
sol va ted sampleso 



JC aaturation and beating, aa exmplitied 'b7 two aaaplea ot Li-treated. 

auaconte 1n figure 25. 
A8 1n the caee ot Loudoun Pb.7llite, the increaae 1n CIC ot the 

auaooUte, 133 ae./100 g., approximated. the cleenaae 1n I: content, 

134 M./lro g. !he equ1•lence betv .. n X extracted. aD4 CIC 1ncreue, 

conccmitant with the expmaion ot the mica, auggeata tbat the aeob&· 

n1• 1.Dwlftd iD the L:l.I03 treatment conaiat• ot L:I.+ replaaing I:+, 

then entering the lattice and reduc1Dg the charge Oil the lattice, 

vbich rend.en it expmd•ble. 

taboratou veatberiy ot llica tre Gray! Countr-- Laboratory atwliea 

were conducted. on tbe aicaaeoua parent •terial (~ borizon) ot a 

Tatllll aoil umpled prior to tbe beginning ot thi• 1nwatigat1on. The 

aapl.1ng site vaa located two mile• eaat ot Orange on Virginia B1gh-

va7 637 and om-halt llile veat ot B1ghva7 612 in an old hardvoo4 tor• 

eat. Thi• Ample will be referred to•• Mica OR t.hrougbout tbia pre-

sentation. A deacription ot ame ot the cbemical, Jh181eal.1 an4 mine-

ralogical propertie• ot the entire aoil profile baa been g1 ftD bJ 

Rich and Obenabaill (1955). 

the 5 - ~ tracticm ot Mica OR vu uae4 1n moat ot the labon.·~ 

tory treatment•. The dioetaheclral character ot the 111.oa and 1 ta 

appearance tollov1ag •CB treatment and tree Fe oxide nmcnal are 

ahovn 1n figure 26. The mica peaks are noticeablJ' ahar}1er as a 

reault ot the reaoftl. ot tree Fe and extramoua •teriala. Atter the 

pretreatment, the mica contained 134 ae. x/100 g. (5.2)j), 12.l •· 
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Ba/100 g. (o.~), and bad a CBC ot 9.2 •• /100 g. 

Boiling treatment• were carried out in a aild.lar •nner to 

thoH conducted on L-oudoun pbJll1 te. .An iaportant exception wa the 

more frequent changj ng of boiling aolutiona. The aolution vu 

changed daiJ.7 to keep the solution aa treah and. reactiw u possible. 

Bich (personal cmmunication) obaened. that 10 :pi:a of I: in aolu· 

tion vu •utt1c1nt to block exchange. 

It will be recalled that a 0.2 • HQAc solution r-.cwe4 • ancl -
JC ettecti wl7 but produced a negligible ettect on the CIC. 'lo note 

the ettect ot a mre concentzate4 JIOAc solution, a l g. Allple of 

Mica OR vu boiled in 5 l1 tera ot a ! BOA.c eolutiGD tor 8 daJll. The 

aaount of IC extractecl in ccapariaon with the increase in CIC i• 

giwn 1n table 10. It ia noted. that the CBC 414 aot 1ncreue atoi• 

cbimetricall.7 vi th the lo•• ot I:. Thia apparent loa• ot charge •7 

be accounted tor in two V&JllZ l) Blocking ot exc'bange aitea, pre-

a1.11&bq by Al ·H+ or }Qdroq-Al groups; 2) Internal recluction or CCII• 

pen•tion ot charge. Rich (1960) iD41oated that bJdroJC1'-Al may be 

an effective blocking agent ill 'Yermiculite. ID an acidic solution 

ot BQAc (pH 2.4), the formation of h1dre>X1' groupa i• probabq ..u. 
However, Al+++ •7 be releued trcm the llinezal am •t1•f7 the nega-

tive charge, since Al+++ 1• atrongl.7 attzacted. to the exchange •ite• 

and i• ditticult to replace by other iona. 

A mechani• that accounts tor the reduction of charge within 

the lattice would H• applicable in th18 C&He Jackaon ll !!.• (1952) 

proposed that the Bi-ion ma;y becane aaaoc1ated. with the apical oxnen 



TABLE 10. Bttect ot boiling li BOAc on K and • content and CIC 
ot Mica oa (5~& J. 

Boiling period, Cle wn 
de.ye I: Ba CIC JC+• lose 

- • - - -me./160g. - - - - -
0 134 9.6 9.2 

2 ll8 7.3 23.3 0.77 

4 ll2 7.5 24.5 o.64 
6 102 7.0 33.0 0.69 

8 100 6.4 36.0 0.72 



ot the tetrahedral •beet, tol'lll1.ng Cll- trca o·-, and thus reduce the 

negati w charge. 'l'h1• reaction •7 haft taken place during the JDAc 

treataent eince large amount& ot B +- ions wre preMDt and 1n aa 

actiw atate •• a reault of boiling. Jloveftr, no experimental en-

dence can be ottered. to eupport the itropoHcl aecbanimn. 

Accc:npaDJing the increa• 1n CIC vaa expmaion ot the mica 

atructure, as iDllicated in tigure 2'(. In general, weak w.ri.able 

apacing• were produced. After 8 da19, a pnmounced 12.2 A. •:pac-
ing appeared., euggeating a m1ca-wrm1cul1te tne 1nteratrati1'iaation. 

Potaaeilll aaturation and heating to 300°C. oontraeted the •terial 

(tigure 28). The ;patterns tend to conti:nn the conoluaion that block· 

age ot exchange aite• bJ' interl&Jer hJdroq-Al groups vu -11 but 

not negligible. The appearance of a ....U. kaolinite peak aner 8 

daJll 1• attributed. to kaolinite that vu mukecl bJ' aaorphoua -terial, 

which later vu zaacmtcl upon BOAc boiling. 

A boiling treatment uaing l ! •-citrate (pH 7.6) vu then•-

ploJed to ~re the producta formed pre'V1.oual7 upon acid treatment 

vith thoae toned upon alightl.J' alkal.1ne treatment. Deteminationa 

ot • vere made to check tor contamination frca •-citrate. 8odim 

citrate waa choaen alao becauae it 1• a ocmple:ar ot AJ., and thus 

should gift ina1gbt into tbe propoa1tion that b.Jd.roXJ'•Al groupa were 

formed during the prenoua boiling treatment•. The ettecti vene•• ot 

•-citrate in cc:aplexing Al baa been utilized in the zemow.l ot Al· 

1nterla79ra tl"Cll cla19 (Tamura, 1958). 
The etteat ot 'the •-citrate treatment on lo•• ot K and. increue 
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Figo IT• Effect of N HOAc boiling treatment on Mica OR(5 - 2/u), as 
indicated by smoothed x-ray diffraction traces of Mg-satlarated and 
glycerol-aolvated. samples. 
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Fig.al. Effect of K-saturation and heating on Mica OR(5 - 2/u) 
following HOAc boiling treatment, as shown by smoothed. x-ray 
diffraction traces. 
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in CIC ia 8bovD 1D table ll. Whereas pre'Yious treatment& 1emcne4 

increments ot JC in exceaa ot the CBC gain, Ba-citrate produced. a 

greater CBC increaae than could be accounted. tor b7 JC reaoval. The 

explanation ottered. tor thia unexpected occurrence ia that amorphous 

•terial, poaaeaaing no CIC, waa present initiall.J', causing the initial 

JC content to be lover than it would. have been bad the sample been 

pure mica. Aa the 11110rphoua material vaa remcmad during boiling, the 

percentage ot IC meuured in the aliquot vaa high relative to the 

initial value. That uaorpboua mteriala vere removed througb boiling 

ia indicated b;y the increaM in aize and intenait;r of the x-:ra7 4it• 

traction peaka atter treatment ccapared. to thoae before treatment. 

Expmaion occurred. readil;y aa a reault of the la-citrate treat• 

ment, aa abown in figure 29. A vermiculitic cmponent and. a llica-

ft:nniculite interatratitication are indicated b7 the 14.4 A. and. 12.2 A. 

apt.einga, reapectiveq. The aaount ot 1nterat:rat1t1ed. -terial in• 

creaaed. With time of treatment. However, the •XJUded •terial col-

lapaecl aa eaaiq atter 16 da.711 treatment aa with 2 cla711 treatment 

(figure 30). 

An iaportant factor in chm.ical reactiona, !.:.1:.1 weathering, i• 

particle aize. To obaene the particle aize ettect in the boiling 

treatment, a aaaple ot Mica OR, < ~ particle aize, vaa boiled in 

! •-citrate tor 8 da79 and observed tor cbugea. Pollov1ng :laCll 

treatment and tree Pe remoY&l, the sample contained. 64.8 me. K/100 g. 

(2.5~), 68.7 me. lla/100 g. (l.~), aDd bad a CBC ot 10.0 me./100 g. 

A ccmaent on the high lla content ia required. .lnal.791• ot an untreated 



TABLE 11. J:ttect ot boiling B Ila-citrate on IC and • content and 
CIC ot Mica OR(5-2@). 

i0u.1ns period, ' die pin 
days X Ba CIC x+• loaa 

0 

2 

4 

6 

8 

10 

12 

14 

l.6 

• - • - • ma./100 g. - - - - -

l3lt- 9.6 

ll2 10.4 

102 8.8 

96.0 11.3 

93.2 9.2 
91.5 10.8 

88.8 9.6 
88.3 9.6 
88.o 12.1 

9.2 

32.5 

47.3 

52.5 
56.5 
58.4 
63.5 
65.7 
69.0 

--
l.o6 

1.19 

1.14 

l.l.6 

l.l.6 

1.18 
i.23 

1.30 
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Fig. If• Influence of boiling • Na-citrate on Mica OR(5 - 2/u), as 
shoWn by smoothed. x-ray di?°frac:tion traces of Mg-saturated. and 
glycerol-solvated. samples. 



