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OTtGDOCriOR

TIm atudy of oatlvo flxod a antuo la toaporato aolla baa racalvad
laeroaiolac setoatloa la tbo paat doeado. Tba praaaaea of approclabla
Motmta of aatlw fixdvt Maacaloai baa iMoa daaMmatratad la a iMflaty of
taa™orata aolla Uil tte Vaatara «ad Rorth Caatral IXaltad Stataa aad la
Baglaad. toaaoar, a lack of laforaMtloa ea i#natiaa flxad aaawnAlaa ecm™
taat of tropleal Mila axlata today. Titata far, only two tmewa lavaatl-
gatioaa, com by Xadrlgoaa (1954) oa four aolla la tba irltlab Carrlbaaa
ragloa, «ad aaotbar by Neora and Ayaka (1H5) oa four Rlgarlaa aolla,
hawa baaa rapertad. Mora lafMraatloa oa aatlwa flitad aaaaaltai dlatrl-
botloa la etbar tropical aolla la aaadad to aupplawaat tba waagar
awallabla data.

Aaotbar araa of atody wbara Ilttla, if aay, laforwatloa la awallabla
la la tba araa of aaaioniva flaatloa by tba aaorpbtwa Mil eoaatltaMta.
Maeb work baa already baaa axpeadad la datarwiali”™ tha layarad allleata
wiaarala raapeaalbla for Manalaa flxatloa Md tba aaebmIMi of thla
fiIMtioa. Allopbaao and otbar aaorpbeua adaoralolda bawa baaa latMalwaly
atodlad la tha paat dacada. VelcMle aab la aeeaptad to ba ocaa of tha
paraat watarlal froai wbleh allopbaaa or etbar raaetlwa Morphooa colloidal
mlaaralolda arc darlwad. A larga parcmtaga of tbha Mila of Rawall are
darlwad freai volcanic aab. lawaat™atloaa cMcaraiag tha gMoala a~”
aatura of tbaM atlaaralolda fron wolcaale aab bawa baM aad will ba
fwrtbar lawaatlgatad. Tbla atudy oa tba Mamaiiaa flaatloa by tbaM
nlaaralolda la Intoadad to abad fartbar llgbt oa tba aattara ai™ raactlwlty

of aanrpbowa aoll nImraloida.



IBVIKW OP LREIATORI

la JfAHs. *,

It aaauMd for aany paara tuit rirtoally all aoil aitr™aa
axlatad la orgaalc eoablaatloaa aad ttet tba oalp iaergaale faraa of
altrogaa oora OMhaataabla aaacaloai, aitrica aad aitrata. It la aov
kaoaa ttuU aoaa aoila eoataia al«BlfieaM aaouata of aaturallp oecurrlag
aatlro flsad aaaoolua. TIm Mlataaca of aattra flaad aaaocalua oa four
tropieal aolla froai tte Irltlali CarrlboM rotlcM aaa ropertod bp
lodrtgoaa (1954). Ba roportad that 14 to 78X of tha total altrogaa la tha
tropieal aolla vaa pxaaaat la tbla fora aftor bpdrogm fluorlda axtrae-
tioa. Ha eeaeludad that tba raloaaod aaamlua aaa darlrad froa tha elap
fraetloa alaca It aaa aot rMorod bp aattoda of eatloa axebaaga axtrae*
tloB, bpdrogaa paroxlda oxldatioa, ebroale-aulfurle aeld oxldatloa at
100® G- or bolllag with 101 aulfuric acid. Ba alao eocacludad tbat the
doeroaaa la C/B ratio vitb lacroaalag depth could bo axplalaad bp tha
lacraaaa of altrogaa la tha fora of aatlra fixed aaacalaa with depth la
tha profile.

SIneo thaa, altrogaa la aolla, prawloualp ragardiMl aa orgaalc
altrogaa, haa bom reported to occur aa aatiwa fixed maacalua bald wlthla
tha lattice atructurc of elap alaarala (Braamir, 19S9{ lraaaar end
Rarada, 1999t Dharlwal and Stewaaaoa, 19Stt Hmwap aad Scott, 1936} td\Hiatt,
195Si Moore and Apaka, 19SS} Stevmaoa, 1957, 19S9a] Steeeaaoa aad
Dharlwal, 1959] Steweaaea, Dharlwal and Cheudhrl, 1958; Stewart aad
Porter, 1965} Walah aad Ncrdoek, 1960} Touag, 1962). Theaa Inraatlgatora
hare iadlcatad that 0,7 to 12.91 of tha total altrogaa la tha aurface

aoll aad 1.2 to 63.01 of the total altrogaa la tha aubaoll are la tha

fora of aatlwe fImd maaonlua.



Staca tha ploaaar «ali by Kodrtgiias» ao ifork baa baaa rapoctad aa
cropleal aalle. Kaaaaely, Moora aad Ayaka (1963) raportad that 2 ta 6X
of tbo total altrogaa la tba aurfaea layar aad 45 to 43X of tba tatal
altrogaa la tba aubaoll of fear MIgarlm aall profllaa axlatad aa BF*
axtractabla asacaluai. Aa lacraaaa la HF-axtraetabla aaaocaluai with daptb
for aacb profile waa daacaatratad. Thla lacraaaa Ui aatlra flaad n-
moalua vitb daptb la tha profile» vblcb accouata for tha lew C/N ratiea,
aapaclally of aubaolla, baa baaa raportad by other lawaatlgatora (Braaaar
aad Harada, 1959; Dharlwal aad 8tewaaaoe» 195B{ Baaway aad Scott* 19S6]|
Lalgbty aad Sberay* 1930{ todrlguaa* 1954; Stavaaaoa, 1959b; Staraaooa,
Dharlwal aad Cboudhri* 1958).

Tha quaatlty of aatlra fixed maaocalua a””~ra to be related to tha
aaouat aad klad of clay alaarala praaaat la tho followlag dacraaalat
order: 11llta* aoataorllloalta* kaollalta (Stawaaoa aad Dharlwal* 1959;
Staraaaoa* Dharlwal aad Cboudhri* 1958).

Tha aatlwa fixed aanoalua la lgaaoua roeka aad alaarala haa baaa
atudlad by Stavaaaoca (1959a* 1962). Ha raportad that 1/3 to 1/2 of tha
total altrogaa la acaa graalta recka occurred aa aanoalua laaa ceatalead
wlthla alllcata alaarala. Ha later atudlad tha altrogaa la IpMoua rocka
aad alaarala* aad fooad that 56 to 99% of tha total altrogaa la igaaoua
rocka (baaalta* graalta* parldotlta* porphyry* gabbro* dualta); 66 to 991
of tha total altrogaa la alllcata alaarala (111lta, auacovita* blotlta,
varalcullta* orthoclaaa faldapara); aad 77 to 971 of tha total altrogaa
la aocaa aataaorphle rocka (alata, gaolaa* grmita i~laa) axlatad aa

aatlva flaad aaaoalua.
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TterMl y«IMM of ucchMisMbU «w@i natlv* fFIMd tmmaaixm tram
uatrmmtmd and a PBlua-aatitrafd aolls aad alMrala haa baan raportad by
Fortar and Stavart (1964) and Seott, Hanway aad Stanford (19S6). Scott
11 Ji* (n9S6) lavaatigatad tha tharaMil rataaaa In foar toll clay nlnaralat
illlta, varalcullta, bantonlta aad kaolinlea. Tha axchangaabla aonMmlua
la kaollalta, bdnt«mlta aad Illlta atartad to ba ralaaaad at taogparatoraa
balow 100" C. and vaa coaplataly ralaaaad by baatlag at 40C™ C. for 24
boura. vamdcullta, boaavar* ralaaaad aary littla axchangaabla mwonlaa
and continuad to ralaaaa aona aawontiaa avaa wban tha aanpla «faa baatad
at SO0 C. XIlllIta aad kaolinlta coatainad littla. IT any, flxad aanonlm.
rixad aaaonlun, la aamUullta aad bantonlta, did not dacoe”™aa until tba
taaparatura axcaadad 400" C. 4 uni<tua pbanoaanon for bantonlta uaa
notad— aaoonlun Ima whleb vara initially axchangaabla bacana flxad wban
tha clay aaa baatad at 300 to 390" C. Fran tbaaa obaarvationa tbay con-
cludad that flxad avaonlua raqulrad a higher dacoag>oaltlon tanparatura
than tha axcbai”aabla » onlwa. In all eaaaa, baatlag at any ooa taaipar-
atura did not raault In tha aagragatlra of axcbaagaabla manoolun fron
native flxad a— onlun.

Fortar aad Stavart (1964) naaaurad thba aanunt of axcbnagaabla and
fl»d aamoniaa lona mnainlng in aaaaonlina-traatad and non-traatad aolla
aftar beating at varloua tMparatnraa (100 to 1000 C.). A 3 to 6-fold
lacraaaa In axchangaabla aamooluai waa obtalaad aftar haatli” tba aurfaaa
aolla at 250 to 300" C. for S nltMtaa or longar tlna Intarvala. Tbla

Incraaaa la axchangaabla asanoolun waa cauaad by tha daconpoattlon of



ortoaie axttor. In = palux-tr— ¥ d ~ollt, whoro lavgo gtiaatUioo of
excheogeoMo Mxoaltai woo proooat, roloaao of this fora of altrogoa b M
«t approxlaatoly 200® C. aad coaplotoly roaovod oftor teatlag at
500® C. for 5 alautoa. Aa lacroaao la tho fixed aaaocalua eoatrat of the
aaaoaloa-troatod aolla was ohaonrod oatll a tPMporatoro of ACO® C. vaa

attalaad, aboro ohleh flaod maaocalwa waa loot.

Smmkm. 1 mm to gaUf. fiid. Mifr.tiji

The abllltp of aolla to rotala added aaacalua la a oon*oxeluragoabla
(fixed) fora baa booa kaooa for acaa tlaa. Tbla pbaococaanoa waa first do*
aoaatratad by McBotb (1917), who fouad that added aaaoalua could aot bo
coaplotolj rocovorod by alkallaa distlllatloa, oxtractloa with aoutral
salts, or acid oxtractloa.

Slaea thoa, auch work has booa oi”oadad to dotorolaa the coadltloas
aad tIM soil alaorals roaptmalblo for aaacalua flxatloa. Aoaaalwi flxa*
tloB by aoatamrllloalto, 1llIto, sod woralcutlto, all of which hare a
2sl (slllca*alualaa) crystal lattice, aad by soils eoatalalag those
alaorals has booa shown (Alllsoa, EafMwor sad lollar, 1953} Alllsoa,
Roller aad Dootseh, 1953; Aoalno, 1951; Barshad, 1948; Joffa aad Lawlao,
1947; Pago sad Bavor, 1940; Stanford sad Plarra, 1947; vaa dor tiarol,
1954). Sollo eoatalalag voraleullta wore fouad to fix aoro aoamilua than
those cMtalalng 111Ito aad aoataorllloolto under aolst coadltloas.
I111tle soils fix aoro aaaoalua when alr-drled or oven-drled than whoa
kept aolst after addition of aaaocalua, but aontaorllloaltlc soils fix
little. If say, saaealua imless ovoa*drlod after troatoaat with aaaoalua
(Axlay sod Logg, 1940; Barshad, 1951; Haaway and Scott, 1954; Lsggett,

1958). Kaollaltlc solle are not capable of flxlag auch aaneolua (Joffo



and LavIM, 1947). TBa emmaai¥%tm capacity hy alaarala md racks
has bacA stadiad by Adaaa (1982), Alliaaa and Sollar (19SS) «id Barahad
(194). fka faldapara lwa al«» bam rapmrtad ca fix aanenlan (llaab and
Marahall, 1936). Adam (1962) found that all niaarala aara abla to fix
<0oaa mnoolon bat tbha WHuat IIxMl «aa aocb last than tbat of aaila. Tba
a— oolma fixing capacity of tba organic fraetion of tha aoll baa alao
boon Invaatlgatad and raportad (Barga am Broadbant, 1981} liamomt and
van Behravan, 193S{ Mmtland, 1958] Bohn and Faacb, 1938).

Tba nacbanlsn of anaMmlun fixation In aolla contalal”™ 1lllta,
vamlcullta and nentamrillonlta baa bam aoggaatad by Pago md Bavar
(1940). Tbay peotalatad tbat tha aim of tba eatlm along vith Ita
valanea md watar of bydratlm la tha datamInl”~ factor la eatlm flxa-
tIm. FIxmlm, according to tbam oorkara, occura by tba trapping of
an n iaa Ima la tba eavitlaa formd by tha baxagooal oxygm rlaga of tba
alllca abmta of two auparlnpoaad layara of a 2s1 tyym nlaaral. Tbam
eavltlaa bava a radlaa of approxinataly 1.33 ,8- Fotaaalm lona vbleb
bavo m Imlc radlua vary clom to tbhat of anamltai Ima ara aim fixed
In thla faablmt etlwr catlma wblcb have a lainikar or mallar imlc radii
ara not flxad by tbla aMKbmlan. Subaaeuant works by Barsbad (1948, 1930,
1931), iawatt (1938) and vm dar Maral (1934) land support to tba tbaory
of Piga and Bavar.

Moat of tha atudUa tbua far rapmtad bava shown tbat tba clay frac-
tim la imatly raapmalbla for awmnim fImtIm{ bowavar, tha allt
fsrmtIm bm bam raportad to fix aa aucb, If am aero, aamnlwa as tba

clay frmtIm (Barsbid, 19311 L~att, 1938] Vomlk, 1937).



Tba anount of aaaoalua flxad laeraaaaa with aa lacraaaa la tba aaouat
aad coQcaatratloa of aaaoalua addad (HeBath* 1917; Laggatt, 1958; MeXatoab,
1962; Staaford aad Piarra* 1947). Tba emkcantratloa of aaaealwa aacaa-
aary to aatlafy tha aaacalua flxlag capacity of dlffaraat aotla varlaa
graatly, providad tbat aapla tUa la allowed for aqulllbrlua to be at*

talaad.



oBJBcrms

TIkl« rasaarcb eoocartMd with aatiwa ft»id «aMnlv« and aanonitMVi

flxtag capacity aad tlia aachaalax(a) raapaaalbla for fixatioa. Tba ob-

Jactlwaa of tbla atndy warat

1.

To dataralaa tba aatlwa flaad naaocalun coataat of a aaabar of
rapraaMtatiwa RawallM aolla,

To atady tba affect of baatlng aa aonoaiun ralaaaa la aolla,
To atady tba eoacMtratlea dapaadaat aaacalaa flxatloa of
aolla,

To atady tba aagaltada md alpiifleaaca of MaNialaa fixation
la aolla doadaatad by anorpbooa nlaaralolda, aad

To Ildentify tba morpboua nlaarala aad to datarnina tba

nacbmian raapoaalblo for aanealya flxatloa.



z. MitiTf_HitammfiBWFttm.af,

A attidy Md* to dotonalao tho Mtiwo fixod oowmluoi la ooao
roproaocatatloa agrleulttirally oad aoa-agricultarally lapoitoat Howailaa
oollo oad to supploaMit tio noogor avollohlo iaforwitloo coaeoraiag
tropical aolla. The aolla lavootlgatod wore separated late two wajor

groepa, oaa dorlwad frea wolcaale aah md the othor froa baaalt.

MFISAXiAUjoOlJttealft

Tha soil aorloa profllaa froa wolc m Ic ash uaad la this study wore
Valkaloa (Koddlah Srooa), Valaaa 1* sad 2« (RoddIsh PralrU), Haaloho
(loddlah PralrU), Fahala (Soddlah Pralrlo), Hlle (Hydrol Ruale Latoaol),
Akaka (Bydrol Realc Latoaol), aftd Paauhae (Ruaic Latoaol). Tha sell
aorlas profllaa froa baale i1gaoous rocka wars Molokai (Low %mlc Latoaol),
Lahalaa (Low Ihmlc Latoaol), Rablawa (Low fttalc Latoaol), Malwa (lhaile
Farruglaows Latoaol), Kalao (Ruale rarroglacaa Latoaol), Eolakalo (Raalc
Forruglaoua Latoaol), Maaaaa (Rualc Porruglaocaa Latoaol), Paaloa (Ruale
Latoaol) sad Xoolau (Hydrol Ruale Latoaol).

