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ABSTRACT

Clinoptilolite, mordenita, heaulandite and Laumontite heva been identified in possible
aconomic copcantrationa on the Alaska Peninsula. Moet important are; 1) a heulandite bsaring
watar—-laid tuff on Agate Island, 2) a thick sequenca of terraatrial volcanfcs containing
mordenite and clinoptitelite locatad batwean Squirrael Point snd Tommy Creek, 3) watar—taid
tuffa containing high concentrations of clinoptilplita near Dennis Creek and 4) & heulandite
bearing eiltstone at Chinitne Hay.

2oalite formetjon in the Iliamne Leke ares wae produced in "ppen” systams af frash watar
lakes and ground water systemeé which have transfarmed vitric volesnic wmaterial into zeotites,
Buriel diagenesis is responeibla for atteratiaon af early formed, low temperature-pressura
zeolitas inta high temperature—prassura variaties,

The formation of laumantite in a tuffacacus sandatona at Chinitna Bay wes tha result of
low grede burial metemaorphism. The mode of farmation of heulandite in a walded tuff and
gfltetane unit, also located at Crhinitns Bay, asppaears ta have resultad fros diesgenesgis altera—
tion of terrestrial ssdimanta.

Trensporzation of zeolits ore from [liamne (ake would be by laka to P{le Bay Villege then
by road to Iliempa Bay snd, finally, by ship to the conesumwar. In the Chinitna Say srea ore can
bw Loaded diractly onto ships for trangportation ta the consumer.
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INTRODUCTION

The realization, in the 1950's, that naturally occurring zeclicsm could ba of commarcial
utility triggersd a reactien in the induastrial and scademic worlde. The naw incerest resulted
in a flood of pubt{cations deeling with numeraus aspecta of the zealita famfly, including new
and extanaiva deposits, minesralogy, madae af farmatian, chamicel reasctivities, hiatary and
useg, This close inspection revealed further industrial applicat{ons aof zmatitas.

Ae s remult af growming commarcial utf{{zatian, minaeble zeoltite depasizs have been da—
velopad in aavaral countriss including the conterminous United States, A number of differant
zeolita accurrencas had besn repartad fn Ataska by variaue autharities sincs the 1980's (Figure
3], Hawavar, the paesibility of ecanomic ealita depocaitm in Alaske held Littla intereay upntil
1872, whan increassd industrial usa, including cracking catalysts in the petrolsum industry,
binders for mixed fertilizers and cgnditianers for agricuilturel soil atimulatad 8 program to
locate zepalita dapusfta of caoammarcial velua. The reault af thia ressarch revealad sxtensively
2eolitized beds of Tartiary volcanic tuff and sedimenta gn the Ngrthern Alaska Peninaula near
I(iemna Lake (Madonna, 9973). A liat aof 38 other patantial zealftae Lgcatitias 1@ shown in
Table 4 (See Appandix for Tablea].

It {5 tha purpagsa of this projact ta tnvestigate the mare fmportant zaqglitized unita
reparted in the Il{anna Area and locate other patantially econgmic deposits. Examination of
such dapasit includags tha afze, semiquantitativa cencantration and typa of zaolf{ta prasent. In
addition, aach deposit 1s briefly discueesad in tares of its peasible econgmtc impartance.

Beckground

Zeolites wers first dgscribed {n 1758 by Baron Cronstedt. He derived the naae fram tha
Breek 2ain, maaning to boil, and Ljthgg, meaning stons, becauss of tha mpparent bagiling which
taok pleca as he heetad tha minsrels. BSubsequant investigations revemlad that zealitas are a
group aof tectasilicatea which maey ba conaidered, chemically, ee hydretsd equfvalents of the
feldapars. Like tha faldspars, the zeolite framewark {8 composed af thraa dimenatanat (514
At10, zetrwhadra. Cavitias withfn the framawork are tha sizar of cations, generally Ca**, Na
or X', which balanca tha negative charge of the structura. Howavar, unlika tha feldapars which
have campect structures prohibiting removel of a cation without disrupting the structure, the
zealita framawork gontaing wide interaconnecting gpaninga which parmit aasy remaval af tha
positiva tans.