2 days 16 days 

Fig. 30. Effect of K-saturation and heating on Mica OR(5 - 2/u) 
following Na.-citrate boiling treatment, as shown by smoo~bed 
x-ray diffraction traces. 
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aample ot "-~material indicated. a Ba content ot o.~. Therefore, 

the lla applrentl.7 •• incorporated into the Haaple during the pre• 

treatment. Ord1naril7 the tree Fe vae remoTed tolloving beatiDg and 

.ell treatment. In thi• particular caae, Fe vaa remo'ftd prior to 

heating, the purpoae in mind being that more ccnplete remo'Y&l ot 

kaolinite and 1nterla79r material• ahoul4 occur on J'e•tree umplea. 

Since the ample CODtained. vermiculite, 1t 1• likeq that the lla 

added through lla-41.tbionite and Ba·bioarbonate 1D the Pe rmnai pro• 

cedure vaa trapped in the wl'lliculite during heating. 

:Figure 31 8bova that allloat all the Jlica exp.med to 14.2 A. 

after 8 c1aJ8 treatment. ot inte:rut i• the increase 1n me acaca-

pan7i.ng tbe ex;panaion (table 12). A pin ot alaoat lOO ae./100 g. 

vu accmpl111he4 alt.bough onl.J' about 73 ••· JC +-Ba/100 g • ._. re-

leued. The onl7 explanation ottered. 1• that enough amorphous 

material vu preaent to account tor the di•crepl.DCJ'. The raaOftl. ot 

amorpboua material i• 1Ddicate4 in the JC-saturated aml heated eaaplea 

(figure 32). After 8 4a79, the peaks were larger &114 abarper than 

atter 4 c1a19, and coU.,.. occurred auch more readil.J'. 

On the ba•i• ot CIC data and expmaion charaeteriatica, it i• 

oonclulled that lla-ci trate reacted. ditterentq vi th tbe Jlicaoeoua 

material than did BOAc. The lla-citrate alteration proceaa 1• pic-

tured u one in which Ba+ ions replace K + iona la the 1Dterla19r 

poaition, tolloved. b7 •JQIU8ioD ot the Jlica atructure. Bxpmaton 

vu euier with •·citrated,. to the greater )Qd.rateabil1t7 ot • + 
+- -h than H (or a3o ), BD&l the abaence ot interla19r bloeklng material. 
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31. Expansion of'< 2 JU fraction of Mica OR as a re•ult of boiling 
If Ha-citrate treatment, a• shown by smoothed x-ra;y dittraction 
traces of Mg-saturated and glycerol-solvated samples. 



TABJ.I 12. Ettect ot boiling 1' Ba-citrate on X: content and CIC of 
Mica OB ( L 2& ),-

Boiling period, • Cle ga!n 
dap IC Ra CEC IC +-Ba loaa 

- • - - - ... e./lflJ g. • - • - -

0 64.7 68.7 10.0 --
t -- 49.6 --. 
i 48.6 50.4 52.3 1.23 
2 -- -- 54.5 --
4 35.7 38.7 88.4 l.33 
6 33.3 33.2 lflJ 1.35 
8 31·5 28.6 lo8 1.33 



8 days 4 days 

Fig. 31• Effect of K-saturat1on and heating on Mica OR(< 2/u) following 
Na-citrate boiling treatment, as indicated by smoothed x-ray 
diffraction traces. 
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The abaence ~ interla19red. material, which 1• known to inb1b1t ex-

pmaion u well u reatrict contraction, ii indicated b7 the high CIC 

ot tbe treated •terial and unre•tricted collapae l.JIOD I'. M'turat1on. 

laow.l ot the interla19red material, which nomal.17 contai.u Al, vaa 

effected b7 CCllpl.exing tbe Al with citrate. 

An intereating feature ot the product• to:med. bJ the boiling 

treatment•, particularl.J' •-citrate, 1• their a111ilar1t7 to the aatu-

rall.7 weathered pl'Oducta formed in aoila. The weathering aequence in 

the cla7 traction ot !atm aoil owrlJing Mica OR ia shown in figure 

33. The moat weathered material near the au:rtace in 1ihe 2 - 0.2p-

trac:tion ot Ta ttnn 1• analogous to the 5 - 2/" traction ot It.lea OR 

treated. 16 daJW with •-citrate. Likewiae, the 0.2 - o.08_.,µ-traction 

of !atm reamblea the L. ~ traction of Nim OR treated. 8 claJB v1 th 

•-citrate. 

BJdrochl9r1ct acid treatment 

Method-- A ample ot Mica OR(5 .. 2~) vu treated with ~ BCl in a 

manner aimi.lar to the acid-diaaolution technique aploJ9d b7 Oatbaua 

(1956). A l.O g. aaple vu placed in 200 ml. ot ~ BCl. iD a pol.J'-

at,rene bottle. 7.'he auapenaion waa atirred conatantJ.:r and heated at 

approxillatel.7 aooc. in a water 'bath on a ateaa hotplate. Aliquot• 

were taken at w.rioua time period.a and ana1Jze4 tor Al, Fe, and. Si. 

Allmima was d.ete:rmined. according to the method ~ Jone• and Thuman 

(1957)1 re b:r the orthopbenanthroline aethod described b7 Jaekaon 

(1956), and Si b7 the aen1•1 crocbemical aetbo4 tolloving ~co3 tuaion 

ot the umple (Jacklon, 1956). Potaaai\11 racnecl vu d.etemined. b7 
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Fig.33• Mica weathering in the clay fraction ot Tatm soil, as 
revealed by smoothed x-ray diffraction traces ot Mg .. aaturated 
and glycerol-solvated sampleso 
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difference between K contents ot the 8allple ~ore aDll a:tter treat• 

ment. 

J\eaulta·-'l'he amounts ot Al, Fe, and Si diaaol'YeCl b7 lo; BCl. are shown 

in table 13. 0.tmua (1956), working vith<O.~ material, obtained 

acid-dissolution cune• bJ' plotting the logaritla ot the percentage 

of the UD41•8olftd. ion nraua time. Bowner, in thi• oaae, where 

S .. ~ material vu uaed, onl7 w17 -11 amounts ot the 1ou were 

cU.aaol'Yed relatin to the total CClll.PO•ition. Thu&, the peroe11tagea 

ot. the undiaaolftd. iona ill the final reaidue were not cbange4 •1&D1-
fiC&Dtq tram the or:l.giDal. material. IJ.'heretore, the reaulta could 

not be plotted like tboee ot 0.tbaua. The Al &Dd 81 reaulta were 

•:Lmilar to thoH ob:tained b;y Gaines and Rutkov•ld. (1957). The7 
treated a aaaple ot Ruby auaco'Vite (100-200 aeah) with 0.1 ! BCJ. at 

25°c. and obtained a 81/Al ratio ot 0.30 - 0.37 up to 24 hour• treat-

ment. 

On the buis ot the limited result• obtained, it aema likeq 

that acid attack occurs primarily at the edps ot the particles, 

where the octahedral la;,er 1• exposed, and it i• this la19r vhich is 

attacked priariq. !bi• concluaion vu also reached bJ' O.thaua 

(1956). On the basis ot the coordination principles ot Pauling 

(196<>), one would expect the octahedral la,er with 6-coordination to 

be leas stable than the tetrahe4ral laJ9r with 4-coordination and, 

thua, dissolve more :rea41ly. 

The effect ot l~ BCl on the aica structure is ahoVD 1n figure 34-. 
In the period up to i. hours, a weak l.8.6 A. ape.cing vaa produced. 



TABLE 13. Bttect ot l~ BCl on dissolution ot certain elaenta am 
CBC ot Mica OR (5 - ~. 

Length ot treat- !Otal amount rw'ftld. !!iaoJ.ar) 
ment, hours Al 81 Fe f Al~- CIC 

l 

4 

8 

24 

- - - · fi·/g. - - - me./1001. me./iooe;. 
738 545 100 

1613 563 230 

3033 1100 431 

4873 l4llo 1451 

9300 5550 1831 

15940 12500 187J. 10 

0.72 
0.33 

0.35 
0.29 

0.58 
0.76 

11.5 

13.0 

11.7 

l0.7 

10.0 

10.0 



Length of 
treatment, 

hours 

l 

8 

24 

3. 3 10 o 14 7 8.o 
!!. spacing, A 

Fig. Jlt. Influence of hot l~ HCl treatment on expansion of Mica OR 
(5 - 2JU), as shown by smoothed x-ray di!fraction traces of 
Mg-aatlirated and glycerol-solvated sampleao 
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Thia •pacing vu replaced with one near 14 A. upon turther treatment. 

Despite the limited expuu1ion and lo•• ot 10 me. I/'JOO g., there vu 

no increase ill CBC (table 13). 