Tha aolla foraad froa woleaalc aah, with tha oxcoptloe of tha Valaaa
aorloa, wore collceted sad described by Or. Toshlaorl Kaaehlro. The
Halaea soils ware collected end thoroughly described by Houag (1964).

Tha soils frea basalt, with tha oxeoptlea of tha Kalaa aorloa, wars col-
looted by Nr. Roger T. Vatenabe, the descriptloas of which were aade

awollablo by tho Soil Consorwatlm Sarwlco. Tho Kalao aorloa was col-

dvalaaa 1 sod 2 haws also boon known as Mahoolua and Valkll aolla, roa-
poctiwoly.
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locted aad daacribad by tha Soil Coaaarvatloa Sarrlea. Rona of the aoll
profile daaerlptleaa are raproducad la tbla thaala.

Mathodat

Tha ROSt "HP aathod (proaadura A) propoaad by Sllra (196A) waa uaad
to tetaralaa tha aatiwa Fixed aaaoalua la acaa raproaaatatlva vilrgla aad
aultlvatad aoll profllaa. Currant RF aathoda propoaad by other iavaatl*
gatora (SraoMr (1959) e Direct aathod, SraaoMr (1959) - IDH aathod,
Dharlwal aad Stavaaaen (1961), todrlguaa (1954), Schachtachabal (1961))
ahow one or wore dafaeta that are poaalbla aoureaa of error. At loaat
two fraquaat dafaeta ware noted in each of tha aathoda cited. Coaaenly,
tha pratraataaata uaad la allalaatlng tha latarfarlag organic altrogaa
coapouada lad to tha fTixation of raloaaod aaaonlua by aoll alaarala.

Tha procadurea uaad for tha ralaaaa of fixed aaaonlua ware alao not
quaatitatlwa.

Tha aultablllty of Sllwa*a aathod llaa la tha fact that tba aoll
aaapla waa pratraatad with alkallaa potaaalua hypobroalta (Xrar) to raaova
axchaagaabla maaonlua aad orgaalc altrogaa coapouada. A 96 to 100l f
aoval of tha latarfarlag organic altrogaa coopounda uadar condltlma that
did aot cauaa any ralaaaa of tba fixed aaaonlua i1a waralcullta woo
talaad by thla pratraataocat. Any ocaaocailua foraad by tha oxidation of tha
aoll orgmie natter by ROBr waa Innadlataly eoavartad to R] by tha fol-
lowing raactlani

2RH3 4- SKDBr = R] ®=3KBr 4 3R20
Tha rapid raaowal of tha ralaaaad oaaocaiua aitragaa aad the high

concaatratien of tha potaaalua la aolutloa prawaata any fixation of tha

tmmmivm froa tha orgaalc aattar by aoll alaarala during tha pratraataeat.
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SaXilim O tlif

A fIMly groimd 1-gran (100 naah) aanpla placed la a tall 200 m!.
baaker vaa treated with 20 ad. alkallaa petaaaliaa hypebroelta (KOir)
aelwtlon. Tha baahar waa awlrlad to nl« tha aoll Md hypobroailta and
than allowed to ataad cawarad with a watch glaaa. Aftar 2 houra, 60 el.
of dlatlllad water waa added and tha aoll-KOBr nlsetura waa bitnight to a
wlgoroua boll far S elnutaa. Aftar allcnting tha nixtura to cool and
aattla ovamight, tha clear aupamatant aolutlon waa daceatad md dla*
carded. Tha raaldua from thla pratraataMnt waa tranafarrad to a 100 el.
polyathylana centrifuge tuba ualng 0,5 RCl aa tha tranafarring aolutlon.
Tha tuba waa cantrlfugad at 2000 rpe for 10 elnutaa and tba auparaatant
solution dlacardad. Tha raaldua waa waabad twice eora with 0.5M RCI and
cantrifugad. To tha waahad raaldua, 20 nl. of 5N HjIJ RCI aolutlon waa
added. Tha cantrlfuga tuba waa atopparad with a rubber atoppar and
abakan contlnuoualj with an and-owar-aad ahakar for 26 boura to dacoepoaa
tba elnarala containing tba natlvn flxad aaeonlue.

Aftar coag>latlon of tha =. traateant, 15 nl. of 10g NaOR
waa added to a 500 el. Kjaldahl flaak. A long-atan polyathylana funnal
with a Tygon tubing axtanalMt waa placed la tba nack of tba flaak ao that
tha and of tba tuba vaa below tha aurfaea of tba RaOH aolutlon. The
contanta of tba eaatrlfvga tuba vara trraafarrad into the Kjaldahl flaak
through tba funnal md tha traMfar ma eon™latad by rlnalng tha emtrl-
fuga tuba aad fumal with dlatlllad water. Tha aanonlue In aolutlon waa
dlatillad Into 10 el. of boric acld-nathyl radtbroneraaol graan Indicator
aolutlon ualng a eedlflad elero Kjaldahl ataae dlatillatlon apparatua.

Tha dlatillatlon waa eontlttuad imtll 90 el. of tha dlatlllata waa col-
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loccod la tiM racalvlag flaric. Tha a aalw la tlw dlatillata waa
dacaralaad by titratiaa wltb ataadard 0.003S aatiwva fIMd
mmmmitm waa tbaa calcwlaead aa tba dlffaraaca batwaan cba Mouat of
a anlua llbaratad la tbla Mal Jala aad tba aawtait of aaeealw Ilbaratad
by staaa dlatlllatloa of 20 «1. of % RFtJ] HCI aolutloa wltb 15 al. of
Ipi RaOR aolutloa.

lotdl PUmtat

This waa datavalaod by tba ataadard ljaldabl aatbod ualag 5 graaa
of a KgSOgtFaSOgtCttSOg aalt alxtura la a 1011:1/2 proportloe. Tba aaapla
was dlgaatad wltb 10 al. eocaemtratad R"SOg la a 100 al. Kjaldahl flaak
for 2 btmra, eoolad aad traMfarrad to a 500 al. KJaldabl flaak. Tba
aaaocalua*altregaa la tha digest was ~taralnad after distlllatloa wltb
MaOR ualag a aodlfled alcro KJeldabl staaa distlllatloa apparatus.

|t

A rapid tltratloa aatbod proposed by Ralkley aad Black (1954) was
used la tbla doteralaatioa. A 0.5 to 1.0 graa oaople was treated wltb
R20r20g*H2S0g to digest tbs orgaalc asttar. Tbs osgaale earboa was sal*
eulated after tltratloa wltb P"Og aolutloa.

I1SSiSLJa&i

Tbs total K20 aaalysls was mm4m om ths uatreatod wbole soil. Tbs
RP*R2*"4 dlgestloa aatbod was used to brlag tba soil potasslua lato
solatloa. Tbs flaas spectrophotoaatrlc aatbod for potasslua was used.

JAi

Tha soli pR vaa asasured wltb a glass aleatrodo pH aster la a Itl
soll-vatar suspaasloa. Tbhe sag™le was allowed to stasd for 24 beuro wltb

oscasiooal stirring prior to Its reading.
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Soil eerlaa, horiaoa daptb* pR valuaa* parcant earbaa* parcaat
nltrogan, aatlva flxad mlaaonIlMi and alaaralogy ara abawa la Tablaa 1 aad
IX; all otbar data ta tha tablaa vara darlvad froa tbaaa figuraa. Sx*
ehaagaabla aaaocalua* altrltaa aad altrataa vara aot dataralaad la tbia
lavaatlgatioa.

JOUT!I _JLbB]d. .AMB]R4a» .M

Tha raaulta ahow tbat virtually all aolla lavaatlgatad eoatalaad
aocaa aatlva flxad aaaonl”. Although tbara vara aoaa axeaptloaa, tbara
waa a gaaaral downward trand In tha aatlva flxad aaacalua with daptb la
aacb >roflla. Tbla dacraaaa with daptb la eoatrary to tha gaaaral rula
of graatar aatlva flxad aaaoalua la tbo aubaoll tbm la tba aurfaea
(Haaway and Seott* 19S6; Rodrlguaa* 1954; Stavaaaoa* Dharlwal aad
Cboudhrl, 1958).

Matlva flxad aaaocalua waa found to ranga froa 0.0 to 585.0 ppa,
with aa avaraga of 93.4 ppm. Tha aolla froa volcaale aab ganarally had
a lower aatlva fTixed aanocaltaa content (3.8 to 177.8 ppa* with aa average
of 55.2 ppa) tbaa thcaa froa baaalt (0.0 to 583.0 piw* with aa avaraga of
121.0 piNi). However, the native fixed In the aolla froa volcanic
aab did aot dacraaaa draatlcally with daptb aa did thoae froa baaalt.

The aatlva flxad aanoalua appaara to be related to tha 10 or I1lllta
coatnat of tba aolla. Tbla ralatloaablp* however* did not bold whaaavar
potaaalua bearing faldapara were ldentified. Thla ralatlonablp will be
dlacuaaad In a following aaetloa.

Tha anouata of native flxad naBoalita la aone Rawallaa aolla ware of

alallar aagaltuda with thoae datamlaed la otbar araaa. Rodrlguaa (1954)



TABLE 1. CHEMICAL AIR) MDIXIALOGICAL FXOPEITIES OP SOILS DEVELOPED PKOM VOLCANIC ASH

Notivo

soil Doptb p8  Org.  Tot.  Tot. IlItto Notlwo Flxod Or9-  Or9- DMi Iwnt
Sorloo C M Fi»d n 6%‘ Mtaorola
mJSU-. ifit-i r m
Jub JEBI | L
Valkaloa 0-10 6.6 3.73 0.420 0.83 - 28.6 0.5 8.9 8.9 AaorplIvMwa
10-19 7.4 1.97 0.188 0.93 - 17.1 0.7 101S 11.0 sllcataa.
19-27 7.6 1.08 0.121 0.93 - 25.7 1.6 8.9 9.1 halloyalta.
27-37 7.8 0.50 0.079 1.72 - 42.8 4.2 6.3 6.6 faldapara
37-46 7.8 0.18 0.042 2.43 - 19.1 3.5 4.3 4.4
46-55 8.4 0.21 0.046 2.28 - 12.4 2.1 4.6 4.7
55-64 8.5 0.12 0.023 2.41 m 9.5 3.2 5.2 5.4
ValMa 0-10 6.9 4.84 0.524 0.85 m 42.8 0.6 9.2 9.3 Aaorphous
(Mahooloa) 10-22 7.9 2.56 0.295 0.73 m 43.9 1.2 8.7 8.8 ailicataa.
22-28 7.8 2.98 0.290 0.69 m 47.7 1.3 10.3 10.4 halloyafta.
28-34 7.7 2.20 0.162 0.63 - 21.4 1.0 13.6 13.7 Taldapara
34-54 7.9 1.11 0.059 0.99 15.3 2.0 18.8 19.2
54+ 7.9 1.34 0.021 0.93 - 14.4 5.3 6.4 6.7
Valnaa 5-11 7.1 5.69 0.572 0.45 - 9.5 0.1 9.9 10.0 Aaorphotta
(valkib) 11-20 7.1 5.42 0.409 0.42 ™ 3.8 0.1 u.2 13,3 aillcataa.
20-23 6.8 3.96 0.275 0.42 14.2 0.4 14.4 14.5 faldapara
maaloha 0-11 5.6 3.n 0.378 0.23 m 38.2 0.8 9.0 9.1 Aaarpboua
11-21 6.7 0.72 0.089 0.12 m 32.4 2.8 8.1 8.3 alllcataa.
21-54 6.9 0.51 0.051 0.10 » 25.7 3.9 10.0 10.4 faldapara
54-59 7.2 0.29 0.034 0.10 m 26.3 6.0 8.5 9.1
59-65 7.0 0.37 0.046 0.09 m 23.4 3.9 8.0 8.4

*lonle forao «ro oood vichoiit Isdleotlon of clorgo ttaroaghout thla thaala.



TABU 1.

Soil
Sorloa

Fokala

RIlo

Akaka

Deptli

0-7

7-11
11-1S
1S-2S
25-M
36-39
39-52
52-57

60-72
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CISIfICAL AND MUHALOCICAI. TBtmXtUS OP 801U DSVBLOPBD FROM VOLCAKIC ASH (Cotttinmd)

Dorname
Miaarala

Aaorphoua
sllleataa.
<oaa Taldapara

Aaarpkema
allleacaa.
aaWwirpbeaa 1rm
and alaalmta
oxldaa, gibb-
alta, gaares

Aaerpboaa
allleataa.
aaerpbmta lron
aad almlam

oxldaa, glbb-
alea, quarts

Aaerpbeua
allleataa.
aaorpboua lIroa
aad almlam
oxldaa, glbb-
Oita, goarts



TABU 1. CHEMICAL A » MOBBALOGICAL PBOFSSTIES OP SOIU DSinBXONnD FROM PfHXABIC ASH (Ceatiaaad)

Hotlwo

soil Yoxptk pH  Org.  Toe. Tm. 1lllto Hottwo Flmd Org. Deolamt
Sariaa FiImd 019 KImrols
H R
im. ) G ) QR X X . wpm X
Aeafca 0-3 51 11.88 0.691 022 3.0 61.0 0.7 17.2 17.3  AnrplMito
37 51 9.8 0577 0.25 35 725 1.0 17.1 17.3  milicatoo
7-15 56  6.29 0.34 042 5.8 101.5 21 17.3 17.7  asorphotia
IVIS 5.9  3.28 0.149 013 1.8 524 2.7 220 226 1roQ aiMl
1824 5.8 551 0.292 0.46 6.4 105.8 2.8 18.9 19.4  aluaiWMi
24-33 56  4.29 0218 0.34 4.7 1(».7 3.8 19.7 20.5  oxldaa.
38-43 5.7  4.66 0.258 0.33 4.6 107.8 3.2 18.1 18.7  glbbatta,
57-44 59  2.49 0102 0.04 0.5 52 0.4 24.4 245  qoartc
P obm Imwi 20-44 6.4 2.~ 0.298 0.71 9.9 156.4 61 9.4 9.8 Kaolla,
46-40 6.2 231 0.270 0.78 10.8 157.3 4.5 8.5 9.0 It
60-74 5.8  1.81 0212 0.83 11,5 177.8 6.5 8.5 9.1



TAHJ XI. CnmiCAL AMD MSIEIALOGICAL PROPSITIES OP BASALTIC SOILS AVD STANDARD MINERALS

Ratlee Org. Org
Soil Depth pB orf. Tot. Tot. 1lllte Natiwe Fixed ’ Doalaaat
SorUa G N 120 Fixed NNA-M o tﬁgl Minerals
N i IftUl N N
Molokai 0-3 5.8 2.12 0.202 1.17 16.2 215.3 8.2 10.5 11.4 Kaolin,
3-20 6.5 1.04 0.094 0.88 12.2 173.2 14.2 111 12.9 iron
20-48 6.6 0.59 0.046 0.33 4.6 79.2 13.3 12.8 14.6 oxide
48-70 6.5 0.65 0.034 0.12 1.7 33.3 7.5 19.1 20.7
70+ 6.6 0.59 0.024 0.09 1.2 14.2 4.5 24.6 25.8
Lahalaa* 0-21 5.7 2.41 0.239 1.05 14.6 177.8 5.7 10.1 10.7 Kaolin,
21-31 6.5 0.54 0.064 0.93 12.9 1451 17.5 8.4 10.2 Iron
31-44 6.7 0.60 0.072 0.61 8.5 93.6 10.0 8.3 9.3 mclde
44-45 6.9 0.61 0.050 0.24 3.3 28.1 4.3 12.2 12.8
Vahlawa Dry 0-15 5.1 1.19 0.159 1.04 14.4 140.4 6.9 7.5 8.0 Kaolin,
15-25 6.0 0.38 0.073 1.10 15.3 145.1 15.4 5.2 6.2 Iron
25-35 6.5 0.16 0.058 0.90 12.5 135.7 18.2 2.8 3.4 oxide
35-60 6.2 - 0.055 0.52 7.2 88.9 12.4 -
Vahlawa Vet* 0-4 5.8 3.76 0.378 1.99 27.6 121.7 2.5 9.9 10.2 Kaolin,
4-10 5.6 3.59 0.360 2.05 28.5 112.9 2.4 10.0 10.2 Iron
10-14 5.5 1.65 0.260 1.86 25. 84.2 2.5 6.3 6.5 oxide,
14-19 5.8 0.82 0.152 1.85 25.7 154.4 7.8 5.4 5.9 IH1te
19-25 5.9 0.86 0.123 1.44 20.0 243.4 15.2 7.0 8.3
25-35 6.2 0.79 0.103 1.36 18.9 210.6 15.7 7.7 9.1
35-45 6.2 0.63 0.091 1.33 18.5 238.7 20.2 6.9 8.7

~Carbon data provided by Mr. Roger Vataaabe.