An addftfanal characteristic which diffarentistes zeolitws from feldaspars ia the presancs
of watar motaculsa within the cavitiwa af ghe zeolite structure. This water may be remaved by
haating and, unlike maost hydrated minerals which collspss during the dshydratian process, the
alumingeilicate structures of 2sglitaa remsin stable to quite high taaperaturas,

In tha Lata 1920%'a {r waa digcovarad that the dehydratad zaglites framework, with ica
haneycamh af passagewsys, 1s capabls of ebsgrbing large quanticies of athar fluids and gasas 1in
glace gof the watar remaved. Also, because esch membar af the zasclite famity has a unique
aparture aize, the malecules admitted mre restricted ta thasa af sppropriste dimenaiona, This
salactive naturs af the zeolita structurea makea them extremaly ussful as {nduntrial malacular
sieves.

Xnow ledge of the geological significanca of zeolitem wae giaw in develaping in camparigan
to advances {n undergtanding their chemical praperties. Because molsgcular gimve properties
make zeolitas highly usaful for industrial purpasss and bacause economic deposita ware unknows,
chem{sta in the (are 1930'a began a program to produce synthetic zamolitas, B8y the early
1850's, sevacsl artificial zaalites werw producad which havs hecome axtremely useful as indue-—
trial molacular sisvas [8resck, 1984).

About this same tims {1950%8) gaalogiats bagan to realize tha aignificance of zealites
farmad 1n valcanic tuff beds depasited in marine gnd Baling—alkalina Llaka environmants (Hay,
1968}, Whan sevaral high—grade daposits wera discavared, tha natural zealites were axamined tao
daeterming {f they might be compatftiva with aynthetic malscular siaves. Hfesulta revealed that
sedimentary zealitee have proparties very similar to those of artificial zealite=, and nstursl
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zeal{tes showed great potential far industriel eppifcation. Whan the patentisl ecanomic valua
af natural zealites beceme apparent, industry bmsgan an axploration progrem in the continental
Unitad States which tad to tha idsntification af aver B0 mineab{e depasits.

INOUSTRIAL UTILIZATION

At the same tima gthat the United States began 1ts program to uncover new zeglite depesits,
other countries such ass the Soviet Unfon, Buigaria, New Zeeland, Hurgary, Australia, Germany
and Jepen began to develop thaeir depcsita. As new high greda daposits were discoverad, tachng—
logicat advancas gurraunding the commarcial utilization of naturelly ooourring zeolites atlsa
fiourighed. In g recent study of warldwide deposits and utilizetion-of naturelly osccurring
zaolites by Frederick A. Mumpton (1973} {t was found that over 300,000 tons of zealitized tuffs
are mined and used annually. Nctaeble among the praducing dapoaits ere tha Japanesa mines,
which are reaspongtble for aimoat thirty percent of the world's annual production. Several usee
deacribed by Mumpzon (1973) ars summerized helow.

Japanese researchers have developed numeraus Industrial uses for patural zsolitas. The
sodium—potassium zeolita, clinaptitalite, hes found aspplicetion as a fillar in the Japanese
pagar industry. The papser filled with clinoptilalits s bulkfer, more apaque, aessiar ta cut
and givee Leas ink blotting than aimitar clay filled papars.

Clfnoptilolite is aiso heing usad in Japan as an agglutination agent far mixed ferti-
lizers. In addition, 1t tands to retain the dasirable cations in the asoil for Llonger periods
of time. It s suggaeted that laumontite, & sodium=—zeolita, may also find important use as a
conditioning agent in agricultursl saoils (MHawking, 1973),

Japapeaa regaarchars have found clinoptilolite and mordenite espacially usaful as animal
nutrisnts. As much as 10% by weight of these zeolitms have bean addad tq ths diet of piges and
chickana, with significant increases in adult weight and reduction of total cost of feed. In
addition, tha snimale excrement i8 much less odorous becsusa of the ammonium absorption by the
Zeolita.

Naturastly accurring mordenita has recantly found uea in the aaparation of high purity
oxygen from air. The oxygen, producead at Toychashi City, {e usad in tha smalting of pig iron
far tha praductian of Toyota automabiles. The Toyahasght! City plant also producas 99% plus
nttragen by uee af netural mordenite,

e Clingptilnolite hea recently proven usaful {n remaving amemonium fraom sewages and agricul-
| S tural aeffluenta, In a recent test on & tLake Tahoe, California sswage atream, clinoptilolits
was successful in remaving 87X of the ammenium. The ammanium was then digscharged inte the air
and the clinoptilalite regsneratad for futher usa.