To evaluate the permanent ettect ot the BCl treatment on ex-

pt.naion and CZC, the BCl. .. treated aample vaa llUbJected to •-citrate 

boiling. Striking increaaes ill exganaion and CIC propertiea were 

obaerved, aa 8hovn ill tigure 35 and table 14. In tact, the ill-

creaae in CIC vaa more rapid in the BCl-treated NmPl.e than in the 

previous sample boil.eel 1D Ra-citrate (table 11). Alao the loaa ot 

IC proceeded. aore rap14l7. Apparentq the BCl treatment rmovecl 

amorpboua material, thua permitting greater reactivit7 between the 

boiling solution and mica aurtacea. The ettecti veneaa ot HCl t-lCCl 

tor 1'8IO'Ying interl&19r material vu 8hovn b7 Bich and Obenabain 

(1955). Ot great aigniticance i• the equivalence between losa ot 

K and increase in CBC (table 14). It vaa auggeatecl earlier that 

amorphous material could account tor the non-equ:1 ftlence b7 attect-

ing the weight baaia in calculation. 'fh:l.a auggeat1on aeema to be 

borne out in the canbined BCl and •-citrate treat.meta. Further-

more, it i• tempting to postulate that the rel&tionahip between JC 

loaa and CBC 1Dcreaae is atoichiometric. Jfon-equiftlence reaulta 

when impuritiea, amorphous material, etc., 'becc:lllle mi.:xed. with the 

mica, maldng it d.1.tticult to isolate the mica emponent tor preciae 

atudiea. 
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Fig. 3§. Effect of boiling !! Na-citrete on mica OR(5 - 21u) previously 
treated Vi.th lali HCl, as denoted by smoothed. x-ray dif't'raction 
traces of Mg-saturated and glyoerol-solvated samples. 
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'!ABLE 14. lttecrt ot boiling I Ba-citrate on K content and CBC ot 
Mica oa (5-2µ..) tollowine; 36-bour tree.taent with lcf BClr 

BOiling period, ' CBC pt 9 

daya JC Ra CIC I:+• loaa 
- - - - - - -me./100 g. - - - - - -

0 

3 

5 

124 6.4 10.0 --
1.02 
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Mica weathering in aoil tram Prince William Countr--Preliminary atud-

iea on a micaceoua soil material from Prince Willia County in41-

cated the occurrence of montmorilloni te. Since the ueociation ot 

montmor1llon1 te vi th auaoovi te baa been obaened. onq rareq, it 

vu felt that further at'U1117 ot thia •terial would be vortbvhile. 

Soil samples were taken tram a road.bank at the intereection ot 

roada MC8 1 and MOS 6 on the Quantico llar1ne Bue. Sampling vu 4one 

at 2 toot intenala to a depth ot l2 feet. An cnerburden, or 'cap', 

ot approximateq 2 teet ot colluvi&l material affected. the claJ' 
llilleroloQ ot the upper 4 teet ot soil. Since it would be wey 41t-

tieult to isolate the ettecta ot cla;r eluYi.ation trca the overburden 

the uner 4-toot portion vu tiareguded .. tar •• ita geneai• trca 

Jlica :la concerned.. Laborator;r weathering e.xperiaenta were conlluctecl 

on the •ter1&1 uapled. at 12 feet. This aample will be clea1gpate4 

ll:S.ca PW tor the purpoaea or thia 1nwat1gation. 

Beaulta--'rhe exchangeable baae content an4 pB w.luea tor the aoil are 

given in table 15. A wr;r low base at&tua 1• apparent, with Ca and 

Mg the onlJ" baaea present in amount• ot any conaeqmnce. 

Tbe weathering ot ll:S.ca PW aa a hlaction ot depth &DCl particle 

ai:ze 18 llhovn in figures 36, n, and 38. Mica ia pl'QlhWDt in the 

5 - ~traction, present at oDlJ' the 10· and 12-toot 4eptba 1n the 2-

o.~traction, and p:ra.ct1call.7 non-existent in the' o.~ traction. 

The weathering trend i• alao reflected. in the JC an&qua ot the mica, 

given 1n table 16. figure 36 abawa the occurrence or montmorilloa1te-

l.1ke material in the 5 - ~traction, which 1• acmewbat unusual, 



Depth, 
feet 

4 

6 

8 

10 

12 

~ I I 

. f ' ·' 14. " B.o 
~spacing, A 

Fig.]6. Variation in weathering of' 5 - 2/U fraction of' soil 
overlying Mica PW, as shown by smoothed x-ray diff'racUon 
traces of' Mg .. saturated and glycerol-solvated samples. , 
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Fig.~. Weathering sequence in 2 - 0.2JU fraction of' •oil 
-c:Jverlying Mica PW as a function ot 8.epth, as indicated 
by smoothed x-ray diffraction traces of Mg-saturated 
and gl.ycerol-solvated samples. 
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Fig. ]I. Characteriatica of< O. 2 /U t'raction of soil over-
lying Mica PW, aa indicated by amootbed x-ray dift'raction 
traces ot' Mg-aaturated and glycerol-aolvated samplea. 
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TABLE 15. Bxcb&ngeable base content and pll ftluea tor whole 8011 

Dejth, 
oftrlliy Mica PW, aa affected b1 U:th• 

li.Qii:~li base• [me .~100 g. J 
teet pll IC CB iCfi 
4 5.2 0.03 0.07 0.03 0.76 

6 5.2 0.02 0.07 o.oa 0.97 

8 5.1 0.01 o.o6 0.13 1.10 

10 5.3 0.01 o.oa o.40 i.23 

l2 5.4 0.01 0.09 0.78 1.80 
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'1'ABt.I 16. Content• ot JC and la in Mica PW and owrl.Jing soil u a 

Depth, 
function ot depth and J:rticle aize. 

rticl.e Size 
teet 5·2_.µ- 2-0.2~ • JC • 
4 o.68 17.4 0.17 7.37 0.33 8.45 0.12 5.20 

6 0.65 16.6 0.21 9.10 0.33 8.45 o.08 3.47 
8 0.89 22.8 0.28 12.l 0.34 8.70 o.oa 3.47 

10 0.95 24.3 0.22 9.55 o.44 11.3 0.15 6.50 

12 l. 0.24 10.4 l. .64 
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because the fine-grained character of' montmorilloni te uauall;y re-

strict• 1 t to the cla7-aized particle• ( L 2~. '1'he e'Y.iclence• of' 

montmorillonite are baaed primarily on x-ra;y d1t1'raet1on re1ulta 

and CBC meaaurmenta. llontaorilloni te 1• charac'terizecl by 1 ta ex-

pansion to approximatel7 18 A. when gl.ycerol-aolvatecl and b7 a CIC 

ot 100-125 me./'JJXJ g. Cl.our e»V111nation of figure 36 indicate• 

1tronSL7 that the mica weathers to montmorilloni te. At the 12-toot 

depth, mica and a wnaioulitic ccnponent (14.7 A.) preclal1nate4. Aa 

weathering inteuit7 1Dcrea1ed up to the 6-foot depth, the mica peat 

decreued. while the 14.7 A. peak shitted to 18.4 A. Very inteue 

weathering occurred at 4 feet, ae denoted b;r the cl1aappee.rance ot the 

mica peak and enhancement of the kaollni te peak. A •11111.ar trend vaa 

noted in the 2 - o.~ traction (figure 37). Buy collapse ot the 

montmor1llon1te-llke material is indicated b7 the x-ra7 dittraction 

traces 1n figure• 39 and 40. 

Perhaps a better clue to the DBgnitude ot montmorillonite ia 

given by the CIC results in table 17. The increase 1n CBC with de-

creasing particle aize 1• attributed to montmorillonite becauae the 

higbeat w.l.uea approximate tho•e tor aontmorilloni te. In the L ~ 

traction, the CBC increaaea with depth. Thia augge1ta that mont-

morill.on1 te of that tine particle aize moves down b7 elUYiation atter 

once being tol1184. 

A boiling expariment uaing K la-citrate vaa carried out on 20 --
5? a1zed uterial ot Mica ft to aee it montmorilloni te would be 

tonsed. '1'he character of' Mica PW, before and after pretreatment, 1• 



7.15 • 6 feet 

8 feet 

10 feet 

Fig. 3'• Etfect of K-aaturation and heating on 2 - 0.2/u 
fraction of soil overlying Mica PW, as denoted by 
smoothed x-ray diffraction traces. 
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6 feet 12 feet 

7.20 A. 

Fig. 4Q. Effect of K-saturation and heating on < Oo2/u traction 
of soil overlying Mica PW, as revealed. by smooth~ x-ray 
diffraction trac•s. 
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TABLE 17. Cation-exchange capaci tie1 of 111.ca PW and OftrlJing 8011 
u a tunction ot 4ep am prticl.e aise. 

4 21.2 29.4 21.4 39.1 

6 12.5 29.6 48.3 45.2 
8 u.2 40.6 40.o 49.4 

10 22.7 46.3 36.4 87.0 
12 u.2 45.0 40.4 99.0 
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ahovn in tigure 41. The ettect ot boiling• Ba-oitrate on Mica 1W -
waa eaaential 17 the ume aa that on Mica OR. A llic:a-wl'lliculi te 

intentratitioation waa again produced, •• abawn in figure 42. There 

waa a slight broadening ot the 25.2 A. peak in the 18 A. area, but 

&n7 evidence ot montmor1Uon1 te vu not clear-cut. It 1• intereat• 

1ng to note the appearance ot the 14.2 A. Q&Cing after 4 da19 

treatment and it• 41aappearance atter 8 4a71 treatment. Apparently 

the vemiculite reftrted. to mica.. The boiling auapenaion vu al• 

lowed to cool betore removing the sample and thia period ot time 

•7 haw been autticientq long to allow IC to re-eater the cryatal. 