TABU 11. CBEHICAL AIR> MUFEKALOCICAL PKOPKBTIES OF BASALTIC SOILS AND STANDAIU} MXNEIALS fCootittood)

Hetlvo Org. Org-

Soil Deptb pH 0zg- Tot. Tot. I1lltto Motlvo Fixed .c A Doeinent
Smrlos C H Fixed SAIE. Tot. (hm. Ifliterale
HSa— ot W W H
JH 1u BBS
Heiva 0-4 1.44 0.084 0.18 2.5 42.1 3.9 17.1 17.8 Kaolia,
Exposed* 4-7 1.58 0.075 0.15 21 37.4 3.8 21.1 21.9 Iroa
7-11 1.86 0.074 0.17 2.4 32.8 3.4 25.5 26.4 oxide
11-13 2.34 0.080 0.17 2.4 23.4 2.2 29.2 29.9
13-14 4.26 0.140 o.11 1.5 4.7 0.3 30.4 30.5
14-21 13.65 0.320 0.09 1.2 4.7 0.1 42.6 42.7
21-25 6.44 0.178 0.02 0.3 1.8 0.2 36.2 36.2
25-29 5.38 0.134 0.00 0.0 0.0 0.0 40.1 40.1
Mslws 0-3 4.95 0.311 0.17 2.4 32.8 0.8 15.9 16.0 Kaolin,
Deexpoaed* 3-4.5 4.55 0.318 0.15 2.1 37.4 0.9 20.4 20.8 iroa
4.5-8 11.99 0.339 0.13 1.8 28.1 0.4 35.4 35.6 mtide
8-19 11.05 0.353 0.06 0.8 11.2 0.2 31.3 31.4
19-28 10.86 0.358 0.03 0.4 4.7 0.1 30.3 30.4
Kalae 0-9 0.348 1.23 17.1 196.6 4.3 m m Iron
9-15 m 0.137 1.34 18.4 224.6 12.6 m m oxide.
15-24 - 0.103 1.25 17.4 201.3 15.0 m m keella.
24-41 - 0.111 0.95 13.2 149.8 10.4 m m Ilita
41-53 wn 0.114 0.47 4.7 70.2 4.7 m m
53-42 m 0.078 0.22 3.0 32.8 3.2 m m
42-47 m 0.059 0.00 0.0 0.0 0.0 m m

*CarboB data provided by >r. Xegar VatoMbe.



TAKE 11. CISHZCAI AVD 1IDI1BALOGICALl, PROPEITIBS OF BASALTIC SOUS Affi> STASDAID MIMEIALS (Contimiad)

Ratlva or* or*
Sell Dapth pM Org. Tot. Tot. Xlllta Mativa Flxad ) ) Ooalnaat
Sarlea C M K20 Filxad MMM Tot. or*. Mlaaraia
JS 4 - « M
JJiL ). Qo I/
Kolokolo 0-6 5.0 6.76 0.362 0.57 7.9 88.9 2.0 13.9 16.2 Kaolta,
6-S 6.8 6.61 0.197 0.60 8.3 117.0 6.6 22.6 23.5 Ir<k
8-13 6.7 3.37 0.266 0.65 9.0 160.6 6.1 12.8 13.3 oxide
13-18 6.6 3.79 0.288 0.63 8.7 103.0 2.7 13.2 13.5
18-23 6.7 3.65 0.253 0.63 8.7 165.1 6.6 13.6 16.3
23-27 6.7 3.51 0.206 0.63 8.7 103.0 3.8 17.0 17.7
27-33 6.5 2.03 0.126 0.61 5.7 70.2 6.6 16.6 17.1
33-36 6.6 1.95 0.118 0.42 5.8 72.0 6.7 16.5 17.3
36-60 6.7 2.60 0.138 0.26 3.6 51.5 2.9 17.6 17.9
- 6.8 3.35 0.154 0.23 3.2 62.1 2.1 21.7 222
balow 60a 6.8 1.68 0.080 0.16 1.9 28.1 2.7 21.0 21.6
80-90 6.1 0.80 m 0.05 0.7 6.7 - -
Maaana 0-12 3.9 2.66 0.266 1.96 27.2 355.7 11.2 10.0 11.3 Kaella
12-21 6.2 0.99 0.128 1.96 27.2 358.6 21.6 7.7 9.9 1lta
21-36 6.2 0.81 0.128 1.67 20.6 307.1 18.5 6.3 7.8 Iroa
34-66 6.3 0.65 0.0S8 1.33 18.5 268.1 32.9 7.8 116 oxlda
Paaloa 0-6 6.5 2.68 0.186 1.62 19.7 271.6 11.6 16.6 16.6 Kaolla,
6-9 6.5 1.78 0.166 1.60 19.6 266.8 16.1 12.2 16.2 111ta
9-17 6.3 2.38 0.132 1.36 18.6 268.0 16.5 18.0 211 oxlda
17-25 6.5 2.19 0.102 0.91 126 176.0 13.3 21.6 26.8 4oarta
2V26 - - - 0.66 9.2 98.3 © -
26> 6.6 - * 0.52 7.2 70.2 : -
111ta m - @ 0.78 10.8 121.7 - -

pockat



TABLE XI.

Sorioa

Koolau

Eoolott

Loolaolol

Booloa cloy

Dopth

Jm,
0-4
4-7
7-10
10-14
14-20
20-30
30+

3-4.5

0-1

1-15
15-24
24-35
35-44

4-7

Mol~EOI clay 3-20

IliItaRo . 35
I1llta Ro. 34

Blotlta

Blotlta
Maacovita

pR

GO ARNADND
COOUTWWW

~N NN NN
AN NN

Org.
C

0.43
0.48
0.28

Tot.
H

2.440
0.110
0.144
0.074
0.044
0.043
0.042

0.042
0.031
0.027
0.020
0.007

0.152

0.121
0.093
0.022

0.021
0.020

Tot.

0.14
2.29
0.40
0.52
0.34
0.20
0.20

3.19

0.47
0.44
0.47
0.47
0.51

3.91

0.97
4.94
5.07
5.79

9.31
5.50

)
NNV NOR P
W 0000 ~N WO ©

£

54.3

13.5

motlvo
I1lito Rotlvo Platod
Ptaod RHa-B
- »8%.—
JBH-

28.4 0.1
388.4 27.2
149.2 8.0
109.4 11.1

55.3 4.4

21.1 3.8

23.8 4.4
585.0
40.1 u.l
41.0 10.3
43.9 18.4

33.3 12.9

23.8 24.4
748.8 37.9
1944

1039.0 44.1
725.4 40.1

84.2 29.5

79.4 29.2

88.9 34.2

Org.

JL-

Tot.
H

19.9
18.5
20.9
25.9
23.4
22.1
20.0

28.1
24.2
23.3
24.0
40.0

Org.
C

Org.
R

19.9
25.4
22.7
29.2
25.3
22.9
20.9

31.4
27.0
28.4
27.4

CHEMXCAL AND MHIEIALQGICAL PKOPEITIES OP BASALTIC SOILS AIG> STAMDAID MIMEBALS (Contlaaod)

Ooadaaat
maaralB

1H11ta*
kaolla*
quarts,
tltaalaa
aaldaa

Mbataorll-
laalta

Ilita

Caelta
IHita
lIHlta

Blotlta 4
Taldapara

Blotlta

Mcacorlta 4
feldfBiH
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showed that tropical soils iIn th« British Carribaan ragion contalaad
hatwaaa 281.6 to 1920.0 posi. 8la raportad Mluaa ara thoi[ght to ba toe
high bacauaa of cartala waakaaasas la swthodolc™y. Seaw of ttn poaalbla
<tefaeta that ara poaalbla aottreaa of arror hawa baaa praaaat” aarllar.
Bacaatly, 30 to 220 p*.., with aa avaraga of 75.6 ppsi®waa raportad bf
Moora and Ayaks (1965) in four Migarian soils. Nlaa to 366 ppau, with
aa avaraga of approxlIssitaly 135 ppnk, hava baaa raportad la a warlaty of
taagrarata soils la tha North Caatral ragloaa of tte Htaltad Stataa (Dharlwal
aad StOMaaoa, 1958} Haaway aad Seott, 1956] Liggatt, 1958} Stawaaaoa,
1957, 1959a{ StavMsoa Dharlwal, 1958, 1959} Stawirt and Portar,

1963} Valah aad Mordoek, 1960). Stawaaaoa and Dharlwal (1958) and Towag
(1962) raportad batwaaa 31 to 432 ppa.wlth m awaraga of 133 ppa.la tha
solla of tha Waatara raglcm of tha llaltad Stataa. A raaga of 52 to 252
ppa- waa raportad by Braaaar (1959) aad Braaaar aad Narada (1959) la a
warlaty of taaparata soils fron Baglnad.

Tha data, whan conparad to thosa rapertad by othara la dlIffarmt araas,
show that tha avaraga aatlwa flaad Msaealwn ccmtant of Rawallm solla la
gaaarally lowar thaa thoaa fron othar araas. Slaea oaly two othar tropi-
cal araaa, aanaly, thoaa fron tha British Garrlbaaa r~loa aad Nlgarla,
bawa baaa raportad, eenparlaocaa ancng thoaa tropical soils csaaiot glwa a
eonplata pletara of tha aatlwa flxad aanoalun contnst of tha tropica.

Abtflt.

Native flxad anaocalon aa a fraction of total altrogaa la tha ladlwld*
aal borlsoaa warlad fron 0.002 (Halwa axpoaad, 25-29**} lalaa, 62-67**) to
32.932 (Maaaaa, 34-46**). Slaea axebaiigaabla anwonlon, altrlta and aitrata

altrogaa wars aot datamlaad, laorgaalc altrc™an aa a fwaetloa of total

altrigiaa for aaeb borlson Muld aot bo calewlatad.
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Aeeerdlas to Stowonaoca (1959b) and Young (1962), tbo rclctlwo ocaoimt
of altrogoa prooont == anttwo flxad asacaltni laeraaaad witb iaeraaslag
dapth. Tbla laeraaaa waa dua to tha lacraaaa of patlva flxad aaaKjalua
vitb dapth la tha profile. Tt aaaa ralatlooablp waa obaarwad by
Rodriguea (1954) and Moore aad Ayaka (1965) la tropical aolla. The aolla
atudlad la thla Inwaatigatloa are iml~ua la that they do not follow any
of the patterns reported In tha literature.

Tba ratio of aatiwa flmd aawonlua to total nitrogen warlad aaiotlg
aolla. For amapla, tha Valkaloa, Pahala, Molokai, Lahalaa, Ralwa ax-
poaad aad Kalaa aoll profllaa vara cbaractarlxad by hawing tha blghaat
percentage of nitrogen in the fixed fora aocaewhere within the profile,

A highly algniflemt ralatloaahlp (r = 0.740**, df « 21) waa ob-
talaad when the aatlwe Ffixed aaaaonlun was coaguired with the percent of
total nitrogen of the young, weathered woleaaic ash soils (Figure 1).

A alwllar ralatlonahlp (r “ 0.820**, df m 70) waa ~>talmd for tha aolla
derlwed from basalt (Figure 2). However, this was not the case for the
soils derived froa young, partially weathered volcanic ash soils (Figure
.

lalatlaa Hatwaait itetiwa fimd Ammiliin and X 1jQ md % Illita»

since native flxad asaxxiliMi la osoally eonsldarad to ba aaaocelatad
with tha clay fractlra of tha aoll, a study waa atada to datanslaa tha
clay alaarala raapoaslbla for tha aatlwe fixed aancaltia. Ksollalta and
Illite wars foxmd to ba tha most predoniaaat clay aiaerals iIn the soils
contalaii™ a large guaatlty of aatlwe flxad aaaonlua. Since It la
generally accaptad that kaollalta haa a low capacity to aaaonlua, tha

aatiwa fImd aaaonlua of the aolla aust ba attributed to tha almral

Ilta.
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A etudy oo tIM dlatrihution, pelyaorphlc totm and origin of nlea
minarala in eoaa Hawaiian aolla waa racaatly Invaatlgatad by Juai™ (1964).
Rla X-ray data aatabllatad two pointat (1) Miea eontant Incraaaad with
«t Ineraaaa la aoll alawatlon and rainfall, ami (2) alca eontant %faa at
a naxlaua at tba aorfaca. JuaiRt"a raaulta won nM la agraocaeat with
noat publiatiad data in otbar araaa. Ba alao ebaraetarlcad tha Xoolau
(3-6.5*0 horlscm, eontalnlag tha largaat aaoimt of Illlto, hy ehmical
mathoda and datarnlaad tint a 100t ovan-driad Howallm nica nlaaral eoa-
talaad 7.29% 1’0. Xa ordar for thla aaata™lon to ho truo, ho asaunad
that all tha axchmgaahla altas wara aaturatod hy cations othsr than po-
taaaltm and that all aoll nleas In Bawallm soils srs Idsntlcsl. Ha
also showod tho sppllicshillty of sllocstleg ths total KjO contsnt to tho
Mica ttlnaral, at laast for wostharod Hawaiian aells. Thla, howavar,
doaa not hold truo for partially wsathsrod sells which contain
potatalua nlnarala othar than nleacaous ninarsls and high anounts of
sxehi”ssbls potsaslua. Soaw of ths aolesnlc ash soils studied in thla
Invoatlgatlon fall in this category.

Tho total KjO content and parent Il1lIto of tho soila studisd are
prasontad In Tahlas X and XX. Psrcsnt Blllts was csleulstsd from ths
psresnt hut soils contsInliNi sxtransous souress of potassium, aa-
paclally faldapara, wars csleulstsd.

As far as is knom, no one has yst found s rslstloashlp botwoon
total X2 psrcsnt 1llIts to Mtlva ftxsd sanonlum. This is bseauso
slloestlon of tho total 10 to Il11lts would not bo Justifiod for nost
soils thrcxighout ths world. Wmk tho data for tho total 170 or percent

II1lto and nativa fixnd mamcnhm la Tahlas X and 1X, axeludlng thoaa
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molla cmtalaing faldapara* vara acatiatteally analytad* a corralatlaa
coafflclaat of 0.936* highly algalflcaat at tha 1 parcaat laval (Flgura 3)«
vaa obtalaad for tha volcaalc aab aolla. Aaalyala of tha aolla froa
baaalt produced a corralatloa coafflclaat of 0.908, alao highly algalfl-
cant at tha 1 percent level (Figure 4). Coablalag the two groups of aolla
(Figure 5)* e eorrelatlmi coefficient of 0.910 was obtained* idileb waa

again highly tlgalfleant at the 1 percent level.

The reaulte above ladlcete explicitly that aatlva flxad a— oalua la

la coablaatloa with thba clay alaaral 1lllta, at laaat la tbo Hawaiian aolla.

c*iM-wi4l.it.gana.gti tM fttClasagf. <tRtU ff. AmmkmJSL
Mtiai*
Tha raaulta of tba aaalyaaa for carbon aad altrogaa aleag with tha

ealculatad carboa/Zaitrogan ratloa la 114 toll aaaplas ara abowa la

Tablaa X aad XX. Carbea eoataat ganarally daeraaaaa with daptb* Mcapt
for tho Hilo* Akaka* Ralwa aad Kolakala soil profllaa* whara Irr~ular

distribution la abowa. Tbla pbaao— aca any ba due to tha woblllsatloB
of bums froa tba aurfaea to tho aubaoll or to burlod aoll borlaocaa.