Zaclitized tuffe have, for many yasars, found usa tn pozzolanic cemant and concress.
Pozzalanic cancrate appaars to bs as 6trong as oar strongar than that prgduced with normal
amounts of partland cement. Furtharmaors, hydraulic cament producad from zaealits pazzalans
appears toc ba more reaistant to underwater corrosian.

R Sy

Naturally occurring olinoptitotite has found additional uss as an agent in ion axchanga
proceasas which cuncentrats and isolate radicactive {one from waste waters ganerated by atamic
ingtalletione. Once tha clinoptilolite 78 saturated with the radicactive ione {t can ha atored
ar cleaned with chemjcals and reused.

In additiagn to ths uses described ebave, zeolites have found numeroua other applicatiana,
Hungary has used ref{ned natural{ mordsnite as a cracking catalyat in tha petrolsum industry and
Japan has daveloped s uss Ffar natural zemalites am a poliahing agent far dentifrice. A List of
selacted rafarences from chamical abstracts on the ugs and praparties of naturgl zsolitae ham
hean assembled and presented by Hewkins {1873},
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PRI SR NTL S

ZEQLXTE GENESIS

Tha occurrence of zeolites 1n several types of paologic settings 15 ressonably wall known.
In the past twenty years a large number of publications have eppesred deating with the condi-
tfone and environments of formation. Besed upon the wark of meny investigatars, including A.J.
Hay, 0.8, Caamhs, R.A, Sheppard, A.d. Gude, A, Lijima, M, Uteda, L.B. Sand, R,C. Surdsm and
M.E. Teruggi, Fredriaek A. Mumpton {1973) divided zsolite depasits inta the following six
ctoggas!

1. Daposita which formed from volcanic meterial in "cliosad” syatam of ancient and present—day
galine Lekea. (Example: zealites tuffs of anciant Lake Tecopa, Shoshone, California;
Sheppard and Gude, 19E68],

2. Deposits which formad from volcanic material in Mopen" gsystems fraahwater lakes or ground-
water systams., [Examples: Altered tuffs of the John Day formation, sentral Oregon; Hay,
1963).

3. Dapgeits which farmed fram volcanic maeteriatl in near—shors or dasp—ssB marine environ-
ments. (Example: Magsive, clinoptilolite—rich tuff naar Kurdzali, Bulgeria; Alaxiev,
18681 .

4, Daponits farmed hy Law-gra&a burial metamacrphism of valcanic and athar matarial {n thick
esdimentary esquences. (Exampla: Triassic greywaokas of the Turingatura District, South-
land, New Zeeland; Coombs, 1854).

S. Depasita formed by hydrothermel aor hot-springs activity., [Example: Altsrad badded tuffs
end sandatones at Wafirakai, North Island, New Zaatand; Steiner, 1853},

8. Deposite formed {n lacustrine or marine esnvironments without direct evidence af volcania
pracursor matariel. {Example: Analcime zones of tha Triessic Lackatong Farmation, New
Jarsey; Van Houtsan, 13860].

Workara have found the 2ealites formation is favored by fluidas of high pH and high alkali-~
{oan to hydragen-ion ratiae f{n contsct with reactive 8ilLicate wmaterial such as vitric—volcanic
agh and tuff. Deffayea (1859] suggaste that zeolitesd farm 1n sedimentary tuff depocsits by
aclution of volcanic glass fallowed by pracipitation af the zeolite from tha malution., Shep-
pard {1971) eyggests that high pH caonditians eccount for the salubility of the glass and that
rgactivity of alkati iona is responeibla for precipitation of ths zsolites.

Throughout thea warld, the thickest and most widaspread zsolite depaaits are of Trisssiec
and younger sges. Their abmsence frcm oldar rocks is apparently due ta the formation of agthi-
genic albita and potsah feldspar at tha expsnse of the metastable zealitas (Hay, 18BE).