'l'he llllall amount ot IC naoved. after 4 daJ1I auggeata that tbia u7 

have occurred (table 18). Weaver (1958) noted. that there ia aut-

t1c1ent K in aee. ater to reenter montmorillonite am accaapllah 

contraction. He reached tbia conclusion b7 placing 1 g. ot aont-

morillonite in l gallon ot aea water and. ahaldng the &WIJenaion 

m114l7 tor 10 da19. Collap.e ot the expmde4 OCllpOll9DU produced. 

upon boil1Dg 1• ahovn in figure 43. 

The 14.2 A. ocapomnt apparently vaa the main 80Ul'C9 ot CIC, 

bec:aue the CIC increaae4 up through the 4-4&7 treatment, then de· 

creued. abarpq tbrougb. 8 4a79 (table l8). A perplexillg obaracter• 

iatic ot the llioa-wmicul.1 te intermediate (12 .2 A. ) 1• 1 ta w-q 

l.ov CIC. When the 14.2 A. :pbue vu r.owd, the CIC decreued 

aharpq, d.eapite the tact that the 12.2 A. pae vu w17 prcaiDeDt. 

The CBC waa checka4 indirectl7 b7 aaturating one JOrtion ot the 

boiled umple vi th ea++-and another portion vi th xt then 4etemining 
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Fig. Jal. Smoothed x-ray diffraction traces of Mica PW(20 • 5/u), 
showing etlect of' NaOH treatment and free Fe-oxide removal. 
Inset shows (o6o) spacing. 
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Fig. "2. Expansion of Mica PW(20 - 5/u) as a result of 
boiling !! Na-oitn.te treat.ment, as shown by smoothed. 
x-ray diffraction traces of Mg-saturated. and glycerol· 
solvated samples. 



Boiling period, CIC~ 
dap K • IC+• CBC x+••• 

TABLE 18. Ettect ot boiling R lla•citrate on X and 1la COD'tellta and. 
CIC ot Mica PW(20-~µ.:). 

- - - - - - - - - - .... 7100 g. - - - ~ 

0 136 49.8 186 11.2 .... 
2 112 50.2 162 23.2 0.50 

4 101 48.8 150 30.5 0.54 

6 101 46.5 148 l.6.6 0.14 

8 96.8 43.4 14o l.6.2 0.12 



lO.O A. 

4 days 8 days 

Fig. i.). Effect ot K-saturation and heating on Mica PW 
(20 - 5/u) following !. Na-citrate boiling treatment, 
as indicated by smoothed x-ray dittraetion traces. 
(Tops of 10 A. peaks 0011 t ted due to the1 r high intensity. ) 
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JC in each portion. The aaounta ot K in each Ample vere 96.8 me./lOOg. 

and 113.8 'lllll./100 g., reepectivel7. The cUtterence, or CBC, vae 17.0 

n,/100 g,, which asree• cloeel7 with the 16.5 me. CBC/loo g. obtaine4 

b7 the ueual procedure. Another significant reault of thie cletenaiD&• 

tion vae the reduction in charge ot the mioa u a result of the boil-

ing •-citrate treatment. Aaa\llling that X waa aorbed on all the ex-

change epota, the total X in the K-aaturate4 uaple ahoulcJ. approximate 

the origtnal. total charge ot the mica. However, onl7 113.8 me./lOOg. 

was measured in the K•aaturatecl sample contruted vith an initial X 

• content ot l.86 me./l.00 g. Tb1a 1n41oatea that sane mecbania neu-

tralized the charge v1th1n the mineral, eince the 'blooldng' mecbani.• 

aboulcJ. be inoperatift in boiling •..citrate. Tbeae reaul.ta alao •ua• 
geat that expmaion oan occur without an 1ncreue in CBC, and that 

interlaJer cbarp •7 not be the moat iaportant factor in expmaion 

ot thne•la19r •111catee. Thi• opinion ia held b7 Jonaa &Dd Roberaon 

(1960). 

A puzzling obaenation vu the veatberiag ot Mica PW to JDODt• 

morillonite, vhereu tbe other 111.ou studied a--..d. to ,,_ther to 

wnaiculite. ( It ehoul4 be pointed out that the line ot clemaraat1on 

between montmorillonite and wnaiculite •7 be quite •sue· !he tenaa 

u used here are baaed on clegree ot expuiaion onq). One tactor 1n-

tluenc1ng th1e kind ot watbering could be the ccmpo9ition ot the 

original 111.oa. It waa suggeated that Mica PW ooul4 be phlogopite, a 

trioctahedral mica COJrta1n1Ds Ng and a CQllDOD 80\IZ'Ce of montaorillo• 

Di te. Bovewr, chemical anal.Jai• ot the 111.ca abovecl a Ilg oontent ot 

on1J o.oJt.j, am the mca vu det1Di.tel.7 41.octabednl (figure 41). 



125 

These propertie• vould aeem. to preclude the poaaibility ~ phlogopite 

being present. :Despite these tacts, the higher amount ot Mg relat1 'ft 

to the other exchangeable bases in the soil (table 15) voul4 .... to 

indicate mineral source ot Mg. It ia posaible that the orig1nal 

mica contained both phlogopite and muacoYite, with the phlogopite 

weathering out and lea'Ying the muscovite mica :relic. Yod.er (1959) 

obaened a mixed l.a;yering ot phlogop1 te and muaoovi te, but :pointed 

out that no c:ont1nuoua aolid aolut1on aeries ex1ata between a 

dioctahedral and a trioctahedral mica. Another :poaaibili t7 might 

be that the mica contained acne Mg ewn though it is dioctabedral. 

Yoder (1959) atatecl tbat •lightly more tbaD tvo-thirda ot the octa-

hedral aitea in muaco'Yi.te may be tilled. In other vorda, muacovitea 

aa a group need not be exacti,. dioctabedral but •7 haw eaae tri• 

octabedl'al character that is difficult to detect (Yoder, 1959). 

This latter tact ma7 be important since the JreMDCe ~ additional 

1ou in the octabedral la19r vould reduce the charge on the tetra-

bedral la19ra, and thua pend t expansion more reaclily. 

Another intereating obaervation, which probabq is asaociated 

with the montmorillonite occurrence, vu the eaae of weathering ~ 

IU.ca PW u CClllP&recl to the other miou. Thia was 'ftrJ ol:>Tioua in 

the la-citrate boiling treatment of the 20 • ¥traction. After 

only 2 da79, conaiderable expe.naion vu obaenecl. Several tactors 

are poatulated. tor the eaa7 weathering. The Mica PW -.7 baw a low 

charge or the -t ot charge •7 be in the octabe4ral 1.aJwr rather 

than the tetrabedral l&Jer. Perhaps part ~ the mica 1a more ve&• 

therable than another part. Thia would occur it sane ot the mica 



were pbl.ogopite-like, as waa suggeated earlier. 

Other laboraton treatmenta-..other methoda ot artiticial v.theriDg 

vere attaapted., but experimental 41tt1cultiea preftllted the collection 

ot ftlid data. h;perimenta vith aodiia tetr&pbeJl1'lboron (..rh4B) were 

tried, 1n vhich K vu precipitated as 1Ph4B. D1.tticult7 vu en-

countered when the precipitated Ba and X: were brought into solution 

tor meaaurement vi th the flame pbotcaeter. So41m vu present in 

euah great exce•• that its strong background ••ked. the K aiaaion. 

Gravimetric detenainat:l.on on the precipitate vu not attcpted due 

to the 4itticult7 o:t 41at1Dguiahing 1Ph4B trm llal't\B, both ot vbich 

are higbl.7 iuoluble. 

LeacMng exper.tmenta with 002-oharged. water, aimilar to the 

experiments ot Dek.eJHr (1956), were attempted. Among the problma 

encountered vere tlov-rate control and 002 loss trm the aoluticm be· 

tore reaction vi th the 1ample. The reaction al.ao proceed.a W'rT 



DISCUSSIOI' 

Alteration ot Dioc:tahedral Niau 

The proceaH• bJ' which micas are broken clown during watbering 

have long been a aubJect of SJ>eculation. Ol4er hnotbeHa aaamed 

hJdrol.Jai• ot allllino•ilicates with the to111&t1on ot colloidal a1l1cic 

acid aDi al'lllinla b.Jdroxide 1 Which later reacted. to g1 Te cla7 lliDerala • 

Bovewr, it 1• now known that acne micas may not undergo ccnpl.ete 

breakdown ot the lattice during weathering. The7 ma7 alter directl7 

to clay miDerala bJ' ionic 8Ubatitution ot 1t"f; or other cationa in the 

normal poe1 ti.on ot JC+. The orig:l.nal sheet atructure 1• maintained. 

Bevertheleaa, the aechaniaa ot ionic substitution and its coue-

quencea are not well UDdentood. 