Total altrogaa varied cloaaly vitb tba carbon eoatoat la tha soils
lavaatlgatad. A corralatloa of H oa C (Flguro 4) of tba si~la froa vol-
canic ash was highly slgalfleant (r « 0.("4*** df « 58). Tba raaulta
coopers vary fTavorably with the results obtalaad by Houag (1944) on
alallar volcaale aab soils. A algalflemt correlation (r * 0.748**,

df * 61) of C oa 9 waa also obtalaad far tba aolla froa baaalt (Figure 7).
Tha orgmlc C/total 8 aad ergaale C/ergMlc m* ralatleaablpa of tha

<olla atudlad are glvaa la Tablaa X aad XX. Organic C/tatal N ratiea

*For tbla thbasla* ™organic H* rafara to tatal V alaua native flxad
ilua.
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varied fron 4.2 to 24.4 la tha volcaalc ash soils. Ho obvious
ralatlooahlps wltbla soli proflloo wars avldaat. Orgoalc C/orgaalc M,
aftar corractlng for aatlva flxad aasaonlua>M froa total H, was aot sig-
nificantly dlIffaraat froa tha organic C/total M ratios. At bast only a
1.02 lacraasa la organic C/erganlc M ratio was obtalaad la ths Akaka
(34-~**) borlson ovar that of tba organic C/total M ratio. This Ispllaa
that tbs native flxad awonnlua plays only a saall part la tha total
altrogaa la Hawaii volcaalc ash soils. This Is contrary to othar araas
(Bsaway aad Scott, 1936; Lalgbty aad Shorsy, 1930; Kodrlguas, 1934;
Stcvansoa, 1959b), wbara tba aatlva fliMd stosonluai plays a significant
rola la dataralnlng ths carboa/ZaltrogM ratios of subsoils.

Organic C/total R ralatlooahlps for tha soils fron basalt wars
blghar; thay varied fron a low of 2.7 (Hablawa dry, 25-35**) to a high of
42_.6 (Nalwa axpoaad, 14-21**). Bara, too, the ratio did not cbaaga nocb
within tha profile or show aay sigalflcaat trends. Tha values raportad
bars are nucb higher thaa tboM raportad previously by Blonberg and

Rolnas (1959) for otbar Hawaiian soils.
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A otvAy WM mda to dotorwlM tte Imgth of tIm « Mwgilo contaiftiag
Mtlwo flmd MKMMIwo ciMwld bo bmtod «t My mo toavoroturo for mxUmi
raeowary of mnealim ralaaaad. Tbla wm datamlaad by aMetirlng tba
aaouitt of Mtiva fImd ummtvm raaalaiiM} aftar Meb tIm latarml of
baatiax. Tbara la no report la tba lltaratttra li*leatlag tba atabllity
of the Mtlwa flmd aaaealmi bald by tropieal clay almrali aabjaetad to
proloagad bMtlag. It ia pMoibla, tberafera, tbat prolom<i®™ faMtiim at
a wary lew tMparatam la aufflelaat tom I MM all or aam of tha Mtlwa

fImd aamalwa.

Siaca tba aatiwa flmd watonim bM hom fomd to ba ralatad to tba
soil alnaral I1lllta ia Rawallaa aolla, two aaaplaa wltb diffarlag I1l1llta
coataat wara solactad. Standard Zlllta Mo. 33, obtalaad froa Mard®a
Ratural Sciaaca Eatabllahaant laeorporatad, ma alao Imludad for pur-
poma of cm™arlsoa.

To dataralm tba affrnt of tIm of bMtiag on raloMo of mnonlme,
1-grm uatrMtad wbola aolla wara plaead la Fyear ermiblaa aad baatad
la a Mu-55 mffla furaaea at 300® €. for 1, 2, 4, 8, 12 aad 24 houra.
Tha 3000 C. taaparatura ma MIMtad for tbla atudy aiaea awldaaea tbna
far reported (Seatt &, j|,., 1954) iadieatad that tba aatlwe Fixed aaxealtMi
r«miaa uaaffaetad up to a mmitmm tanparatura of 400R 0. Tha aatlwe

flxad mwxmlIm ramlaiag aftar Mcb beatlas period ma daterxtaad by tba

ROBr-HT aathod daacribad la the prawioua aaetloa on tba aatiwa flmd

aaaoalua la RamlIM toils.
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Sftfalift mAMIISsIfVIMSak

Tha affaet of haating aaoplaa containing nativa flxad aononlua at
300" C. for raryi”™ Imgtha of tlea la shown In Tahla 111. Tha raaulta
daiMnatrata that tlow of haating has a anrhad affaet on tha ralaaaa of
natlvn flxad anaonluai. A gain In natlvn flimd wenonltMi oeeurrad In tha
two soli SWwlas, tha aaxiaRia oeeurrisg aftar haatlns 4 hcwra. A
daeraaaa wna obsarved wban tha tlna of baatlag was «xtan<ted. Ratlva
flnad Bwnnlivn of 1l111ta Ho. 35 gradually daeraaaad wltb IncraaalAg tlna
of baatiiHt™ thaaa saaults, 4 boura is usad aa tha tins of boating
In tha followleg aaetien on tnsfNiratura of baatlshg.

TABLE n i. NATZTI PXzZID AINCItIIm (FtM) EBNAIllipn AfTIE UATIMO
AT VAETim UM3TBS OP TIM AT 300" C.

Sanpla 1 2 4 ...».....S) 12 24
1illta Mo. 33 1020.2 1001.5 992.2 978.1 968.7 959.4
MOIAE:},I clay 172.8 191.9 215.3 201.2 187.2 187.2
M:?l;ir?a soil 337.0 449.3 468.0 454.0 430.6 454.0

12-21~
A study waa nada to datamlna tba of tba thsmal ralaaaa

of nativa fixsri annoslun by Il1l1ta wltb ineraastng tM*aratura of baathi™t*
Fron tba lltaratura, nativa fl3/d aanonlm bald as flnnl snnoalm on bmto-
nlta and vamleullta waa feimd to ba atidbla imtll tba tanparatura amaadad
400" C. (Seott Jil_ = 19'M>. Wbatbar tba sana eondltlmo bold trua for

tropleal I1ll1ta or not waa Invnatlgatad.
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Soil horlsoBS contalnlag the largest quantity of native flxsd
aaaocalua dstsmlaad previously were selected for tbs study of tbs thsrswl
relsase of the aatlve fImd aaacalua. Tba soil horISMS la aloost all
cases were surface horlsons represeatlng ths blgbsst ecateat of native
fixed aaaoalua la tbslr respective profiles. I1llltsNo. 36, obtelaed
froa Herd"s Rational Science Establlsbneat Incorporated, was also la-
eluded.

CNBS-graa untreated soil sanplas wsrs placed la Vycor crucibles aad
were heated to 110, 200, 300, 400, 500, 600 and 700®C. for 4 hours la a
Mu-55 electric ouffle furaaee. This tins of haatlng was seleetad because
tbs naxloun recovery of native fixed aasnalua was deaoastrated to be 4
hours la tbs previous section. Tbe total mount of natlvs fixed swwoatua
recalalag la the soil sooplss after each tsoperature of beating was de-

temlned by the ROBr-BF ostbod.

The native FTixed acdWNiltta reoalalag after each teoperatura of
heating la given la Table IV. Tba data ahow that tbe native fixed aaaocalua
eoateat of noat of the aaoples lacreasad with Increaalag teoperatura of
beating with tha ooxloua occurring between 200 and 300® C. Tbe values
obtained after beating at 400® C. were lower tbaa that asasured at either
200 or 300® C. and were approxloately the seas as those wbsn asasured at
110® C. for oost aolla. Tbs aatlve fixed amaocaltni coatmt decreased
drastically after 400® C., dmoastratlag thbs partial themal decooposltlsa
of the 1l111to olneral. Cooplate rsaoval of the native fixed aaaoalua

occurred after beating at 600® C.; however, bonperatures of 600* C. or



TABU

XV. RATtVB PUID AIMOIIUM (PPM) IBmZRIMS OK TUB BAITTU
AVTBI BACK TEMPBBATUBB OP BKATXMO

Sell il IBSk
eerlee 110
Melekel 0-3 215.3
3-20 173.2
Lahalna 0-12 177.S
12-21 145.1
HehlIme 0-15 140.4
Dry 15-25 143.1
25-35 135.7
Peelee 0-4 271.4
4-9 266.8
9-17 248.0
17-25 176.0
Kolekole 4-8 117.0
S-13 140.0
1S-23 145.1
Ms m m 0-12 335.7
12-21 358.6
21-34 307.1
34-46 248.0
Koelea 3-6.3 585.0
Keelau 4-7 388.4
Keelau eley 4-7 748.8

I111te Be. 35

Illte Me. 36 725.4

200

257.4
196.6

238.7
168.5

163.8
163.8
187.2

374.4
360.4
337.0
234.0

163.8
177.8
187.2
402.3
397.8
327.6
271.4
673.9
449.3

776.9

1039.0 1039.0

725.4

300

280.8
182.5

238.7
168.5

107.6
149.8
163.8

388.4
374.4
355.7
234.0
163.8
205.9
220.0
510.1
468.0
379.1
304.2
702.0
477 .4
814.3
996.8

702.0

WA%1mi§46

400 500
210.6  65.5
159.1  28.1
187.2  56.2
140.4  37.4
98.3  14.0
135.7  18.7
117.0  28.1
290.2  65.5
332.3  74.9
266.8  42.1
173.2  18.7
112.3 9.4
168.5  18.7
163.8  20.5
393.1  56.2
304.2 51.5
252.7  37.4
210.6  34.6
673.9 248.0
458.6  163.8
762.8  280.8
725.4 154.4
556.9 84.2
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hlglwr was raqulrad for saoploa prodcmlaaiitly Illltle. Fortor sad
Stowart (1964) alao roportod aa laeraaaa of aatlwo fimd mmpnltai la
soon HHMCI-troatod soils until a tanparatura of 400° C. waa raacbad.
Abova thla tnparatura tba aatlva flanU aanMnlun was lost* Sines thalr
study has not boon puhllahad, thalr aaplaaatlon for tha Ineraaaa In flxad
aanoniua with Ineraaaa la tanparatura Is not svsllisblo.

111Ito Ho. 35 and 36 did not gain in their native flrnd aaaoniun
contmt with lacraaslat taaparature of hostlag aa did tha othsr aoll
aanplos lavastlgatad. A daeraaao la flxad Mnonluail atsrtsd ahova 209° C.
with a drastic decrease occurring above 400° C., duo to tha tharnal de-
coaposltlon of tho Ill1to sinersl.

Tho Inersaao In aatlvo flxod aanonlum with lacrsaalag tmporaturo
of boating cannot bo oxplalnod from tha results obtalaad la thla Investi-
gstlon. Howsvor, an attaapt will ha aada to apoculato on tha aachanla*
of tho Incroaao. Scott (1956) auggaatod tha fTixation of oxchai”o-
ablo aaBsonlun by bontonlto aftor hasting at 300 to 350° C. It nay ha
that this typa of nachanlca is oaa possible explanation for tho Ineroaaa
la nativo find aanonlun with Incraaslag tanparatura of haatlag.

Tabla V show* tha results of the effect of heating on tha tharnal
ralaasa of oxehaagaahla aanonlun la aemo untroatod volcanic aah sells.
Tha rasults show that hasting at 300° C. for 12 hours greatly Incraaaad
tha axehangaahla aanonlun eontant. This laeraasa waa as nueh aa a
hundred-fold la sane aanplea. Porter end Stewert (1964) reported e 3 to
6-fold lacroeao In exehaagaeble snaonliail after heatli'Ni at 250 to 300° C.
for 5 nlnutoa or lengar tUa latarvals. Tha Ineraaaa la axchwmsabla

aanonlun could havo cobm froa tho thomal dacoapositira of tha orgmlc mstinr



TABU v. imCT OF BBATZS8 OR THE RXUA8B Of AMFORIUM (FPIO
OP SOtU DBVELOPKD FBOH VOLCARXC ABB BO1U

Soil gisith TanMratttca-dOKraaa eontlarada
MTIOS in. Xooai tons. (25) 110 300
aMIoIM 0-11 100.8 189.0 306.6
11-21 7.0 25.2 170.8
21-34 5.6 21.0 231.0
54-59 1.4 12.6 121.8
59-65 1.4 9.8 134.4
PohoU 0-7 37.8 74.2 154.0
7-11 : m 112.0
11-18 7.0 25.2 113.4
18-25 4.2 19.6 110.6
25-36 2.8 4.2 40.6
36-39 1.4 4.2 86.8
39-52 0.0 4.2 134.0
52-57 0.0 4.2 119.0
Volkoloo 0-10 33.6 98.0 112.0
10-19 4.2 58.8 86.8
19-27 4.2 35.0 81.2
27-37 4.2 5.6 96.6
37-46 2.8 4.2 77.0
46-55 4.2 5.6 81.2
55-64 2.8 5.6 77.0
Mshooloo 0-10 o 86.8
10-22 aa m 85.4
22-28 m 113.4
28-34 m . 93.8
34-54 m . 74.2
54+ m m 68.6
Volkli 5-11 : m 145.6
11-20 « . 132.6
20-23 m m 121.8
Poaukow 20-46 8.4 57.4 89.6
46-60 7.0 36.4 54.6
60-74 5.6 84.0 60.2
Akaka 12-34 21.7 306.6
34-40 13.4 172.2
40-50 10.9 166.6
50-74 8.7 . 182.0
74+ 8.7 m 191.8



TABLE T. [IFTBCT OF fiKIXMC CM t W HIEINASE OF A19fORt»F (FPtO OF SOILS
DBTSLOriD n m YOLCARIC ASB soils (CoatlBuad)

Soli Towwroturo-dOKrooo contlxrodo
Mrileo In. leoo toon. (25) 110 300
Akolui 0-3 8.1 m 159.6
3-7 7.4 m 256.2

7-15 5.9 m 365.4

15-18 2.5 m 246.4

18-24 4.5 ok 411.6

24-38 2.5 373.8

38-43 3.9 ® 352.8

57-60 2.3 m 120.4

Rile 60-72 1.1 m 161.0
72-80 0.0 m 89.6

80-90 0.0 m 107.8

Rile 12*24 2.1 m 245.0
45-55 2.1 m 134.4

60-66 1.8 m 67.2

72-78 5.3 m 218.4

Eeolau 0-4 m 91.0
4-7 m m 232.4

7-10 m 123.2

10-14 m 126.0

14-20 m 149.8

20-30 m 142.8

304 m 154.0
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realdue, or froM tha tharoMilly rolaaaad native fixed aiwionlue. But fro*
the data In Table 1V, It appears that only a negligible aonunt, If any,
of tha natlva flxad oaeonlua la released at teeperatures below 300* C.

In fact, an Increase In native fixed anaonlun esy have resulted froe the
fixation of tha exchangeable aaskK>nlua released by tha organic fractl<m

on heating. Vhetbar such a phanonanon actually occurs cannot be eon-
eluded from tha results obtained thus far. Thle Is further handicapped
by the fact that the loss of miwnonlun due to heating at any one tanpera-
ture cannot be positively attributed to only tbe exchangeable anoalua.
Any aaoonlue released either froci tba orgaalc nitrogen or Hlllte nlaeral
at tMperatures of 400* C. or higher could aot be asasured as excbai”eabla
asaonlua due to gaseous aenonla loss. This nsbes It alnost lopossible to
ecaaure tbs loss of organic nitrogen la ths fom of asnonlua and of
native fixed aanonlua by the nstbod used.