Bacause zsolitea are hydrous minaral pheses of low specific gravity thay ara particularly
gsensitive ta pressure and temperature ahanges. This gives rige to the vertical zealite zona-
tion found in thick saquences of tuffaceocue sedimenta. Zeonation proceeds from the mast hydroue
and Leest danses zeotitas at tha top (i.e. lawsst pressuce-tempecature coanditfane) to the teast
hydrous and most danae zaclites at tha hottom (i.s. higheet-pressura tamparatura conditionsl.
With incressing pressure and temperature the zeolitas hecome unatable and ere ultimetaty tran-—
sformed to minerals such as the feldapars, which are stabla undar these conditiana.

This auggasta, in a general way, that three cand{tiong must be mat befors extansive
zeol{itization is possible:

1) Presance of rmactive parent matarfal, s.g. vitric tuffs,
2} Presenca of "active" fluids, e.g. maring, saline—leka, or hydrothermal fluids,

3) Paagags of 8 gaalogically short time span such that previcusty formad metastsbla
zeolites have not been altered to more stsble phases.
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These conditions are diegrammatically showa {n the Venn diagrem of Figura 1. The moat probable
locatitiea for zeclite formatian and preservatian are thase fac which all threa canditions are
simultangously satisfied. Thare are a number of locelities in Alaska thet wmeet thess condi-
tians and have the potentisl of weting zeolita deposits (Figure 7).

THIS STUDY

Field Mathods

acretegy: Tha aearch for zaolites in tha Iliamne area was rastrictad to those
Lithologic units which meet tha threa basic conditions far zaglite formetfon aend preservatien,
as shown in Figure 1.

ing: Zeolites can oftan be recognizad in the ffald. Lsumantite, for exampla, can
oftan be {dentified by its white color, pearly Luster, and by the friable nature af {ts dahy-
dretion product, lacnhardite, on westharad expoaures. Coarse volcanaganic zealite crystsls
can, in meny cases, ba raeaocgnized by thair wavy or redisting Fibrous habit. Zealitized sedi-
mentary rocka msy be distinguished by thair pale yellow, green or orange cotor, chalklike
appearance and low spaecific gravity {Hay, 196Bl. '

Fiet-sized camples, sxhibiting cheractaristics typical aof zectitized racks, wars satacted
from promising titholagies axpoaed 1n the sreas visitad. A descriptian of each sample is
presented in Table 1.

Laboratory Methods

Samples were axsmined by haesvy-liquid saparatian, x-ray diffraction, thermal analysisg and
quantitstive field test. Results sre tabulated {n Tabla 4.

Heavy-Liguigd Separgtion: Bacausa of thair low gpscific gravity, ganecally between £.0 end
2.4, the membere of the zeolita femily may ha saperated from heavier minersts by heavy-Liguida.
This procedurs wes conductad an the study samplae to determine semiquantitatively the zeolite
concentratigna. Saelectad sampiss wers ground and sievad and the =180 to +325 mesh fraction wes
waighed and then ssparated {nte Light and heevy companants by bromoform, which had been raduced
to 2.4 apecific gravity by additian af acatana. The Lfight fraction wes weighed and the apprax-
imate percentage of Light matacial (less than apg. gr. 2.4} in each sample calculated,

X-ray Diffcgcrign: Light freotians of haavy—liquicd saparates ware finaly powdared snd
then mixad with watar and mounted on & glass stids. Thes samples ware analyzed with a Nereico
diffractometar using a copper X-ray tube with a nickel filter and a gonicmeter 8can speed af
two degreses per minuta.

X-ray patterns gf the samplas were comperad to a get of stasndard zsalite patterna and tha
AS.T.M, cerd catalog to datermine tha possible presence and typa aof zsolites,

Thermal Anailvsig: The zeolites, heulandita and clinoptilotiitn give virtusily the sama X~
ray pattarn. Mumpton (1960), introeduced e tast to distinguish the twa minersla: "If after
heating aovernight at 450°C, tha minarael no langsr d1ffracta X-rays, it should ba ca{laed heulan—
dite; if howevar, diffrgcticn {s maintatned Yt shoutd ba called clinoptilolite”. This groce—
durs wes smploysd on savaral samples to datermine which af the two zaclitas wars present.