9cmp!riaon ot soil mica• v1 th muscon te--The preceding da-1;& need. more 

substantiation, but a n\lllber ot relations are apparent and. aaae in-

tereating aptculationa can be made. On the basis ot both natural and 

artificial weathering results, it .... apparent that muaconte-tne 

micae toUDd in ao1la are quite d.itterent tran the apecimen-tne mus-

cov1. tea obtainable tra mineral auppl1 houaea. Thia d.itterence like-

17 ia important in mica weathering studies, which heretofore baw 

been conducted primariq on the apeeiaen-tne 11uscov1 tea. 'l'he altera-

tion and exparaaion cbaracteriatica ot the soil llicaa lJIOn boiling 

treatment dittered traa those ot a vell-Cl'J'lltallized Ontario muaco-

TI.te in that the Clntario muscovite waa attectecl on17 alightl)' b7 

boiling treatments (Rich, unpublished. date). The L111>3 treatment 

aeae4 eapeciall.J illustrative ot the tact that the micaa are dit• 
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terent. The Ontario muacovite exhibited. the montmorillonite-11.ke 

property of ex.panaion to ""'18 A. when treated. with L1B>3, vbereae the 

Loudoun pqllite expanded like vel1Diculite to 14.7 A. Thia vel'llicu... 

lite-like product vaa tormed by the •Cl, ~' &Dd •·citrate boil• 

1ng treatment• and reamabled the naturally-occurring vel1Diculite-

like product in aoila. The tact that the Ontario muscovite ex-

panded to 18 A. i• intereating traa the atandpoiDt ot detem1ning 

the alteration product ot muscovite-type micaa. The occurrence ot 

montmorilloni te-like material 1D Mica PW would aes to indicate that 

muscovite may alter to montmorillonite. Perhaps it ia difficult tor 

muscovite-like micae in aoila to expand to 18 A. due to releaae ot 

Al trm it• original. aitea and subsequent fixation 1n interlayer 

positions. Thia fixed Al inhibits expmaion bqond about 14 A., 

and thus glvea the e.xp.nded clay mineral formed a 'YUllliculitic ap-

pearance. In trioctahed.ral micas 1 which contain Pe &rJ4/ or Mg, thia 

tne ot fimtion does not occur during acidic weathering. ll&gnea-

i1111 remaina in ionic torm, vhereaa Fe torma iuoluble aanpounda. 

Therefore, the presence ot Al 1n dioctabedral micas •y be a w17 

important factor in diatinguiabing the weathering ot dioctaheclral 

micas tran that or trioctaheclral micas. 

Several poaaibilitiea may account tor the ditterenee• observed.. 

1be micas studied in thi• in'Yeatigation origlnated in meta-aedimenta, 

where more ionic aubatitution has occurred than in igneous roeks. 

Thia greeter substitution vould lead to a lea• stable mica tban one 

found in an igneous enviroment. · Another factor iaportant in mica 



alteration ia the amount of negatiw charge orig:lnating in the •ill• 

cate la;yera because of substitution and "Vaeanciea in the tetrabedral 

and octahedral poai tiona. It thia charge is low 1 there are fever JC+ 

iona than there are positiona in the interaillcate la19r. Thia would 

+ give rise to a greater mobility of K iona and.1 hence, greater aua-

ceptibillt7 to alteration. Thus, the greater ionic aubatitution in 

aoil micas may g1 ve riee to lover-charged micaa than the apeciMn 

tne•. The veaker atabill ty ot the aoil mica• also could be attri-

buted. to the preaenoe of iona other tban K+ in the 1nterla)'8r poai• 

tion. It vu found in tbia atud7 that • + ma1 pro:iq for x:+ to a 

large extent, and this aubatitution ma1 attect appreciabq the struc-

tural relationships of the micas. A later discussion is concerned 

with the •-K aubatitution and sane of its oonaequencea. 

Kuacovite•wrmicullte alteration-· The reaulta obtained tram both 

natural and artificial weathering collditiona suggest atl'Oll.8l1 tbat an 

expanded cla:y mineral ot tbe wrmicullte-tJPt can tom b1 alteration 

ot muacon te-tJPe llica. The fonation of vermiculite tram triocta-

heclral 1111.aaa baa been ahovn to occur in areas where trioctahedral 

micaa can ex:l.at, ~ the alkaline aoil condition• in certain areaa 

ot the western Unitecl States. However, the micas studied in this 

inveatigation detiD1tel7 were dioctaheclral1 aa 1n41.cated. b7 the (o6o) 

reflections. 

An intereating obaenation reaulting traa the boiling treatment• 

was the regular interatratification of mica and ve:maicull te. Tbe 

reaaon tor thia •7 'be attributable to the al atructure ot tbe llicaa. 
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In the 2M structure, the unit cell conaiata of a "packet" of two 

mica la,era. Since the bond strength between the iDdi vi.dual la79ra 

probably ia different fl"Clll the bond atrength between the two-layer 

repeating lmita, it i• l1kel7 that a plane of weakne•• occura regu-

larl7 between alternate layers. Aa a result of expanaion of •ch 

alternate la79r, the tvo•la79r "packet" exhibits a apa.cing larger 

than the original mica lmit cell. 

Perhaps tbia 1• an indication of the manner of alteration of 

muacovite-tne Idea to vemiculite. It it is, it should be helpful 

in UDderat&nding bow dioctahedral mica• weather to wmiculite. A 

dioctahedral mica to ftl'lliculite transition baa been proposed onl7 

in recent J9&r8 (ct., Literature ~view). Pre't'ioua thought on the 

aubJect was that trioctahecl.ral 111.caa tend to gift a 14 A. mineral 

but that alteration of d1octahedral micas 11JA7 not •bow well-defined 

8tep8 (lfacEvan I 1949) • 

Kuaco'Vi.te•k.aolinite alteration--It waa obael"ftd that kaolinite was 

alva19 present with the ft:raiculite under natural weathering con-

ditions. In tact, kaolinite often appeared bet'ore the vermiculite, 

indicating that it i• one of the earq weathering product• of 

muscovite. Thia observation ia in keeping with that of Sand (1956), 
who noted that prima17 muscovite alwa19 altered to kaolinite in mica 

deposits. Be attributed the alteration to "ccmpoaitioual and struc-

tural control illpoaecl by the mica", but did not elaborate on the 

aecbania of tranaf er ot Si and Al frcm a three-la,er structure to 

a tvo•la19r atructure. Perhaps more pertinent to tbia inveatiga-
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tion i• the occurrence of kaolinite rather than w:rmiculite in the 

C horizon ot a Ha79av1lle soil (Dr. R.J. McCracken, penonal cm-

aunication)1. Tbeae tindinga auggeat that kaolinite 1• the natural 

weathering product of vell-ceyatallized muscovite and that wnd.-

culite may be aaaociated with amaller particle aize of the aica. 

Bate• (1960) pointed out that dewlo}aent of a mica int.mediate 1• 

neceaaaey tor the tomation ot kaolinite frca tel.dapu-. Be obMrved 

in Hawaii the conwnion ot a glbbaite-rich zone to a material rich 

in bal.lo7111 te. Thi• conwnion took place in the abHnce of mica. 

Since K i• required. tor denlopaent of the Jlica inte:rmediate, 1 t 

.._. loglcal to aeeooiate kaolinite with the preaence ot K in the 

teldapar to mueconte alteration. 

Although the mchani• inwlved. in the auacovite to kaolin1te 

alteration cannot be defined apeciticallJ', it .._. that acme general 

etatmenta cu. be ma4e. The neceaeit7 ot a plat7 progenitor, auco-

nte or tine K-mica, euggeeta that kaolinite needa the buic la79r-

•ilicate atructure tor 1 ta formation. The hexagonal. network ot 

ailica tetrahedra apparentq permit• a CClllplete replaetaent ot the 

vacant apical o·- poai tiona by Cll9 to g1 ft a kaolin Cl'J'llt&l atruc-

ture. It might be that the la,er silicate network acts as a f'rame· 

work, on which 81-0 and Al-oJI groups reCCllbine trm aolution. 

1 Personal camunication between Dr. R.J. McCracken, Korth Carolina 
State College, and. Dr. C.I. Rich, Virglnia Polytechnic Institute. 
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In acid conditions, the tetrahedral la19r llhould be more 

•table than the octabedral la;yer due to the hisb inaolubil1t7 ot 

eilica 1D acid media. A regrouping ot the trapenta ot the tetra-

hedral la,er could lead to the formation ot kaol1n1 te. A •11111.ar 

ao4e ot tomation ot the kaolinite sheet •tructure vaa auggeated 

b7 Devore (1959). 

An 1ntereat1ng idea on kaoJtnite tormation waa propoaecl bJ' 

Tamura am. Jaek8on (1953), who visualized al.lophane, an aorphoua 

mineral, aa an intermediate product 1D the llioa to lmol1n1te trana-

i tion. 'rhi• idea 1• ot intere•t a1Dce aaorphoua material appsrentl.J' 

vaa preaent 1n the .oil mica• •tud1e4. 

Ettect ot •rtiticial weathering on !bare rel!tioubipa in mie--

One ot the moat •triking reaults of the inwatigation vaa the atoi• 

chic:met17 obaened between IC and • loaa am. CIC gain of the Mica 

OR when it was boiled in •-citrate tolloving HCl. treatment. Al· 

though more into:rmation is needed on this point, the re•ulta •em 

•u:ttieient to require reconaideration of the apparent decrea•• 1D 

charge ot dioctahedral llicu during veatherillg. It might well be 

that the relationahip between CEC inoreue and JC (or other aub-

•ti tuted iona) loaa 1• a atoichimetric one. Dlttioultiea ariae 

when materiala extraneoua to the mica enter the 179taa and produce 

non-1toich1caet17 br neutralizing the charge in a nonexchangeable 

-.zmer or cbangj ng tlMt weight baaia ot calculation. 
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The abow example point• out one ot the main probl.au in •tud.7• 

ing mineral weathering in aoil.11. The aoil ayate 1• auch a ccaplex 

one that it i• d.itticult, it not impoaaible, to relate vbat ia pre•-

ent in aoila now to Vbat the original parent rook vu thought to be 

prior to undergoing veatheri.Dg. The approach to auch a probl• ia 

uauall7 -4e through an interpretation of total chem1.cal anal.)'8ea, 

but there are aewral criticiaa to thi• appnach when it 1• uaecl 

alone. '.l'here 1• the que•tion ot bow to allocate elaental per-

centage• to the 'fU'loua mineral ccaponenta, to allow tor eleenta 

removed through d.is.olution, am to account tor the ettect• ot new 

mineral.a that are tomed upon weathering ot the origiDal mineral.a. 
' 

'l'hrougb Y&rioua treatments, such •• those UHcl 1n this study, a 

J10nani neralic 8Jec1aen ma7 be obtained, but 1 t 1• d.oubttul that it 

i• an exact replica ot the mineral in it• original atate. 