In order to further elucidate the Increase In fixed asnonlua, tha
native fixed snnonltw remInli”™ after each tenperature of heating was
deteradned on a ssnple free of organic nitrogen and oxchangeabls asnonlua.
Tba 4-7* horlaon of the Koolau soil waa selected for tbla sti”y because
of Its high aatlve flxad asnnnluni content. The aanple was ROBr-treated
and aubjected to the asm tesB“rature treatnaat aa those reported pre-
viously. Tbe data of Table VI show that an Increase la native fTixed
sanonlun still occurs between 200 to 300* C. Tbe sanple behaved alnl-
larly to that (““served la tba original fresh soils except for one distinct
feature— the 1lllte sdnsral appears to be able to withstand a higher
tenperature of besting before ecsiplete deconposltlon occurs. This la

evident at tanperatures above 400* C. wbare a larger oanunt of native
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TABLE V1. NATIVE FIXED AHOtW REMVHIHB AFTER EACH
TEMPBRATOBB CP HEATZMB APTXt EDBr-TtBATMRIT

Beil 110 200 300 400 500 600 700 800

Koolau daf. 64S.8 697.3 673.9 622.4 439.9 1.4  69.5 0.0

fimd iM« AMMired. Tbit MYy be <xe to tbe eddltim of potaeeieB
lona during tba XDBr pratraatemt, aaking tba 111lta ulnaral nore raalat*
ant to tbaraal daceagealtion.

Aa pravteualy raportad, a aubatmtial mmtity of aaeKmiun is ap«
parantly ralaaead frea tba ergmie altregan until a tmparatura of 300* C.
is attalaad. Abeva tbia taagevatura any aaaeaitnn releaaad altbar frea
tbe ergeaie altrs™m m aetive fiaad fora la lest by velatlllsatioa.

Proa tba rasults of tbs axpartaaat repertad above. It Is meertela ea to
wbetbsr tba tberaally ralaaead eri«ile aaaeaiiMi ta actually baing fimd

by tba illita aiaaral at tcatparaturas up to apprmlaataly 30(™ C. er is
balng lost la tbe fora of aaaoala. Slaea tbia obaarvatim la baaed on
only one caafle, tba raaulta ef a few aora exgaalc mttar aad axcbatgaabla

aaaoaitne-fraa soils ara dasirabla bafora aay coaelusims can ba draua.
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Two loddloh Fralrlo ooll proflloo, tho Rulolm oad Pobolo ooilo,
won Mloocod far manonlun flmtloa atitdiaa aftar pnltniMry Isnatl*
gatlona abowad that aa “nelabla awowat of tba addad tmmemivm waa baiag
ntalMd agalaat axtraetloa wltb £ ICI aftar ovaa drying at 110" C.
X-ray anatyala of tbaaa aolla did not glwa any ladleatlen of ocenrraaeo
of my layarad allloata clay nlaarala. SiInllar aolla that flnad littla,
if my, mmanlm wan not Includad In tbla Inwaatlgatlm. A typical
montnorillonlta aoll (Lnaloalal, 1-1S*), 1lllta aoll (Koolau, 4-77) and
a kaolinlta aoll (Molokai, 744) wan also Includad in tbla study for
conparatlwa purpoaa. Gatlm axcbanga capacity and anbanM™6la baaa
data of tbom aolla an glwm In Tabla TXI. Otbar ebanlcal and physical
propartlaa an glwm In otbar oaetlma of tbla tbaola.

Fratraatmnt af tba fmnla and SmantlIm into Sin fncttmigt

Sail aanplaa aftar balag brought back to tba laboratory In poly-
atbylana b~a wan air drlad md paaaad thrai”™b a 20 aaab acram. Kaab
aai™la wm tbonugbly alxad and stand In gallm bottlaa or In poly
otkylaao baga. Apprmlantaly 300 gram of oacb smpla was thm traatad
with £ 1a0A™ buffer adjusted ta pH 5.0 ta raaon soluble calclua and
aagaaslua carbcoataa, aelubla salts md axcbangaabla eatlona. Tba smpla
waa nmt traatad wltb K202 for appronimtaly 1 tfsak to dastny organic
mttar. Tha aanpla waa flltorad, wasked wltk dlatlllad
water, alr-drlad md peamd through a 60 mah acnm hafon halag stond

In air tight bottlaa. Tha hulk of tha orgmlc mttar-raaond aanpla was
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TABU fZI. CATXCR EXCHAMBI

Paatk

0-11
11-21
21-54
54-59
59-45

0-7

7-11
11-18
18-25
25-34
34-39
39-52
52-57

1-15
4-7

3*20

CAKACITT AIR> BXCHAtISIABU

BABBS OP SOXU

C.1.C.

52.24
40.91
47.09
73.41
75.18

34.87
31.74
32.94
39.39
72.74
53.40
41.22
54.42

70.23

8.10

Ca -Mi
M./Z100 a.
31.10 18.00
39.82 20.34
47 .94 21.81
50.21 24._10
48.34 28.49
27.15 13.30
14.29 8.99
18.84 U.oo
23.38 13.05
45_89 23.80
33.75 14.27
25.37 10.79
37.00 14.83
45.18 17.05
.48 .33
3.47 2.51

Ra

1.29
2.19
2.79
3.33
3.81

41

.45
1.17
1.51
1.80
2.08
2.00
2.13

2.44

.24
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Mporatod Into tlwlr olm fractions. Tba aaapla waa traatad wltb aodlon
ditblonata-cltrata ta ranewa fraa lran oxlda following tha notbod of
Jackaan (1958). Tba aaopla waa tbaa dlaparaad wltb 2X RojCOj aad tba
silt aad clay fractlotts wars oaparatad by aadlnaatatIMi aftar raaowal of
tha aaad by vat slawlat tbroogb a 525 naab acraaa. Tha aadlnaatatloo
procaaa vaa continiaad vltb rapaatad vasblag wltb vatar until a wall-
aaparatad saapla waa ebtatoad (Jackaan, 1958). Tbo dafarratad, organic-
mattar-fraa aoll aad tbalr sIm fractions wars air drlad aad uaad for
tbo oubaoquont anparlnntto.

k aachanleal aaalyala of ttn and, silt md clay eentanta of tha
aalla waa datamlnad on anetbar ampla undar tha aoaa conditions glvan
abowa. All fractions aaparatad wars walgbad, aad parcant ylald oa tho
owaa-drlod walgln baala wora caleulatad. Tba raaulta ara llatad la

Tabla TZXX.

Tba proeadura uaad for datoralalag tba aanonlua fixing capacity of
tha aolla was that dowalepad by Alllaon, Daatacb aad lollar (1951) with
aonc aodIlfleatleaa. A 2-graa ample, traatad wltb a known anotmt of
RIgCl la 5 nl. of aalutloa, waa abakan for 1 hour an a raclpracatlag
abakar md left to stand at rooa tanparatura far 12 boura. Tbo aanplas
ware altbar kept nolat, alr-drlad or placed Ui m awm at 110" C. to dry
for 12 boura. Fifty al. of £ IClI vaa addad to tba aanpla tdUcb was than
agitated for 1 hour. Tba aanpla waa flltorad undar auction using a
Bucbnar funnal on a 125 al. Tfiltarioi flaak. Tba aolubla md readily
axebmgaabla aaamlua wm raaowad by waablng vitb £ K1 md aatbyl al-

cohol. Tba aall plus filter paper was tranafarrad to a 100 al. Xjaldahl



TABLE VXII.

Soil
Mrios

RMIoho

Pobala

LMIoalol
Koolau

Molokai

Depth

la.

0-11
11-21
21-54
54-59
59-65

0-7

7-11
11-1S
18-25
25-36
36-39
39-52
52-59

1-15
4-7

74+

OK THE OKCARIC MATTSX-IItEE SAMPLES)

Sand

19.1
16.9
16.4
27.9
28.3

37.4
39.7
30.6
27.3
36.6
33.4
26.1
29.4

2.8
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TIMk and dlgastad wttk 5 graaui alxtura in a ratio
of 10:1t1/2 for 2 teura. Tba dlgaatad aamla vaa tranafarrad quanth*
tatlvaly to a 500 nl. KJaldabl flaak and diIntad to a volum of apprexl-
oatoly 200 ml. Tbo total nltrogan of tho anaenluartreated aanpla vaa
maaaorod hy collaetlIM naing a nodlflad mlcro-KJaldahl ataaa distillation
apparatna. Tha a— ontw ralaaaad hy stean dlatlllatlon with NOil waa
datarmlnad by titration with 0*01£ 12S04 standard solution. A non-troatod
aoll saapla (bImk) waa alao «aslysod undor tha mam eondltions aa ths
anaoaluwtraatad saopla. Tha dIffaranea hatwaan tha total nltrogan In
tha a- ontuM-traafd aanpla and of tha t<M«l nltrogan In tha untreatad

blaidc raprasantad tha <{uaatlty of s~ onlun flxad.

Bttauff

mWIMRIITFl caawittw fif »gUi»
Aa shown In Tsbls VIXX, ths IsddIsb Frslrla soils, SMsly ths

Rsslshu and Fshals sells, haws a wsry low clay contsnt. Ths wsluss srs
lass than thoss rsportsd by Mher Ixvsstlgstors on sinllsr Hawaiian
sells (Houng, 1M4{ Mstsnssks, 1952{ Tsnswi, 1965). Ths hulk of tho
ssxpls la la tte sand md silt fractions.

Qttsstions nay srilss at this point as ts whsthsr eonplsts dlsparsion
was ohtslnsd for thsss soils. Ths ssaiplss wars dIspsrssd in an slkslias
ssltttlen (2% HS2C03) at pH 9.5. C«\Splsts sapsrstlen waa ohtslnsd sftsr
rspastsd sxtrsction with vatar. This nsthod of sspsrstion was ussd la-

stand of tho eonvmtlonsl nschmlcsl saslysls nsthods hocsuss of bottar

dispsrsibllity.
In thsss sells It was fou”™ that sftsr sppsrmt dlsparsion, than

still rsnalasd sggr”stss in ths sand sad silt fractions, Tstrogrsphie
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exmlaatiim ravaalad tom blrafriagmt acNt-dlaparalkla ";gr«gat«« la tha
aaad aad ailt fractlivea. Vkatkar tbla ia tha raault of uaauecaaaful dia*
paraloa ia aot kaown. Tba aggn”ataa vay hawa baaa daatroyad if ultra*
aoale traataaat prior to diaparaloa waa attaaptad aa baa baaa raportad by
Kobo (1944).
rtaatioo of Aaaliad Aaweniyi

Tha raaulta of maaoniuw fimtion of tba uatraatad aoil aaaplaa,
organic mttar*fraa aawplca, dcfarratad aaaplaa and alsa fractions ara
prasaatad la Tablaa IX and X. Tba ratas of RR*CI applieationa wara 10
aad 50 as. aanoaitm par 100 gram aoll, zaapactiwaly. Tba raaulta sbow
that aa a»cb aa a 100X incraasa la mwmonUm fixation occurrad wbaa tba
rata of aaaoniux application waa Imsraasad froa 10 to 50 aa. par 100
graaa soil. Tbia i1a vary avidam aapacially ia tha 25-54** horisea of
tha Pahala sail. A aora datailad coneaatratiaa-dapaadant aaaonlua
fixation study #a givm in a following aaction.

Tha raaulta of thla study ahow that tba Maalabu md Pabala profllaa
bava acaa capacity to rataln maonius against J] KCl axtractiea. Tba
aaouat flxad waa SHwal to or axeaadad tbat fiaad by tba acataorlllooitic
Lualualai aoil. Tbaso aolla, whoa* alaaraloglcal sMka-up baa baaa ra-
portad to ba allopbma aad balloyalta (Houng, 1944), flxad aora anBoaiua
than otbar alailar volcanic aah aolla 1avaatigatad during tha pratiaiaary
atudlaa.

Tha data i1a Tablaa IX aad X abow that maaonlua fixatioa bafora md
aftar hydrogaa paroxlda axidatlm of tha organic natter vaa not aotieaably
diffaraat. In fact, only a aligtid laeraaaa or doeroaaa occurrad ia tha

capacity of the Haalchu md Pahala aolla to fix mamemivm Into aonaxchnga-



TABLE XX. AMMONIUM FUATIOM CAFACITIES OP SOILS SATURATED
vm 10 W./100 GBAMS AMMONIUM AMD OPEN-DRIED
AT 110® C. POl 12 HOURS

untrc.  xogp Oof. Oof. Dof. Oof.
Soil Dapth toil ert. soil oaad ailc clay
Mrloa <0oil
4> __m./L00 a.
Moalohu o-11 A2 .36 1.37 .48 .59 .83
11-21 1.19 1.96 1.96 1.25 1.93 1.58
21-S4 1.49 1.61 2.08 1.55 2.14 1.19
54-59 2.30 2.26 2.98 .60 1.60 1.58
59-65 1.90 2.20 2.65 1.67 3.00 1.42
Fabala 0-7 .30 .36 .48 .18 .30 77
7-11 A 54 .63 21 .36 .83
11-18 .59 .71 .74 A2 77 .95
18-25 1.43 1.45 1.51 1.25 1.37 .60
25-36 2.97 = 3.15 4.19 3.09 3.98 2.50
36-39 1.84 2.26 2.08 1.07 1.55 1.55
39-52 71 .60 .83 71 .62 .71
52-57 1.07 .87 RS 1.01 1.07 1.31
Loalualai 1-15 2.32 1.37 m - @
Koolau 4-7 2.50 2.91 3.93 - © 6.90

Molokai 74+ .30 m m m & .21



TABU X. ANNOKIDM rXXATIOR CAPACImS GP 801U 8ATQIATXO
VITB SO M_./100 GBAN8 A»MXI10K AHD OVBR-DIUD
AT 100® C. POR 12 «»R8

uttrt. w202 Daf. Qaf. Def. Def.

Soil Depth aoll trt. soil aand allt clay
<orUo IMII

la

Mmlohu 0-11 1.19 71 1.55 1.01 1.19 3.75

11-21 1.96 2.50 2.86 2.74 2.91 3.15

21-54 2.44 2.44 3.51 3.15 3.69 3.33

54-59 547 4.94 5.95 1.17 3.15 4.46

59-65 4.10 4.11 4.88 4.94 5.56 4.16

PahaU 0-7 42 .45 .65 A2 .59 2.26

7-11 .49 .65 .89 .59 .60 1.90

11-18 .74 .83 1.43 .83 1.13 1.90

18-25 1.78 1.61 2.44 1.96 2.06 2.02

25-36 6.48 b5.71 7.91 6.84 7.38 5.59

36-39 3.27 3.15 3.57 2.26 3.03 2.97

39-52 95 1.13 1.55 .95 1.31 1.67

52-57 1.31 1.05 1.61 1.13 1.31 1.78

Lualualai 1-15 5.71 m m © - 6.78

Koolm 4-7 2.76 2.44 3.03 - n 9.93

»tolokal 74f .63 m & m m 39
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able fon. Tbla Inpllaa, at taaat for thaaa aolla, ttiat mmcfalum fixation
it not dua to tha raaetlon of anaonivm with toll organic nattar. Fraa
Iron ranoval tncraaaad tba anaoniura fixing capacity to sons oxtent. Tha
oost netlcaabla ineraasa oeeurrad ~aln la tha 25-56** horiton of tha
Pahala toil, oaea again daacaatratlag tha high fixing capacity of thla
particular horlaon.

Tha aaaonlun Fixing capacity of tha dafarratad aiaa fraetiona of tha
ffaalahu and Pahala profllaa ara glvan in Tablaa IT aad X. In aach eaaa,
annonlun fixation by tha aand, allt and clay aiaa fraetiona 1a thown.
Hara, too, tha hlghaat fixation occurred In the Pahala (25-36**) horlaon.
Tbha Naalahu (G9-65**) horlaon also had a high aoMBonlua fixing capacity.

In both eaaas, tha silt fraction had tha hlghaat fixation, followed by
the sand and clay freetlons, respeettwely. The nature of the mlnaral (@)
fixing aananluat In the Neelehu end Pehele profiles will be detemlned end
discueaed in e following section.

In the eryetelline soils, the highest fixstion occurred In these soil
horlaocoa that were predowtnently Illitte (Koolau) wad woatworlllcmltic
(twaluelal). The keelin soil (Molokel) did not fix such swnonion.