Qupngftative Einld Tesgy: Culfez, Keisling and Sand (1973) suggsst 2 simple guantitative
fleld tast for molsculer gsiave zeolitas, es summarjzed balow:

Five grams gf finely ground sampls (below 10 mash] g pleced in an aluminuam container snd
naatad to 850°C. The gsemptle container {a than cappad and atlawed ta cool to atmaspherie
temparature. Ten milliliters of water, alga at atmospheric tdmparatura, are addad to the
sampis and stirred quickly with a thearmomatar, The témpaerasture rises rapidly, reaching a
maximum within 30 sscunds, A high tamperature rise upon the additian of water is charactarta-
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Figure 1. Venn Diagram Showing Conditions Which Favor
Zeolite Formatian and Presarvation.
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tic of the pressnce of zaolitic matsrial in the semple, and the degres of temperatuyre rise is
directly proportional to the quantity of zealite preagnt.

Selected zeglitized samples obtsined during this study wera subjected to this fisld test
in ordar to determine relative concentrations. Yhe results of tests on each sample callactad
ara lfsted in Tabte 1.

B ed

The araae investigatad and seaplad inolude the west shore af Chinitna Bey, the OVl Bay
Drafnages, ILfamne Bay—Pile Bsy Vitlags Road and Iliemna Laks, ingcluding partions of tha paci-
ghary end seversl istands.

Two localities an the suuth shore af Iliamna Lake appearad to be highly favarable sitas
for extanstve zaolite formation and warrented more intansive eaxamination., The first, locatad
northeasgt of Tommy Creek, encompassee approximately eight square miles. The secand, Llocated
approximately five milss nartheast of Big Mountain near Dennie Craeak, sncuompasses approximataly
ten aquare amiles.

A preliminary axamination, in 1583, af the Chinitne Formacidn. axpagsad at Chinitna Hay,
revesled the presance of zealites. A aors tharaugh eaxaminatian of the area wag undartaken
during tha 1874 fiald geason. Figura 2 shows the areas axamined and the Ltocetion of sampls
points,

Qil Pey Drainage angd Iliampa Bev-Pile Bay Vi(lagn Aegd: Litholagic units exposed in thesw
areas consiat mostly of plutanic igneous rocks unfavorsble for zeolitization. -Bample number 2,
cotlected in ths mountaine east of Iliamna Bay, i8 a quartz monzanite which conteins noncommer—
cial fracture fillings of thompsaonita and chabexite. No other unita conducive ta zeolftizatian
were obssrvaed.

~I(ipmna Arsp: Lithalogic units sxposed elong the share of Iliamne Lake betwean
Nawhalen and Iliamna (Figure 2) conaist af green, brawn and grey andeeitic and tuffacaaus
matarial of Terttary age. The outcrope are law Lying, reaching a maximum aof twenty feet above
taka (evel near Iliamna.

Examination of salacted samples raveatad the preaenca of saveral zaalitized beds. The
moat important sre grsen heulandita basring tuffs (samples 6 & 8}, The high percentage of Low
specific gravity material (99%) combired with the rathsr large temparaturs incrasse (12.0°C}
praducsd by the field tmst sugpgests that unit 5 aontaine & high aaoncentratfan of heulandita.
Stmilarly, unit 8 has m high parcantage of Low spec{fic gravity mater{al, however, the tempera-
ture rise produced by the fleld test was relatively law (5°C). The topographic oharacterigtics
of the two unita, with relacian to the lake ievel, are somewhat disgimilar, The watar—laid
tuff of unit 5 rigses only a faw feet ahave iake Lavel, than gives way to a marshy envirgnment
to the nagrth. In contrest, tha andasitic tuffs of unit B8 rise approximataly twenty feaet asbave
the lake teval. However, thig unit alac gives way, gradually, te & marshy anvironmens,

The tow compargtive retief af unit 8§ and the marsh baundacy which aurrounds both unitsa
will probebly prohibit profi{tabla ugtilization of theee dapeaits.