OcmJ!!ri80D of artit1c1al veatheriy •tboda·-l>ue to the tact that the 

aource •terial vaa not the same tor all the w.rtoua treatment• uae4 

in this inveatigation, a ccapu1.aon of tbe d.itterent aetboda ma7 not 

be meaningful. Bovewr, it is telt tbat aeftral general atat.menta 

can be made relatiw to tbe greater ettectivene•• of certain treat-

ments over otmra. In general, the boiling treatment• produced great-

er alteration the higher the aolution to aaple ratio. 'l'hua, more 

draatic change• can be obaenecl b7 empl.oJi.ng mall ( ..-v 20 ag. ) Maple• 

in large volme• ot •olution. 

The boiling NaCl aalt aolution aore etteotiwq replaced JC than 

tid •-citrate. Thi• i• believed. to be due to the greater degree of 
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ionization of the aalt and., hence, greater ionic •trength of Ba~ 

Sodillll-citrate i• adftntageoua owr •Cl, though, in that citrate 

ccmplexes Al and Fe. 'l'h1s characteristic ot Ba-citrate make• it 

a better reactant trca the standpoint ot CIC •tudies. Thi• i• 

sbown in the reault8 o'f aewral boiling exptrimenta (table• u, 
12, and 14). Al\lllinm ie ccaaplex.ed b7 •-citrate; therefore, a 

greater 1ncreaae in CIC occurred fol.loving •-citrate treatments 

than with acid. tnataents. But vhereaa the acid. treataente in• 

crea•ed the CIC !!E. ~ tban it decreased. the JC and. • contents, 

the la-citrate treatment increuecl the CIC abcmt the amounts ot X 

and Ba releaaed. Thi• latter di•crepm07 va• accounted tor on the 

baaia ot amorphous Mterial being raoved during the boiling period. 

It is l1kel7 that much of the amorpbowa •terial ia mixed with the 

mica and ia replaced. with 4itticul.t7. Apparentq the briet (26-.min• 

utea) llaOB pretreatment does not remoft all the uaorphoua •terial, 

but the prolonged boiling in Ila-citrate cloea remove it. 

Fran the standpoint of ionization, one 111.gb.t conclude that 

RCl should be aore ettectift in weathering tbaD ROAc. Bovewr, due 

to its greater ionization, JlCl ia a strong unbutte1'9d acid. Aa a 

result, the structure of the mineral ia attacked. rather tban •ub· 
ati tution of iDterla,er ions tald ng place. 'l'bia vaa exmplitied. in 

the l~ BCl treatment ot Mica OR • 

.A critici• ot all the •thoda -.pio,.4 could be that thq are 

not repreaentati w ot natural weathering cond1 tiona 1D soila. Bow· 

ever, the tact that the product• tomecl l>7 the artificial trea1aente 



135 

are a1m1lar to the natural weathering product• tol'lled in aoila •ua• 
geata that the mecban1• ot mica alteration vaa tbe aame. 1'hia 

point• out the tact that the approach to a given problem muat not 

alva79 be a direct approach 1n order to give ~tul information. 

Mechani_. ot aica watber1y--J'1na117, acme apeculationa will be 

made regarding the aecha.nia initiating mica alteration 1n aoila. 

!he aecb&Di• re•pouibl.e tor the initial penetration ot the mica 

interla19ra 1• clitticult to enviaage tna the et&ndpoint ot rela-

tive aizes ot the interla19r apace and the penetrating iona. !be 

!:_•ap&cing ot muaoovite ia 9.94 A. U the la,en are caapletel;r 

cloaed, aa 1n the caae ot ~ll1te, the !:_•qacing 1• 9.30 A. 

The ditterence, 0.64 A., ia approximateq the distance between la;r• 

en in auacovi te. It 1• readiq ... n that thia apace vill not per-

ai t ent1"7 ot &l1J' ot the cc:amon cationa or 120. The ODl7 poaaible 

ion tbat could penetrate into the -u interlflo,er apace voul4 be 

the B+ ion, but ita occurrence 1• doubtful. !be B + ion baa UDique 

propertiea. It conaiata of a charged nucleua, the proton, which bu 

no orbital electrona aaaociated with it am ao 1• e~ -u. 
It acta rather like a dimenaionlea• center ot poa1 ti Ye charge. In 

+ an ac14 solution, the funde•ental ion 1• ~O , vbich is a1ailar in 

size to the ¥molecule (Pimentel and McClellan, 1960). Perhaps, 

then, the tint atep in 111.ca weathering is not that ot ion entr;r 'be· 

tween the mica la19ra, but ia acme precuno17 action which nta the 

atage tor ionic aubatitution. One poaaibilit;y might be the attack 

ot acid.a on t!le al\111.noailicate traaevork. It will be recalled that 



the l~ BCJ. treatment rao'V8d onq a wey mnall amount ot JC (10 •· 

/100 g.), ,..t there va• ertdence ot alteration ot the mica atructure. 

The alteration probabq re•ulted hom change• in the octabeclral 

la79r, aince it 1• attacked tirat b7 acidic aolutiou. It the ecl&e• 

ot the octahedral laJ9r are attackecl tirat, it aeeaa poaaible that 

4.iaaolution ot the edge• ot the octahed.ral la79ra voul4 rmove the 

'UDderp:I m:I nga. trca the llica atructure am allov the tetrahedral 

la19re to bend •lightq toward each other. Thi• would pel'llit cations 

and "2_0 molecule• to enter and 1D1.tiate •JCPU18ion. Once the initial 

penetration baa been made and atreaa placed on the 1Dterla19r aur-

tacea, it woul.4 be expected. that weathering voul4 proceecl more rap-

1417. After the 1n1 tial entey, aaalaing that llicu are •XJO•ecl to 

acidic aqueoua aolutiona during aoil tomation, it ia poa•ible tor 

the a3o +-ion to enter between the laJ9ra, replacing JC+ i~. Thia 

replacsent ot JC produce• a atrong acid, ccap&rable in strength to 

perchloric acid (Pauling, 1960). Aa JC+ ions are releued., the 

torcea boW.ng the la19ra together are veakene4, the internal. aur-

tace between la79ra beccme• acceaaible to iona trca the aoil 901.u-

tion, and the CBC increaaea. It ahoul4 be pointed out, bonwr, 

that a B + - or a3o t. eaturated cla7 mineral ia unatable and re-

mains B t- -aaturatecl onl.J' tor a short tiae due to the hJdrol.Jai• 

ot Alt-++ in the mineral (Coi.an and Bar.ward, 1953). 'the }Qdroq· 

aia reaction producea Al~ groupa, which •7 be 4Hcribed b7 
3•n the general formula, Al(Cll)n • Ot great imJortaDce 1• the tact 

that the Al·hJdroq groupa are poaitiwlJ" charged and. thua can 
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satiai'J' the nepti ft charge developed. when the JC+ ione are rel.ea8e4. 

Jlovever, when polJ118r1zed, these groupa are non-exchNlgeable and, 

u a result, produce an apparent d.ecreaae in CIC. The poaaible role 

ot other 1ona 1boul.4 not be und.ereat1mate4. In ad.ditioa to Al+++ and. 

+-•30 in an acidic aol.ution, Pe ma7 influence weathering a1gn1.ttcantq 

thro'Ulh ita oxidation. Potaaaim and • + ioaa reluae4 trca mica alao 

are rate-detemin1ng tacton, no cloubt. 

Examination ot the nature ot the mioa structure baa re~ 

certain properties that _., intlmnce the im.tial weathering mecba-

Di•. Macroacopicall.71 aicaa exhibit mooth, eftll cleavage aurtacea 

and they are uamed. pneral.17 to have tn irregul.ari tiea along the 

clea'V&ge plane. Jfoveftr, !olanaq (1945) abovecl that the aurtaca ot 

a Iii.ca abeet ia nolentl7 contorted and croaaed b7 cleaftp atepa, 

the heights ot which appeared to be aultiplea ot the g_-apacing. 

Wth and Yoder (1956) ausgeated. that in auaconte the llheeta ot te-

traheclra collapse about the w.aant octabe4ral. aitea and, aa a reault, 

the cleawge aurtacea appear buckled. It waa their new that tbe in· 

terred distortion give• a cl1nct linkage between the upper and lover 

aurtacea ot each llica la19r. U their new 1• correct, then 1 t ..... 

plauaible that certain atreaaea would exiat 1D the clioctabedral mica 

structure because ot the ditterent energies ot bond. control. Thua, 

u aechald.eal breakage occurred., or chemical wathering took place 

around the edges, the bond control ma7 sbitt and. cause other d.1•· 
tortiona ot the mica aurtacea. Once there i• a 41atortion ot au:t-
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ticient -.gnitude to pemit ent17 of oationa and H2o, weathering b7 

ionic aubatitution coul4 proceed aa prntouaq 4eacr1be4. 