AMtMIuiLZtMtion of goil SsMratea alter WoXttealBg™Sm -~

Since oely the aweniuai fIMtlon of the sell eeaiplee after avmn
drying et 110 C. fer 12 hours was dotaradnod, a short atudy waa wads to
datoradna tha anount of fixation under aailateaing and sun-drying condi-
tions. The send and silt frectiona of the Haaleln (59-65**) aad Pahala
(25-36"*) horlBons worn soloatod. The clay fractions, though deairablo,

could not he deterodned due to inaufftclent anount of the sanple. A
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montnorllimlelc (tualualal, 1-1S*) clay aaapla waa alto atudlad. Tha
raaulta of tha laboratory aaalyala (Tabla TI) abow tbat tba Naala”™ aad
Pabala aolla fIMd 1.49 md 1.58 aa. par 1(K) graaa soil for tha aaad
fraetloas aad 0.79 aad 0.54 as. par 100 grams for tbha allt fractions,
raapactlwaly, uadar nolat eocadltlona. Amacaltna fixation vaa further la-
creased after aua-drying and ovaa-drying.

Tabla XZ alao abowa tha aanoalua fixing capacity of tho aaaplaa
aftor dlffaroatlal dlaselutlaa aaalj™la (d.d.a.). Tba hlghaat waluaa

ware obaarvad la tba silt fractloaa of both soils aad aftar d.d.a. traat-

aaat.
T4ILB XX. AMHWXUN yXXATIOM CAPACXTXIS OP 8IMSATSS
SATOXATED WITHi SO IC./100 G. AMHORIUM APTIt MOX8-
TKWII8 , SUM-ORTHIO AMD aVBM-ORYXM AT 110" C.

Soil Moist  Sua-drlad Ovaa-drlad
Sarloa Ia 1. =
- aa./l100 X.

Haalahu 59-85
aaad 1.49 3.21 4.94 3.82
allt .79 2.20 5.65 6.44
Pabala 2S-H
aaad 1.58 2.97 8.84 8.92
silt 54 2.02 7.38 9.16
Lualualal 1-15
clay .43 m 8.78 <

*pbafora diffaroatlal dlaaelutioa aaalyala
4aftar diffaroatlal dlssalutloa aaalyala
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Tha aisieoltai Tixing capacity of aooc of tha soil horlsons (Tsblos IX
sad X) wars af aufflclaat aagnltnda to warrant furtbar study. Tbs NasUbu
(39-63"), Pabsls (23-36" sad 32-37""), Lualuslsl (1-157), Keolsu (4-77)
aad Molokai (74™f) horlsons wars salectad to study thalr eoncaatratloa da*
pandant aanoalua fixation. Tha a— onlun fixation dotornlaatlona Involv-
ing applications of SH*Cl at various aaouata la 5 nl. of aolutlon par
2 gram soil mra mda on tha untraatad 1~1a aoll, organic mttar-frm
aoll, fraa Iron oxida-rmovnd soil, aad thalr alas fractions. Tba ra-
sulta of thaaa dataralmtloaa ara listad In Tablaa X1Z to XTIl. Tbo data
show that tba aoll borisom, with tho axcaptloa of tha kaolinlta (Molokai)
borlaea, hava a high amonlun flxlag capacity. It will ba notad that a
largo parcantaga of aanunlua appllad at tho lowar rataa waa flxad but
that tha fixation capacity ma not aatisflod wban thbo KH*CI was appllad
at tha rata of 10 m. por 100 gram of aoll which haa baaa tba awouat
uaad by Bowar (1950). Fixation capacity for tha Maalabu aad Pabala
borisotts was wlrtually satlaflad aftar addition of 50 to 100 m . aamnluai
par 100 gram soil. Data on tha anemts of amonlun flxad by tha otbar
soil aanplaa ara also glvan la Tobias XV to XVZI. At blghar ratos of
RHACI addition, fixation capacity gradually daeraaaad. Tbla pbsnomnon,
<bown graphically In Flgura 8, ravaala that a algnlfleaat daeraaaa la
flxad mm ontun oeeurrad la virtually ovary soil horlson aad aaparata In-
vastlgatod aftar tha 50 m. rata waa axcaadad. Possibly the fixing sltaa
on tha soil nImralolds ara aombow balag bloekad, prosumbly by som
salts balng formd at high aanonlm coacaatrationa. Otbar axplamtlon(a)

ara warraatad, but furtbar uerk la naodad bafora any coneluslona cm ba



TABU XII. COHCEimATiaN DBPBHDSMT AmONXOM FXXATION
OF A NAAUBU (39-65**%) SOU.

Cone. HN4 Dttot.  BFIOj-trt Dof. Dof. Dof.

04404 ooll =oil «oil _ B«N« -lit
m0._/100 a. m.yiO0 a.

5 1.25 1.43 1.35 1.01 2.02

10 1.90 2.20 2.65 1.67 3.00

20 2.97 3.33 4.10 3.39 4.58

50 6.10 4.11 4.88 4.94 5.65

100 6.05 4.40 5,35 5.00 6.01

150 3.81 3.99 5.29 4.94 5.77

200 © 3.45 5.00 4.46 5.30

TABU XXI1. CdAfCBNTXATION DBFEHDENT AIMONIOM FIXATION
or A FAHALA (23-36*0 SOIL

Cone. N84 ONKrt. HjOj-trt Dof. Dof-. Dof.
«oil «0il BOi11 Mil Mil

M./Z100 X. no./100 a.
5 1.78 2.26 2.32 1.72 2.26
10 2.97 3.15 4.19 3.09 3.98
20 4.82 4.70 6.19 5.12 5.83
50 6.48 5.711 7.91 6.84 7.38
100 5.95 5.53 7.79 6.96 7.62
150 3.1s 4.94 7.38 6.60 7.32
200 4.46 4.34 6.66 5.53 6.07

CI0T
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Dof-.
cll
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2.50
4.64
5.59
6.66

m

6.54
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TABU XXV. COHCKMTBATIGR DKPBIDIHIT AMHXFIUM rXXATZCM
or A PAHAU (52-57*") fOIL

Ceoe. mig ottt H202-trt. Daf. Def. Def-. Def.
added aeil cll =cll Md elit =lav
M./Z100 a.
5 .45 .65 .83 77 .83 1.19
10 1.07 ..87 .89 1.01 1.07 1.31
20 1.13 .95 1.25 1.07 1.13 1.42
50 1.31 1.05 1.61 1.13 1.31 1.78
100 1.01 1.01 1.43 1.25 1.25 2.14
150 .95 .95 1.31 1.19 1.19 2.02
200 77 .89 1.36 1.17 1.13 1.90
TABU XV. CORCBIITXATZOB DXPOIDBRr AMMOMIOM PXXAT€OK
OP A LOALOdUX (@-15) BOIL
Caoe. mu Oatr. BjOj-tirt. Def.
=cll cll
m .7i00 a. M.Z100 a.
5 .95 .95 m
10 2.32 1.37 m
20 3.69 1.84 m
50 5.71 - 6.78
100 5.65 2.85 10.23
150 5.53 2.91 11.90

200 541 3.21 11.84



TAIU XVI. COHCENTRATICH DXPBRDEMT AFITSMIUM PDCATIOR
OF A KOOUU (4-7*0 SOIL

Com . Rig Qatrt. RgOj-trt. Oaf.

«4404 aoll <0il
M.Z100 a

5 .95 2.79 3.15

10 2.50 2.91 4.90

20 3.03 2.85 10.23

50 2.76 2.44 9.93

100 2.47 2.14 8.98

150 2.50 2.08 n.rt

200 2.38 1.9 8.21

TABU XVII. COHCBRTRATIOR DKTKRDKRT AMFORIOM PIX4TIOM
or A MOLOKAI (744<*) BOIL

Com . RR. Ibtrt. RjOj-trt. Dof.
<oil <oil clay _
m.yiO0 a. M./Z100 a.
5 .30 m .15
10 .30 m 21
20 41 - .33
50 .45 m .39
100 .83 m A
150 55 m -
200 .30 - .33



oo
he 7 22 Q e

NH4CL ADDED, me./100g. soil

t. THE EFFECT OF AMIOHIDM CCBCEHriATIOII OK AWmiON
FXXATXOI. TIB SAWIJI8 AKBt A, FABAIA 25-36'; », MAAIBIiU
59-65*°J C, FAHAU 52-57/~*1 D, LBAUIAUIl 1-15"; B,
EOOLAU 4-7"; F, MOLOKAI 74f"
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T9, ChMBtcal and Mtaaralqitcal Studiaa of Sotla

Thia study wia and* to dtetonaim tba ebaadeal and eiaaraletieal
propartiaa of tte Saalabu aad Pabala aolla and to datanlaa tba alaaral(a)
flxiat aaawalua. Tbraa aall borlacaa, Pabala (25-38**), Raalabu (59-85**)
aad Pabala (62-57*0, rapraaatttlag blgb, lataraadlata md lav mawalua

fixing eapaeltlos, raapoctlwaly, vara tborot“bly lavaatlgatad.

Hathoda

Tha proeadura uaad by Dr. Tid(.aebl Kataura of tba teatltuta of
Taebaelagy, T~yo, Japan during bia atay at tba Dapartnaat of Agrmmqr
aad 1oll Selama, telvaralty of lawali, la 1981 vaa folloued, 81C",
T102, PajOy, Ca0O md WwgO vara dataralaad aftar HagCOj fualoa; MiO, P205,
VojO aad K20 aftar H~I112S04 dlgaatim. Alg0j ma ~talaad fraa tba dIf-
faraaca batwam 83" oxI™a of Irm, tltaalua ai”™ pboapborous.

Slllea vaa dataralaad gravlaatrleally aftar dabydratloa wiltb RCI,
RjOj was praclpltatad wltb maonla la axcasa of maoalmi eblerlda froa
wbieb P0203 aad TIC™ vara dataralaad by tba ortbopbamatbrollaa aad by-
drogm parmlda aatboda, roapactimly. Calcltai was jnaelpltatad as
ealeiua oxalata aad tltratad wltb atmdard aolutlm of petaaaiaa par-
aaagaaata. Kkg™Malua waa praelpltatad aa aagaoslua phoapbata, Igaltad
aad walgbad aa aagmaiim pymp)»*>pkHita. Dm vana&mol: ;e aeld aatbod
for pboapborous, parlodata aatbod for aMuqg;moao aad tha flma apaetra-
photeaatrle aatbod for potaaalua and aodlua vara alao uaad.

Prior to 1II22C03 fualoa, tha aanpla waa lipaltad aftar ovaa-drying to
obtain tha loss oa Ignition (LOl). Tbo aaapla prior to RV-BySOg digsation

waa also lgaltad to doempoao oi”“mlc aattor.
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Tbs cation oxchango capacity of tha soils and slss fractions was
dstsraiiisd hy ths standard £ IRtgOAe nsthod. Ths snnoniun was displscsd
with 4% BCl. Ths displscsd snnoniun was dstsralnsd hy distillation with
HsOR using a nlcre stsM distlllIstlon apparatus sad suhasqusat titration
with standard solution.

Only tho oxehsagesblo haaos of ths uatrsstsd soil woro dotorninod.
Cslclun was dstsminsd as eslclun oxslsts and tltratsd with stsadsrd
potssslun psmsngsnsts. Magnoslun was dstsmlinsd as tho lgaltsd nag-
nsslun pyrophosphsts. Ths flans spsctrophotonstsr was ussd to dotomlao

sodlint sad potaosim.

Tho cation onchoago capacity dolts wsluss of tho doforrstod whols
aoll, sand, silt and clay frootlons of tho Naslohu and Fahala proflias
wars datsmlmd by tha nsthod proposod by Aonlns and Jackson (1959) with
tons nod Iflestloas. Cation catehango capacity was dstsmlnsd by ths
standard £ HRgOAc nsthod Instoad of tho £ Ca(QAc)2 nsthod suggostod. Tho
annenlun rslossod ms eelloetod using a nediftad nlere KJsldahl ataan
distillation apparatus. Tbs tnnonlun was thm dstsmlnsd by titration
with a standard acid solution.

SUtiXFiuffl MenlvuvB _AULITU

Tho preeoduro dsacrihod by Hashinoto and Jackson (1958) was ussd as
a naans of dotomlniag ths anorphous content and of purifying tha toll
egparataa. Only tho doforrntod, organic nsttar-frss soil, amd, silt and
clay fractloBS wars analyssd.

Aa owan-drlsd 100 ng. snspls was hollsd far 2% nlautaa la a niekal

cruclhls eontalalag 100 nl. O.W NaCH. Tha aalutlon waa Innsdlataly
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cooled and ceatrlfuged le e 100 el. polyethyleM tebe. Tifty ml. of the
aolutIMi wee treasferred to e 100 el. voleMtric fleek frooi which allguete
were taken for detorwlnetlon of eluwinun and eilice. Slllce wee deter-
wined by the awwonlua-nolyhdete awthod (Jeekson, 1958); the elualnua wee
detemlned by the elunlnow-ecetate wethod (Hen, 1°3). The Klett-Stnaeerson
photocolorlneter wee ueed for both malysoe. The realdne unaffected by
thla treetaant waa ewcarcd on a glaas alldc and analysed by Z-rey diffrac-
tlhom.

K.

X-rey anelysla vae ueed to detemlne the eoll nlnerala reeponalble
for aweonluw fixation ueing e Rereleo X-ray dlffractooetar with copper
1™ redletlon end nickel filter. X-rey anelyeie wee detemlned oa the
leee then 2 alcron fraction after poteaaliai aiid aigoeelua eeturetitm.

The potesaiua-setureted seaple wee oriented <m e gleaa elide aad heetad
to 110, 350 and 550® C. Tha aagnaaiua-aatureted alide waa glycolatad by
peraittiag tha altde to equilihreta iIn aa othylaaa-aaturatad ataospharo
at 70* C. for 2 houra.

Tha aand and allt fraetiona wara run aa a powdar la an aluainoa
holdar. The also fraetiona wera furthar run at a aaaar on a glaat alide
after differeatiel dlaaolution snelyele.
aiftitBtAtl. lamniiid .. Aftilialit

Differeatiel themal eaelyeis wea run oa tha dafarratad, organic
Mtter-free cmd, ailt aad clay fraetiona of the Reelehu (B59-65**) and
Pahala (25-36** and 52-5/**) horlacoa. The aaaplaa warn ground to paaa
through a 100 aeah eleve end evm-drled overnight et 110® C, prior to

thia eaalysie.
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A 0.4 gr«i Maplo and =« CIMinMIly iwirt almiWHi oxld* stthj«et4d
to = toaporotvro laemooo of opproxUMtoly IS par xiouta, froa roeai t«a-
paratura to 990® C., during vhleh tlaa tha galyanoadc raadlaga wara ra-

eordad at 1 alMita latarmla.

Orgaale aattar»fraa, dafarratad whala aolla of tIM laalaha aad
Pahala profllaa vara hMitad to 110, 200, 300, 400, 500, 400 aad i0O® C.
In platIntM ervelhlaa for parioda of 24 houra la a Mu-SS aaffla furaaea.
Tha aaaplaa wara haatad to a ti™l tmparatura of 10000 C. for 4 houra.
Tha parcaat walght loaa waa ealaulatad oa tha baala of tha oraa-drlad

aaapla (1108 C.).

ITFVIIT 944 PASAHAM
>*rdy, #n8 FiiCTKiApMFe I6Hidii«
_totjMAJNiU*

Tha Maalahtt aad Pahala aolla wara mal Jaad by Z*ray diffraction to
dataralao tha mlaaral(a) raapaaalhla for aawowluw fixation. X-ray dif-
fractlaa diagraaa ara glwaa la Pliptraa 9 to 12. Tha prlaary alnaral aoat
frasuantly appaarlag la tha aaad aad ailt fractioaa waa tha faldapara.