Ooexiatent Soclim.-Potaaaim Ml.ca 

!be occurrence ot the •cca, pe.ngonite, 1D 1Dtima'8 aaaocia-

tion with the K-mica, auaoovi:te, ia belieftd to be an important timl· 

ing. !o the writer'• knowledge, :paragonite in Virginia baa been re• 

ported OllJ.7 once prev1.ouaq (Dietrich, 1956). !he •teriala atudied 

bJ' Dietrich vere deaipated aa Wiaaabickon on tbe Geologic Map ot 

Virginia (Stoae, 1928), the aame 4ea1guat1on giftll the •terial de-

noted u Candler pqlli te 1n tbia at\117. lot onlJ' ia the tact ot 1 ta 

occurrence aigniticazrt, hoveftr, but tbe implioatiou reprding the 

role ot paragonite in aoil geneaia are aigniticant also. 

!he relativeq conatant l:l ratio ot • and I: in the pbJ'llitea 

and aoila imlicate that auacov1.te and paragonite weather at a1111lar 

rat••· The interesting queation arises u to the manner ot mixlng 

ot the two micaa that can ac"°unt tor thi• obaenatioa. The x-ra7 

dittraction reaulta auggest a randm. llixing ot paragaaite and aU8-

cov1te. Tbe (002) •:pacing ot 9.60 A. ia iDtemecliate between the 

aU8cov1.te (lO.O A.) and paragonite (9.6o A.) apacinga, and the high• 

er ordera are non-integral. with respect to the (002) a:pacing. It 

ia believed. that the 2M atack1.ng aequence 1• ot parmnount impor-

tance and C&DDOt be owreapbaa1zed with reapect to the w.,. altera• 

tion occura. It weathering proceeda taster between tvo•la,er 

•pac:keta• than between 1.Ddivid.ml llica la,en, aa auggeated in the 



139 

earlier diacuaaion, then one voul4 ell;peet a •atnpping• ot alternate 

la19ra, vhich voul4 reault, on the average, in equ1 •lent amo\lllta ot 

JC and • being zemoved. 

An 1Dd1cation of the extent of aolid aolution 11&7 be ucer-

tained trca the degree ot ahitt 1n the !o8P&ciDP ot tbe two lliDeral.8 

vhan the7 exiat in 80l14 solution (Bugater an4 Yoder, 1955). SiDoe 

the llh1tt in s.·apacd.nga vu negligible, it ,... concluded. that ODl7 
a ve17 mall amount of Mlld aolution exi•ted. within each pbue. 

!hi• 1• ill •&J••eut vith tbe tiDdinga ot .lupter and Yoder (in Abel ... 

80ll, 1955), who ob•ervecl the -lle•t extent ot aol14 •olution 1n 

t1De·sra1ne4 llicaceoua »b7ll1 tee than in all other tne• ot roc:u 

exa'Md that contained. auacorlte-pe.ragonite 111Xture8. Evidentq, 

then, auaco'Ylte and puoagonite occurred pr1mariq u a •cbanical 

llixture, but thq coul.4 be 111-4 so intimate~ that Mp&r&tion on the 

ba•1• ot mall difference• ill denaity 1• tapoaaible. 

The etteot ot the difference in ionic aiua ot Ila and JC 1• 

retlecte4 in the~ lattice puaaeter forauaoo'Ylte and pe.ragonite. 

1'he difference 111 !••pcing, o.~ A., 1• ot ~ order ot magnitu4e 

tbat voul4 be expected trm conaid.eration ot tbe ionie radiua ot Ba+ 

(0.97 A.) veraua that ot 1:+(1.33 A.). Tbe !o &Del !!o J&l'81M'tera 

are unaffected; thua, the onq baaic atruotural ditterence between 

puoagonite an4 auaco'Ylte 11 the geaaetric CODtiguration ot the inter• 

la,er cation and aurro\IDding anions. Aa a reault, the prime factor 

govern1Dg the rate• ot weathering in auaccn1.te and puoagom.te ahoul.4 

be the relatlw eaae with vhich the la19n contracted around the 1la + 
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and. I:+ iODS can be upmled.. 

In 11441tion to the •1•1l•r1ty in rate• of veatber1Dg ot llUMO• 

'Yite and. paragonite 1n the rocka and aoila •tudied.1 the k1D4 ot wa-

thering ot the tvo mica• appears to be •:bdlar. !ld.• coneluaion i• 

48d.uce4 trm the uature ot one ot the weathering prod.uet,, wm1oul1te, 

vbich bu the ... cbaraoter1•tica vbether tomecl trca a x-• Id.ca 

or a preclcll1nantq K-ld.ca. Aa x+ aD4 •+ an relea8ed trca their 

fixed 1nterlaJ9r poa1 tiou aD4 made exebanpable, om 8houl4 eqect 

the •·wmiculite to be more • .,,,..._ th&D l:·nmleulite due to dit• 

tereneea in the ~ted. ebaracter ot the tvo iom. Botmam !1 ~· 
(1956) obaern4 that •·wmiculite upmled. w 11&..9 A. wben ~o wa 

adde41 vhereu IC•ftmicul.1te in '2_0 had. onq a 10 .... A. Q&oiq. hr· 

bap11 tbe intimate mixing ot the two Id.cu 1Db1bita the iDd.epelJd.ent 

action of • and. I: I C&U81Dg the whole qat8 to behaft U if it 

vere JC-wmieul.i te. Purthemore 1 upon wathering, ~ mica 1• DO 

longer •trictl.7 JC-or •· mica, but an Al+++, J;i(Oll)n -nJ., X, • 

mica. 

lxcel.lent work on the oeeurrenae and fiel4 relatiou ot :par&• 

gon1 te and. the auaacm. te-JMU"&80Di te Join baa 'been done at the Geo· 

phJa1cal I.aborato17 ot the Carnegie Iuti tution ot W&ab1Dgton b7 

Dr. 1.8. Yoder and. Dr. H.P. Bupter. Reference will be made to their 

equ111br1\lll diagna, reproduoed a• figure 44, in di•cua•ing the 

interrelat1onahip11 betwen J&ragozd.te an4 aU8co'Yi te. It i• rea4117 

Hen that tvo pbue• ot aolld aolution •x1•t, D8Mq1 paragonite 1D 

mU8co'Yi te, and aU8ear1 te in paragon1 te. The Mx1ma amount ot aol14 
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solution i• verr 11111 te4 vi thin each phase, onl7 about 20 mol per 

cent at the higbe•t temperature. !hi• 1• turtber indication that the 

micas atudied are ••••ntial.l.7 mixture• ot the tvo pbue• ot •0114 

110lut1on, vbiah conai•t pr1mar1J.7 ot muacoYi te and paragon1 te, re-

qeotiw17. 

Beterrina to figure 44 &pin, it can be d.ed.uoed trca the JM>•1-

t1on ot the cletendnecl JM>inta that a mixture ot paragouite and auaco-

Yite breaks clown at a •llshtl.7 lover tmrptrature than a pure muaco• 

Yite. Al.though the tcperaturea of concern 1D aoila are •uch lea• 

tbaD the deCCm1J081 tion t.perature 1 one •'1 uw t1"clD the cliagrua 

tbat the ad4it1on ot • to awacovi'te decrease• the atab1llt7 ot mus-

coYite. As indicated earlier, the Ba -t-1on(o.97 A.) 1• COll81derabq 

PPll•r than the JC+ ion (1.33 A.). It 1• apparent, theretore, that 

1D the 110lld 110lution ccmaiaU.mg primarlq ot JC, Kwa• the Ra+- iou 

could o•cillate more euiq than the x+ iou am, hence, could ex-

cbange more read.117. Such a mica would be weathered easier than 

either pure musaoYite or paragoaite. Moreover, it 1• llkel.7 tbat tbe 

predclld.nantl.J' paragord. te phase ot aolid aolution, ~, would weather 

more eaaiq than •1 ti:a.r pure muacovi te or paragon1 te becauae auch a 

mica k under a •train to expmcl to a x'ta1ze 1Dterla19r and 1D doing 

ao, the Ila+ would. be more ••117 z ea<mtd. In both cue• X. &114 ~, 

aa aoon aa the Bat-begiu to ccae out, there 1• more expmaion and IC -f-

alao 1• exchanged. 

It i• w17 probable that the mixed. oanpoaition ot the aicaa ac-

count• for their rapid alteration 1D the laborato17 boiling expert• 



menta, vhereaa apecimen-t;ne muscovite• were hisbJ.7 rea1atant to auch 

treatments. •'ftrtbeleaa, the atabil1t7 ot the lfa·lCmica apparentl.J' 

1• w17 high. !hi• 1• 1Dd.icated b7 ita peraiatence in the aurtace 

borizcma of soils deapite the tact that weathering force• haw been 

in action tor millions ot J9&ra. 

It 1• a moot point whether the preaence ot paragoni te in Jlica• 

ceoua soil parent •terial Juat1tiea a reclaaaitication ot the aoila 

owrl.Jing it. The llicu in the Piedmont ana haft alva.19 been COD• 

aidered. to be JC41cu onl7. Nan7 studies (!:.I,:.. Beitmeier ~ !!•i 
1951) haw 1Dd.icated. w.r,y.lng degree• ot a'W&ilabil1t7 to plants ot 

JC releaaecl trm mica 4ur1.Jlg weathering. Bovewr, Ila -7 not be 

uaed b7 plants in the .... vay aa K. Thua, trca an inharent tertil· 

it7 standpoint, aoila dewloped traa paragonite or paragcmite-

auaOOTi te mixture• _,. be quite different traa tboae dewl.oJed trca 

llWJCO'Vi te. 



One ot tlw purpoaea ot tb1• 1nwat1gat1on vaa to ex-1ne the 

anarent non-•toichimetric relat1onah1p between lo•• ot JC and in· 

creaae 1D CIC of dioctaheclral micu during weathering. The problem 

vu approached traa the atampoint ot artiticial.17 watbering :rela-

t1 wl.7 pure 8011 Jliau 1D the laboratozy and. tollov1Dg the loa• ot 

JC ( and la 1D certain cue•) and increaae in CIC. Nioaa UHcl 1D 

the artitic1al weathering atudie• conaiated of a l!b7111 te trm Orange 

County and tvo llioaceoua au.plea trm aoil parent uterial 1D Orange 

Couut7 and Prince Willi• Count7. 

'1'he moat tnittul reaulta were obtained trm bo111Dg the Jlicu 

1D various ldDda ot aolutiOIUI. The reaulta of the boiU ng treat• 

aenta are a~Hd u tollovaz 

l. Boiling 0.20 I BOAo relea•ed cou14erable aount1 of JC and -
•, produced. alight expmaton ot the Jlica, but no inoreue 1D CIC re-

aultecl. !be high acid1t7 apparentJ.7 released large aaounta ot Al1 

which hJdrolJze4 lat.er to form no11-exehangi1&ble, poa1 ti .,.17 charged 

Al-¥roq groups that bl.ocke4 the exebuge attea. 

2. Boiling 5 ! laCl and 5 ! ll&C12 r ••o'ft4 JC preterentialq to 

la, procluced cou14erable eJCP1D91on, but the CIC 1ncreue4 onq about 

1/3 the 11110UDta ot IC am\ la rmowd. '?he reuon tor 1ihe -U 1D· 

cnue 1n CIC vaa beliewcl to be due alao to the blooldng •cbaDi• 
ot b.Jdroq...U groupa. Thia 1• aupported bJ' the tact that Alta tu4 

· to enhance Al·h1drol79ia. 



3. BoillDg I •-citrate remowd JC ettectiveq, produced. aig• -
niticant expmaion, and increaaed the CEC more than could be ac• 

counted tor b7 JC loaa. The high CBC probabq resulted trcm the ccm• 

plexing ot Al b7 citrate. 

4. a.ow.1 ot •orphoua material with 1<>1- BCJ. prior to Ka-

ci trate boiliDg helped achieve atoichicmetr,r between JC lo•• and CIC 

gain. !heretore, amorphoua material probabl7 i• more important in 

weathering than preY1oual7 recogDized. 

5. Boiling treatment• cauaed the tomation ot vemiculi tic 

•terial reaeabllng tbat tound naturall7 1D soil&. 1'hi• auggeata 

that the mechan1• ot llica alteration in the artiticial treatment• 

1• 11.milar to tbat occurring in nature. 

6. Soil llicu watherecl aore eaail.J' than an Ontario auaco-

'Yi te. 'l'hi• 1.n41cates that soil micas -.7 be quite different tram 

specimen muacoT1. tea. Reuons vhich could account tor thia ditterence 

are a lower charge 1n the soil micaa and perbapa le•• structural con-

trol than in the epec1Mn-tne muacoT1.te micas. 

7. D1tterenoea in weathering ot dioctabedral and. triocta-

hedral micas likeq are due to the Al in dioctahedral micaa. In 

add1 tion to i ta greater ionic bonding than Pe or Mg, Al al8o b.Jdro-

qzea, vhich encourage• the formation ot ~:q...U pol.1mere• 

The second part ot the 1nveat1gation dewloped aa a result ot 

the interesting and aigniticant occurrence ot paragonite in uaocia-

tion vi th muacovi te in Jlh7ll1 tea and 80118. The fol.loving concluaiona 
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vere made traa thi• part ot the •tud.7: 
l. ParagoDite and muscovite occurred in a ltl molar ratio 1D 

the pb.Jllite1 and aoila. 'l'hia .._. 'to indicate a:lld.lar weather· 

1Dg ot the tvo mica•, &114 alao euggeatl that paragonite bu a rather 

peraiatent nature. 

2. ParagoDi te perhaps i• ot wider occurrence than previoua work 

baa 1nd1aated. Ita influence 1D aoil tomation uy be 1ignit1cant, 
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AUJUATIOB 01 DIOC'l'ABEDlW. MICAS II SOILS 

Ab a tract 

Artificial and natural weathering atudiea were conducted on tour 

dioctahedral micaa tound in aoil parent material ot the Virgin4.a Pied· 

mont. lmpbaaia vu given to the relationahip betveen loaa ot JC (alao 

la in certain oases), increase in CBC, and e:qM1.Uion characteriatica. 

Boiling treatment• with aeveral different aolutiou were uaed. 

to p:rmote artificial weathering. In tema ot the three parametera 

ot Primal7 intereat, tbe reaulta were ot three seneral tnea, depend· 

ing upon the nature ot the boiling aed:ba. Bo:l.liDg aolutiona ot BCJ. 

and IOlc rmowd JC and•, but produced onq alight expmaion an4 a 

negligible increaae 1n CIC. The acid aolutiou, being at lov pH, 

liberated trma tbe mineral large amount• of Al, vhieh likel.7 UDler· 

vent h1drol.Jai• later to tom h1dre>X7•Al polJlleric groups. 'Dleae 

groupa can OCC\JP7 excbange si tea, but thq rma1D uonexcbangeable. 

Boiling aalt aolutiona ot llaCl. and~ 1eaove4 JC and Ba in large 

amounta, produced conaiderable eJCP!U18ion, but onl7 a alight increue 

1n CIC reaulted. The explanation tor the -u increase in CBC vu 

bel1e'V9d to be due alao to block1ng ot exchange aitea bJ non.exchange• 

able ~q-Al groups, becauae ealta tend to accelerate the !Qd.rol.7· 

•1• reaction. A boiling •·citrate aolution rmDO'ted JC ettectiveq, 

produced. marked. expmaion, and caused a large increaae in CIC. Citrate 

cmplexe• Al, which probabq accounted tor the high CBC. When a 

aaple vu treated. with hot BCll. prior to •-citrate bo111Dg, the 1ou 



ot IC and inareaae in CBC was atoicbianetric. The equiw.lence vaa 

attributed to the zemow.l ot aorpboua material b7 BCl and ccmplex-

ing ot Al by •-citrate. 

Veraiculite and kaolinite were the natural weathering pro-

clucta ot the dioctahed:ral Jlicaa atudiecl. There vu a atrild.ng 

a1ndlarit7 between the artit1ciall7-produced. wraicullte and that 

occurring under nat'Ul'lll. conditions. The product tomed. under both 

cinnmatancea expanded. to approximateq 14 A. when sl1'oerol-•olw.tecl 

and cont:ractec! to 10 A. upon 1'.-aaturation and beating. Although the 

art1tic1al weathering Jled.ia vere not repreaentati ft ot natural we&• 

thering OODditiou, the buic mecbaDia ot mica alteration apparenU)r 

vaa a1Jlilar. 

The aoil a1caa altered eaail7 in the laborato17 GOllJl&red to an 

Ontario auaacni te. Thua, 1 t w.a concluded tbat 8011 as.cu are quite 

different traa the apecimen•tne mi.ca•. 'fhe7 aa7 poan•• a lower 

charge or lack the atruetural control ot specimen auaco'Yitea. 

The difference in eue ot weathering between dioctahedral. and 

trioctaheclral 111.caa likel.J' 1• attributable to the ditterence in chai-

cal ccapo11ition, eapeoiall.7 in the octaheclral la19r. D1octabed.ral. 

aieu appear to be more atrongl7 boDcled. than trioctabedral mica• aa 

a reault ot the higber-charpd Al+++ ion 1n the octaheclral la19r. 

Thia atronger bonding voul.4 tem to restrict 1nit1al alteration. Sub-

nquent alteration alao would be hinderecl becaue, u weathering 

proceed.a, greater !Qdrol.J111• ot Al in dioctaheclral mi.cu voul4 re-

1ult in more fixation ot poai ti vel.y-charged bp.roq-Al pol.Jller1 in 



the interla79r po•ition. Thi• fixed Al 1Dh1b1ta expmaion ot 41-

octahedral micas. In trioctahedral 111.oaa, which contain Pe am/ or 

Mg, tbia tne ot t1mtion doe• not occur during acidic weathering, 

A significant tiDding vaa the occurrence ot paragoni te, the 

Ba analogue ot muaco'fite, in intimate aaaoc1ation v1thmuacov1.te. 

A relat1vel7 coutant •/X.molar ratio ot approximatel.7 one wu 

ma1nta1Ded 1n both the parent rock8 and aoil.8. Thi• 1Dd1cated tbat 

equal molar quantities ot puagoni te and auaco'fi te were pruent and 

that weathering ot the two micas was similar. Paragomte 1• be-

lie'ftd to be of aore vide•pread occurrence tban pre'Vioua vork bu 

indicated. It• influence on soil geneaia, aorpboloa, and claa-

•1ticat1on •7 be aigniticant. 
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