Ho mlataaca OC any layarad alllcata alaarala vaa owldaaead la tha amd
ead silt fraatlaaa. Howawar, a (KI0) (hkl) raflactlea band aoor 20® g
coaalatoatly appoorod la awary borlacoa axMdaad. Thba lataaalty Ot tbla
l1laa appaarad to bo rolotod to mmemium Flxatloo. Tbla la adVit awldaat
la tha Pahala proflla vhara graat chaagaa la aaaocalaa flxatlaa wlthla
tha proflla axlat. Thla ralatloaahlp doaa aot apply to horlaeaa whara

layarad alllcata ai”“rala cm ha ldaatlflad.
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DIFFRACTION ANGLE (26)

Fleets 9. P(VMHatID X-1AT OXFFSACTIO1 DtMtUIS GPTW DmttATBD,
ORFIAEIC MITTBt-nXB MALEBI FtOnU



40 30 20

diffraction angle (26)

r200X1 10. rOVDBXXD X-XAT DXTntACTIOR DIMVAMS
or TUB DBFBHATBD, CREAVIZC NATTEX-
NXE FAXAU pxoriu
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DIFFRACTION ANGLE(29)

FXFILKE 11. X-KAT DXFFIACTZai DZAHXAFS m SOUS. DXAmM A TO H AXE
TROSB OP THE RAAIEBO 59-63” «»ZZOR (8CAUI PACTOKt 2-1-6)t A, PO-
TAFSION-tATOXATBD, 9.0cM TEMFB»ATOKE| B, MOIESZUM-BATaBATBO,
OLTCOATBSt C, CUT, KPORE D.0.A.; D, CUT, AFTEB D.0.A_F
B, SZLT. BBPOKK O.D.A.s P, SZUT, AFTEB 0.0.A.t 6 . SAND,

BEFOXB O.D.A.; H, SAND APTIK D.D.A. X BEPBESSNTS A
EAOLINITE CUT (8CAU PACTOKi 4-1-8)] J, A

MOHTNQRILLOMITB CUT (SCAU
PACTOBt 8-1-8)
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DIFFRACTION ANGLE (26)

WmmM 12. X-RAY OXFFRACYXOH DIAGRAMS OF tM 25-36** BORXZGM GT YAIE FASAU
son.. TBS DZAGXAMiI AXE: A, TOTAiISZOM-SATtSAnD, ROOM T»ffBRATOREt B,
MMaiSENTIM-RATUIATID, GLITXMJTEDt C, CUT, BETORE D.D.A., D, CUT,
ArrSR D.D.A.} t, SILT, IErCIS D.D.A.} F, SILT, AFTU, D.D.A.,

G, SABD, I»ORI D.D.A.} R, 8AIG, AFTER D.D.A.
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Ottwr aliMrala presmt la the saad and allt fractloaa vara furtbar
idaotlfiad under tba petregrapblc aleroacepe. Tha prlaelple Biaarala
praaent in thaaa aolla were feldapara, wltb Inclualona of apatite and
mognetltaa, volcanic glaaa, plant opal, olivine, pyreaenea aad blre-
fringent nen-diaperalble aggregatea of eeatbered glaaa. Conblaatlona
of theee adnerala varied fron horiam to boriacn. Tba ailt fraction of
thaoe aolla appeara to be quite alnllar to ita cerreapondlng aand frac-
tion. After careful enanlnatlen of each borlaoa. It becaee evident that
tbe annonlun fixation In tbe aand aad allt fraction «ea related to tha
aaount aad lateaalty of tha blrefriflgence of tha non-dlaperslble aggre-
gates of weathered glaaa. Tbs ldentity of tbla Mterlal, however, la yet
unknown. It la tbla naterlal that la bellaved reaponalble for tbs (020)
(kD) reflection band detarninsd by X-ray diffraction. Tbe latenalty of
tbla line eleo le cloeely related to the eaeunt end Intenalty of tbn
blrofringnat naterlal. Tba graataat anount of tbe highly blrefringent
eggregetea occurred In tbe 25-36** horlaon of the Pebale eoll where en-
menlusi Fixation wee alee the greeteet. Only e few glaaa eberds, feldepara,
plant opal aad pyroxanna ware praaaat In altbar tba aand or silt fractions.
Creeteat flxctlea occurred la tbn allt fraction of every borlaca. Tbla
eppeare to be related nore to particle elae tbaa to coaposltlon elaee
tbe conpoeltlen of the aend and ellt frectione le alnllar.

Rerlsoaa Intaxncdlata la thalr capacity to fix iunaalun contained
nore feldaper, volcealc glaee, plant opal end laaaar aaounta of the
blrefringent naterlal than tha 25-36** bmrlaon of the Pebale sell.

The O-11** horlaon of tbe Naalebu cell representing a horlaon whara

fixation waa axtranaly low was studiod under tba petregrapblc nleroscopc.
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Tha sanpla conalatad primrlly of plant opal which constituted mors thm
half of tha aanpla, volcanic glaaa and faldspara. Tha anount of blra-
frittant matarlal In tha smd and silt fractions was axtranaly low. Thla
accounts for the low aanoaiun Fixation la this horlton. Tha saguanca of
waatharlng of tha volcmlc glaaa waa elaarly aam iIn thesa yousg, par-
tially voatharad horlcons. Closer axamiaatloa ravaalad that tha hlra-
fringaat mtarlal could ba seen as patchy spots within tha glass grains,
tha anount varying from partlda to particle.

X-ray diffraction and patrographlc mlcroacoplc Invaatigatlona ra-
vaalad that amonlun fixation in tha sand md tilt fractlona waa dapandant
on tha anrnmt and blrafrIRgmca of tha waatbarad glass which gives an
indication of tha dagrca of wcatharlm of each aoll horlson. Thaaa
obaarvationa auggaat tha axlstanca of burled borlsona, particularly in
tha Fahala profile vhara a vtda variation la aiaaral waathariiN( axlats.

1yy .glc.CT.Bb»

Tha denlnmt conponant of tba clay fraction was ganarally anorphoua
to X-ray diffraction with tha axeapclon of halloysita la sons horlsons of
tha Pahala toil. Walthar the glyeolatad, nagnaalua-aaturatad aaapla nor
tha potasslun-aaturatad, tharaally-traatad aanplaa gave any iadlcatlm of
elnarala capabla of fixing aanonlun. Powdarad aanplaa of tha clay
fraction also ravaalad a (020) (hkl) raflactlm band (Flguraa 11 and 12).
Thla taada to Indicate that tha sand, silt aad clay fractlona of thaaa
soils hava about the sane conposltioa.

DiffardntUl DiMdution Aocalvala (d.d.a.):
P> to tha high aanonlun flxatlm capacity of com of tha horlsons

af tha Naalahu and Fahala aolla, dlffarantlal dissolution analysas vara
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coiiductad oa tiaroo ooloctod t»risoM roproHntlag dtfforoiM «MBoalua
flxlag capaeltloo. Tbo Pabala (25-36**), Haalabu (39-65**) and Pabala
(B2-57**) horisoaa, rapraaaatlag blgb, lataraadlata and low aaBoniuna
flxlag capaeltloo, raapactlwaly, wora aalactod for tbia atudy. It waa °
aatlclpatad that tho ldaatlty of tba highly blrafriI”~mt aoa-dlIsparalbla
aggragatas raapaaalbla for tha flxatloa could ba dataralaad by Z-ray
aaalyala aftar alaaral purlflcatloa. TIm Z-ray dlffraetioa pattaraa
aftar tha diffaroatlal dlasolutloa aaalyaaa ara glwm la Flguras 11 aad
12. Tha (020) (idth) roflaetloa llaa raaatnad proalaaat daaocoatratlng
tba atablllty of tha emmoahm flxlag soil aatarlal. Patragraphlc
axmlaatlcm of tbo aaad aad allt fractloaa aftar thla traatmnt waa aot
difformt froa that datoralaod aarllor <m tba untraatad aaapla.

Tabla XT111 abowa tbat eaaaldarabla mouatt of alllea aad alwalaa
ara dlaaolwad la tba borlaocaa atudlad. Saoo ralatlonablp batwoaa oa-
ooalua Flxatloa aad aaerpheua notarial eoataat la abowa— tha lowar tha
aatractabla alllca and aluadlna eoataat, tba graatar tba aononlm fIxliqi
capacity.

A highly algalfleant corralatloa (r = 0.824**, df - 8) was obtalaad
whan tho oxtraetabla alllca aad alualna centam; (Tabla XTIXI) waa cooparad
agalast tba catIMi axcbmga capacity delta valuaa of tba omo herlsoaa
(Table XX2). Tbia abowa that aaaw ralatloaablp axlata batwaaa tboaa two
ootbods of aaorphoua aaitorlal dotaralaatloa.
ailfermtlal TharwaV Aaalvla aad Pabrdrattait Curwaai

DIfforoatlal thoraal analyaoa waro <totaralaad oa tba aaad, allt aad
clay fractloaa to furthar cbaractarlxa tha alaaroKs) fixing anaoolua.

DIffaraatlal thomol eurwaa for tbraa borlacaa ara abown In Flgura 13.
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Soil
-.mrloil...

Itoolobu
dof.
«00d
ollt
eloy

Pokola
dof.
<ond
allt
elUy

Pohalo
dof.
<oad
lit
clay

Litolaoloi
cloy

Koolou
cloy

Molokol
eloy

Dootl 1
la.

59-65

25-56

52-57

1-15

4-7

74+

8109

24.
19.
25.
23.

~NOoOoNO

20.
17.
16.
20.
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2S.
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26.
20.
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OEO\I
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40.1
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TABLE XXX. ALLOPHANE DSTEIMITIATIOH GT BOILS
BT CATION EXCHANQE CAPACITT fVSITA VALUE

Sell Depth 2X MegCOy ReOAN
serlee treated p8 3.5 Avalae
le. treated
Q) ®» -
ReelelM 59-49
def. 92.6 77.1 15.5
aead 90.- 73.8 17.0
eilt 100.6 84.8 20.8
cley 116.4 92.3 24.1
Pehele 25-36
def. 97.7 63.4 14.3
seed o m o
ellt 95.5 78.7 16.8
eley 106.5 62.= 23.7
Pehele 52-57
def. 99.4 63.0 36.4
send m m
aiu 5.5 55.1 30.6
«uy 130.4 80.6 49.6
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PAHALA SOIL
25-36 INCHES

NAALEHU SOIL
59-65 INCHES

PAHALA SOIL
52-57 INCHES

PXCORB 13. DZFPIUINITIAL THBIMAL CURVES OT TIS SARD,
SILT AH) CUT PRACTXOIS OT SOILS
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Tha brosd andotharaiic paak batman 100 to 200® C. la charactarlatle of
allopbana and adaorbad mtar. Tba affaet of adaorbad mtar ma ali-
mlnatad by ovm drjriag tba OMpla at 110® C. iot 24 baun bafora tba anal-
yala. Aa aadotbande paak batmaa 535 to 5500 C. ma obaarmd far all
tha aoll fraatiocaa. Tba aaayaatrla mdmbaraie paak at 5350 C. of tto
clay fraetloa ot tba 52-57** borlaoa of tba Pabala aoll la that of balloy-
elta. Thla waa coofiraad by X-ray aaalyala. Tba indotbaralc paak at
535@ C. for tba ailt at™ aaad fractioaa of tba aam ampla amt probably
la balloyalta.

Tha idaatlty of tha adaaral raapmalbla for tba broad, roi»d aado-
tharalc paak at 535 to C. la gaaatloaabla. Tba paak doaa am bam
tha faataraa cbaraatarlatlc of tba kaollalta wlaaral. Howamr, ebaractar-
latlc aadotbarale paaba of vary smll amomto of balloyalta, if praamt,
amid bam bam aaalml by thba affaat of otbar mdotboralc raaetlma
oeenrrlat «t aboat tha aam tmpamtara* Tba aadotbarale paak ~ a am
eorraapeod to my allleata ataarala aapabla of fixlag maoalua.
Apparaatly, tba adaaral la of arnb flaa partlelaa that tbaraal dacaapoaltlim
oecar at a cooaldarably lowar tmparatura.

Plgara 14 abom tba dahydratlm aarma of tha dafarratad, argmlc
aattar-frm vbala aoll of tbraa amplaa. A aoMaorlllmlta aad kaatlaita
dahydratlm curva ara laclodad for purpoaaa of imparlaca. Mo ladleatlm

of layarad allleata alaarala la awidmt from tba dabydratlaa carma.

Xafrarad abaerptlm apactra of tha amd, ailt and clay frmtlma of
tbrm barlBona mra obtalaad with a baataam XRS5 lafrarad apaatropbotaaMtar

ttalag praamd KBr dlaca. Tbay ara abom la Plgura IS. Tba pmka
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appurlng at 2.9 aad 6.2 nierona ara dua to (M groups, tha broad paak
batman 8.5 to 10.5 aicrona ia aalnly dua to 81-0 bonding aad paak at

11.0 nlerma la tha 41-GH bonding, a paak charactarlstlc of Moataorlllo-
alto, kaollnlto and Illita. Asotaking tbat tha lafrarad absorption
apoctraa of tba sand, allt and clay fractlona of tho 52-57" berlsoa of tha
Pahala aoll aro that of holloyolto, at dotarmlnad by X-ray diffraction

and diffarantlal thamal analyMS, It la difficult to obaorvo any dIf-
forancaa wbaa thasa apactraa ara coaparad against thoaa of tho also
fractlona of tbo othor two soil borlsono. Soon of thoaa apoctraa ara
slwllar to tho ollopbano pattoma raportad by Houcg (1964) aad Tama

(1965)

Total cbmleal aaalysas wars carrlad out on thbo doforratod, organic
mcttar-fraa wbola aoll, sand, ollt ond clay fractlona of tbroo ooll
borlsons and tha raaulta axpraaaad on tho ovan drlad baala ara llatad
in Tabla XXX. Tba data abow tbat no apparant dlffaraneas mlat anong
tha dafarratod, organic mttar-fraa vbola aolla of tbo tbroo oooploa
anolymd. Tbla obaarvatloo alao appliod to tha aand, allt aad clay
fractions. Howavar, wlda variation In mgaooim and calclm eontanta
vara obaarvod batwam tha dafarratad, cnrganlc mttar-fraa wbola soil aad
thair also fractlona. Tha rasults of tbo nagnoolm eontoat aro Ilctod
in Tablo XX.

Tho dots shew that awat of tbs mgaoalm la la tbo sand fraction,
with tbo oxcoptlon of tho 25-56" borlaon of tho Pobalo aoll. Tbo aaig-
noolm contont of tho cloy fraction docroasod with daemaalng amonlm
fixation. This woo tho rovoroo fron tho rosulta obtalnod In tho aocad

froctlon, wboro am onl m fImtlan dncroaand with Immaslng nagnasim.
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TABU XX. TOTAL MAGIIXSIim COITXHT OP SOZU
AMD THBZX SIZE PXACTZOIS

Bell Def. Def. Def. Def.

Seriee Depth Whole Seed Silt Clep
JteAL

3 Pehele 25-36 2.74 3.19 3.60 1.21

3 Reelehu 59-65 3.64 6.24 1.90 .90

3]1]1? Pehele 52-97 4.16 6.59 3.42 .68

Re etteept wee wade to eeleuleto tho etrttcturel fonmle of tho
materlal fixing eenonluw fron the chewlcel date beceuse wlnerel puri-
fication wea not done prior to the enelyale. However, the data ehow at
leeat one pointi no ohvloua relatlonahlp la aho«A botweea tha choadeel

cea™oaltloa of tho OMg»lea and thalr capacity to fix anwonluw.

The cation exchaaga capacity of the whole eoll, ergenle aettor-free
eoll, deforretod eoll end alM freetlone of tho Reelehu and Pahala pro-
fllaa aro llatod In Table X€El. A general deeraaae In cation exchengo
capacity for the aurfaee horlcma occurred after organic nattar ranovnl
by bydrogon peroxlda oxidation. However, e enell increeae In cation
exchengo capacity wea noted for the lewor Irartsona. Oeforretlon groetly
Increased cation exchange capacity, eapeclelly in horlsonc having high
cation oxcbengo capacity. Very high veluea were obtained for the aead
aad allt fraetiona of thaae aolla. Thla la ccmtrary to tha aeeaptad ldoe
that cation oxchaaga capacity la very lew In the send fraction of colle.

Closer exaalnatlon revealed that cation exchange capacity wee cloeely



S10j
P«203
Al203
T102
C«0
t%0
B20
NsjO
PyOs
HaOj

Total

SI10t
A1203

IsLt
45.59
11.01
21.72

2.04
1.87
3.64

.15
3.54

17

10.70

100.46

3.56

TAILX n i.

CBSMICAL COMPOSITION OP SOILS AND TMIK SIZE FIACTIONS

arn Tl &
45.89 46.99 43.03
10.65 11.89 10.76
19.499 22.72 21.03
2.42 2.24 2.59
2.65 1.67 .58
6.24 1.90 .90
.15 .18 A7
3.40 2.83 6.94
A1 .02 -09
.04 .03 .05
8.80 9.76 12.90
99.82 100.23 99.04
4.00 3.51 3.47

IS Ix uaA
4440 42.37
13.24 14.42
18.92 21.19
2.15  3.37
2.27 3.15
2.74 3.15
.26 .24
3.02 2.85
.18 1
.04 .07
11.23  9.30
98.45 100.22
3.97 3.39

ills
44.89
11.18
24.59
3.62
2.02
2.60
.20
2.39

17

9.77

101.49

3.10

1j=%

41.30
14.47
22.35
4.21
o1
1.21
11
4.34

.05

12.25

101.32

3.13

IS Ix
45.07
8.02
22.84
2.28
3.23
4.16
.14
2.97

.36

11.18

100.29

3.35

S 11

45.45
8.80
21.28
2.21
3.65
6.59
17
2.71

.23

9.24

100.41

3.62

all g
46.89 41.66
8.32 6.62
23.20 26.22
2.34 2.66
3.92 .45
3.42 .68
17 12
2.51 5.92
.20 .37
.09 .03

9.52 14.91

100.58 99.64

3.43 2.70
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TABU NXX.

Depth

o-11
11-21
21-54
54-59
59-45

0-7

7-11
11-18
18-25
23-36
36-39
39-52
52-57

AMD THBXR SIZE FBACTXOHS

lhitt. wjog-trt. Def.  Oaf.
§edl.__ i®tl.. <41 ... L.
M./100 s.

52.24  43.98 57.06 26.07
60.91 63.52 89.93 76.73
67.09 70,49 102.40 78.50
73.61  77.41  97.43 75.37
75.18  77.57 104.77 91.08
36.87 24.90 22.33  8.46
31.76  26.30 27.86 11.34
32.96 31.46 33.41 15.60
39.39 42.37 49.22 29.59
72.74  80.43 96.61 88.90
53.40 58.52 68.45 61.64
41.22  46.01  61.91 47.
36.42 64.74 91.44 81.04

CATXGN EXCHABBB CAPACITT OP SOXU

Daf.
-lit

34.74
71.08
87.65
85.43
95.40

17.42
22.61
37.97
17.70
58.85
48.43
77.80

Daf.
.clay...

106.34
111.67
111.21
105.99
116.10

92.35
102.53
108.23
105.19
102.34

91.91
106.95
124 .27
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ralatad to tho blrofrlagonce of thbo «aoiiluni Fixing xoterial. Thla,
howavar, holda troa only to a llaitad axtant alnca allophana, which con-
atltttta a good porcoatage of tho aasploa, also hawo high cation oxchango
capscitlaa. Tba data also worlfiod aaothor point dlaeusaod prowloualy,
tho sand mad silt fractions ara vary alnllar in thalr nlnaral and chanleal
conposlitlon.

Tha clay fractiona danonstratad a trraaadoua capacity to adaorh
catlona. This waa also obssrvad by Kcllcy and Faga (1942) who uaod dIf-
forwiclal tharnal analyala and X-ray nothoda to atudy tho colloids of
aovoral Hawaiian aolla. Thay found two aaaploa fron Naalohu and South
Point, Hawaii, with cation oxchango capaeltloa of 120 and 88 na./l100 grans
aoll, raspactlvaly. Thay attributad tha cation oxchai” capacity to tho
anorphoua nlnoral In thaao aolla. Houng (1964) working with tha clay
fractions of sona volcanic cth aolla r™ortad aone high cation oxchango
capacity valuaa. Ha ohaorvod that cation axehanga capacity of tho
anorphoua natarlal ms highly pH dopandane. This obsarvatlon had haan
pravlously rsportsd hy Flaldas (1962).

Statistical axaalnatlon of tho data ahowad that a highly significant
corralatlon (r " 0.627**, df > 73) axlatad hatwaan tha cation oxchango
capacity and aanonlw fixation aftor addition of SO no. MnKmlun por 100
graa aoll. A hottor corrolatlen could bo obtalnad If tho obvious non-
ralstlonahlp of tha clay fraction to annonlun flxctlon was not Ineludod
In tho statistical analyala. A corralatlon coaffielont of 0.832, highly
algnifleant at tha 11 laval, waa shewn whan cation oxchango capacity of
only the untreated whole soil was analysad against aocoKxilua fixation.

Tho Intorprotatlott of this ralatlenahlp la difficult due to the nature

of tho nlnorala involved.



79
Sam axplmatlon daaerlLblag tb» sourm and mchanlm of tba blgb

cation axehoaga capacity of tho clay fraction and tbalr obrloua non-
rolatioaablp to maoniuaa fixation la naadad. Tba data (Tabla zZV112)
abow that tha axtractabla ailiea and alonlaa of tba tfolokal clay (kao-
llaita) and tha amd, silt and clay fractloaa of tbo Maalobu and Pabala
sella ara axtranaly blgb. Howavar, tbalr catim axebmga capacltlaa md
mmoalun flxlag capacltlaa rmga froa low to vary high. Soils high la
axtractabla alllca md alualna ara not always aaaoclatad wltb high eatloa
axebonga and aaaoolua fixing capacltlaa. Thla can ba axplalaad by tba
origin of tbalr alualam. Aluaiaua la tmlloyslta la bald la Its atructura
in octabadral co-ordination. Howovor, aaorphoua aiaoraloldt or allophana
differ frm otbar clay alaarala wltb raapact to Its alualnun which la
hold in Ita atructura ia tatratedral eo*ordlaatloa. Tbla la auppoaad to
bo the aala cauao for Ito nany imuaual actlvitloa, one of tbm boligi Ita

cation holding nacbanian (Flaldea, 1962).

Tbla Inveotlgatloa was laltlatad to dotondao vhotbor aoca-crystalllaa
aatorlal la Bawallm volcmle aab aolla «aa able to ratala anaealini
agalaat £ BCl axtractloaa. Tha raaulta ahowad tha daflalta capability of
cortala aaorphoua olnaralolds to fix amoalm. It appoarod, hawavar,
that net all aawrphaua mtarlala have tha omn capacity to fix aaaonlm.
AaMrphoua aoll coastitumts have ami najer faatura la common, naaely thalr
aancryatalllaity; baymd thla thay differ not only la ce”oaltloa iMt la
behavior aa wall.

Fallura of aocat standard nlaaraloglaal aathods to eharactorlsa the

aatorlal eooprlolag tha Pahala (25-36**) aad Maalahu (59-65*) aolla proaptad
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tha author to axaalna tha allt and aaad fractions of thaaa aanplaa undar
tha patrographlc nlermcopa. Sons faldapars, ollvina, pyro»maa, md
Iron oxldaa vara praamt In all aanplaa but tha noat I™1ortmt alngla
alnsral ralatlva to fImtlIm waa glaaa or Ita waatbarad agiulvalmt.

Frash glass cm ha raadlly Idmtlflad by ita laotraple eharaetar md
diffara fron plam opal by ita shapa, blghar rafractlwa Indax md yallowlahi-
brown color. Haatfaarad glass cm ba dlatiagulshad from fraah glaaa by a
pregrasalwa Incraaaa In blrafringmea as tha glass waathara. Tha noti-
crystalllna md yat birafringmt eharaetar of thla matarlal fits tha
dafinltim of tfmtworth"a (1938) palagonlta. This amerphcms matarlal
also fits tha daacrilption of 8lrrall*a (1984) “palagonlta”. Ha has ra-
portad thla matarlal aa balng formad fron tha waathariag of basaltic
glass aad has notad its prasmea la a soil fron Altutakl Island md also
haa apacttlatad on lea praamca In Pahala Aah sell. Tha I'm axchmga
capacity of thaaa aanplaa cm ba mtlraly attrlbutad to thla waatbarad
glaaa md this valua must ba naar 2X) aa. par 100 grama eonaidarli® tha
aanpla ara about 30-501 frash glass, plant opal, faldapar, pyroxenas and
iron mlda.

Largs qumeltlaa of saalltaa ara found In tho waatbarad tuff eonas
on Oahu. It appaara chat aah md tuff naar tha aurfaea by»paoa tha saollta
stags md go thrcH™h a non-eryatallina pamutltlc Latamadlata stags.
Zaellta aad waatbarad glass hava high lon mxhmagm eapoeitlas hut tha
latcar la am-crystallliM. Waatbarad glaaa of tha hind foimd la tho
Nmlelai ((9-85*) md fahala (25-38**) herlaona nay with good juatifleatlon
ha eallad natural parmtltea.

Tha waatbarad glaaa in tha Pahala (G2-57**) horlsm diffara fron

thaaa obsarvad la tha Pahala (25-38**) aad Maalahu (59-65") borisons in
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birafrlagwic*} matharad glaaa la tba Pabala (S52-S?™ berlsm «aa ia all
caaaa laaa aailaatropia tbaa ttM lattar twa.

Tha dIffaraaca la capacity to fix nawomlua aaong aaorpboca alaaralalda
auat arlaa tbrough aooa fuadaaaatal mcbaalaa. Ila tha cbamea of jny
dlract avldaacaa aoM poatulatleaa will ba at tbla tlaa. Zt
appaara tbat tha origla of tha ebarga on tto colloid aurfaca nay ba aa
laportaat factor. Alumimm la wolcaalc glaaa ia aoat probably tatra-
badrally eo-ordiaatad aloflg witb alllcea. Im tbla eaaditloa tba eharga
uadMlaaea craatad by tha trlvalaat alaalaua la aatlaflad by aodlua,
ealclaa aad aagaaaloa. Thaaa eatloaa cannot undergo lon axcbaaga aad tha
catloa axcbaaga capacity of fraah glaaa would ba low.

la aolla, howawar, waatbarlng of glaaa by bydratlm, bydrolyala aad
carbcxiatloB raaulta la loaa of tiM aolubla catlma laawiag M opaa aat*
work of alllea md almlaa. Tbla aatarlal la atlll aaorpboua, baa a
high charga daaaity aad aow eaa, dm to Ita <vaaaaaa, panalt loa ambaaga.
Tha chaadatry of ayatbatlc silica altaalaa gala witb high catloa axcbaaga
eapacltlaa haa baaa rawlawad by Zlar (19SS). it la aot mllkaly that wa
ara wonrkliig wltb a natural ayataa aot uallka tboaa coaaldarad by liar.

It la furtfaar propoaad tbat wltb furthar laaablag med laeraaaad
acidity, tha aliwlOkwi altara to tho nora atabla octabadrally co-ordlaatad
bydrmlda (glbbalta) or alualao-alllcata (kaolia) aad loaaa Ita capacity
to fix aaacaiua. Tha 52-57 borlaoca of tba Pabala soil represent waatbar-
ing la tbla directlaa.

If, oa tha other bmd, laaebl”™ la not too Intanaa and tba pB la
faworabla, a largo fraction of tba alwaiiRHI atcaw suiy ramin In tIM four-

ce-ordlaatad atata and giwa riaa to a mtarlal alwllar to tba Naalabu
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G9-65*) Md Fehala (25-36™) Mil. TInm two OMploo bohovo eh«d.edilly
11ko moataorlillonito Md probably cMatituta a ayataa which aay awMtwal ly
«tabillaa aa aMtaorlillonlta.

Tha Kaaiaha ((9-65**), Pahal (25-36**) and Pahaln (92-5/**) aolla ara.
howavar, naltbar kaolin nor aMtaorlllonlta by My atrateh of tha tactl*
natIM. Although acaa IneipIMt layarod lattice ainerals aay he In the
asking they ere by no aeens true eley alnerele; they auet be cMeldered
et this tlae to he eaorpheue alnerelolde.

It Is lIi7ortMt to etresc ieln tha wide dlfferMcee mited la the
reactivity of ellophene to manonlua. A aere ldentlfleetloa of largo
quMtlitloa of allophMO la a soil does not aecaaaarlly Inply that It
will fix aocaocalua.

IT tha bypothasis of tha four aad six co-ordlaatad alualnua la
eorroct, there auet exist aoaa e«rrelatlon between tha frectlM of
alualnua la each fera end eaaoalua flxetlM. Uafertuaetely anthode to
deteralne the eo-ordInetlM maai>er of alualnua has aot boM devolopod so
that It axy he aMsured routIMly. The JepMSM (EgMa, 196A) has uMd
fluereecMce technique la dataralnlng the eo-ordlaetloa state of ello-
phMs. It reaclae for othore to oetehlleh the relatlonahlp ef aaaonlua

flxatIM Md co*ordiaetIM nuaher of aluainoa la Morphooa adaersloldo.



SUMMIT

A wid* raig® In aatlm flxad anaonlun eontant was found in aono
roproacacatlvo Sotrallaa aollo. Notlvo flxod a onlun vao found to rmgo
fron 0.0 to 583.0 ppn., with an averaga of 93.4 ppo. Matlvo flxad a«-
Monlua ganarally dacraaaad vitb dapth la mat of tha proflias atudlad.
Thara vas a highly algniflcant eorralation (r m 0.910+*, df < 101) ba-
tman total KjoO er percent illita aad aatim fixed anoooiun. Tbla
correlation ladieotoa that illita la raapoaaibla for tha native flxad
aoBoaiuBi content ef tha Hawallaa soils Invaatlgatad. This ralatlonship,
homvar, dees not apply to youog, partially matharad aolla contatnlag
«0OM primry petasaion-boaring nlnarala.

An incraaaa iIn native fixed amonlun occurred after heating tha
sail saaplaa containing large aoiounts of native fixed amonlm to
tcmpercturos of 200 to 3000 C. The mehonim for tha Incraaaa could not
bo olucidctod fron the rcaulta obtalnod In tbla study.

Tha aimonlun fixing capacity of tha Paalobu and Pabala soils, which
mrc anorpbeua to X-ray diffraction, was Invastigatcd. A typical nont-
norlllonltle aoll (taalualcl), Illltc aoll (Koolau) and o kaollnlto soil
(Molokai) vara also lavaatlgstad. Tba aneunt fixed by tbe Naalabu aad
Fabala aolla was equal to or oxeaodod that fixed by the nontnorilloaitie
Lualualal aoll. Tba aand aad allt fractions of tboao aolla flxad about
tho oam aaount of anoonlun aa did tbair corraapondlag clay fractions.
Concantrstloo study on aaloccad horlxoas shomd thbat anncHiitm fixation
was virtually aatlafiad after addition of 50 to 100 m. anoooilun par
too grana soil. A dacrcaaa In mnoaiun fixation vaa observed at higher

concantrationa.
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Tha mlaaralogical and chaalcal propartlaa of tha Maalaha and Pahala
aalla wara axaalaad by tha taehalquaa of potrogrophle elereaeopo. X-ray
diffraatioB, thorMl aaalyaaa, lafrarad abaorptlaa aad chenleal malyaaa
to 1dmtify tha olaaralCa) flxlag aaBralini. It vaa caacludad freai ra-
aulta ohtalaod fron thMO aathods of nlnaral ldaatlfleatloa that aawrpheua
ailaaralolda vara raapoaalbla for tha aaoconltn flxatloa. Tha raanlta alao
ahswad that aot ail anorphoua aatarlala hava tha aana capaelty to Tix
<oMBlua. Thla waa aocat awldaat la tha Pahala aoll whara groat changaa

la aaaonliM fixation wara ohsarwad within the mil profile.
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