he Pping: Exemination of fala{e tuffs, rhyalite arnd rewarkad volcanics ¢n
the take shors narth of Agate Island, extanding froa Eagle Bay to Chekok Paint (Figurae 2}
revaalad several beds gonteining low to moderate zeolits cancantragiona. Of the units examined
anly numbar 25 gshow sconomic potential. The unit cansists of a bed of mordanite bearing
reworked volcanics which rises thirty feat abhnve (aks lavel and rxtande approximataly one
hundred fset along the Lake shora. Bacause af excesalva overgrawth it was not possibiae to
datermina the full sxtent of the daposit. Tests ravealad 99 parcent law specific gravity
mageriel 1n the =ample and a madarate riss in tempersture. This suguests that the deposit may
be 8 posatble sgurce of sordanita.
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Eagle, Eaqle Bay and Ageta Ialands: Samples aof Tertisry felsic tuffa, andesite and
reworked volcanios wers cotlectad from Esgle, Eagle Bay snd Agate Islands {ocated approximately

thres miles southaast of Iliamna (Figure 2}. X—ray sxaminstjon of these samples raveated that
all but one ware zeglitized. Howavar, specific gravity separations and the results of the
fiatd test suggest that only the hsulandita tearing tuff {#21) which extands approximataly one
hundrad and fifty yards ascross the nartheestarn end of Agaeta lelend (Figure 3) {s of passible
aconomic value.

The unit i3 a gray to green tuff which forms cliffs riging hetwesn fiftesn and twenty feet
above shore line. The araeal extent 18 shown in Figure 3. The extremely high percentage of low
spacific gravity matsrial (9B%) and moderats temparatuca tnoressa (72C) combined with tha
respectable areal extent, suggesta that this materiel should not bs ovarlocked ss a possidle
sourca of heulandi{ta.

Squirrel Paint~Tommy Point: Tha preliminsry investigaetion (n 1872 of Tartiary andegitas,
tuffs and tuffacaocus sadiments on the asouth ghors and adjacent hills of It{iamne Lake, batwean
S8guirrel Paint end Tomay Creek, ravealed saveral highly zealitizpd units. A more thorough
investigetfon af the aree during this study revealed sxtangive bhads containing high concentra-
tions of olingptilolite, mordenite and heulandita {n addition te twa leumontite bearing vol-
canica. Figure 4 shawe a numbar af the more importent aresas examined and ths gutcrop pattarns
of the mare extensively zaglitizad units. .

Savaral tuffs contafin abundant mordanits in the Squirrel Ppint srea. Tha highest concen-—
tratione are found in samplaes 44 gnd 56 (Figure 2). Unfartunately, the unit representad by
semple 44 is a thin intarteyered bed of Llocel extent which would prohibit profitable utilize-
tion.

The unit representad by sempte &8, an the other hand, 18 a grean, fine-grainaed, altarsd
tuff bad twanty feet high and one hundred and fifty feet tong. Tha respectable results of
taste shown in Table 1 and the moderate areal extant indicatea that this deposit may be of
econgmic {ntereat as a futurs source of mardenite.

Othar mordenita bearing tuffs autorop on the leks shors at sampla points 110 and 112
(Figura 2). 8Similarity in phyeical and minerelogical charastaristics suggest thst these two
outcropa ware originaily members of the same tuff baed. Both outcrope are Light graan in color
and contain apherical structures guggasting aggitation in an aqueous anvironment. Testa show
that both unita contain high percenteges of mordenita (Teble 1), In eddition, strike and dip
measurementys suggast that these haedg ars on the e2ast and wmest Limbs gf a gantiy falded anti-
cline. This {8 furthar coanfirmed by antiolinally foeldad Tartiery sed{mants exposed an the Llake
share between the two mordenita besring units (ssmplas 103—-108, Figures 2}. The mordenita units
are approximataly f{ftaan feet thjok and both are sxposad for approximately one hundred faat
along the laks shore. Thae high rzeclite concentration asuggestad by tests (Tabie 1} and the
81zaable areal sxtant indicate thaet thess units may be among the mare impartant mordanita
deposits in the Iliamna ares.

Zealitized Tertiary sedimants (mampie 88-101 and 103-1089) are expased along the Lake shorae
and approximately one-half mile up a amall tributary (Figure 4). Tha sadiments vary from fine
grained tuffaceocus siltstone to reworksd volcanics and rough, houldery, tuffacaous conglom—
srates. As indicatad aariiar the sediments are aexposed in a gantly felded, north—gouth trand—
ing antictine. Aa Taeble % shows, mast of the sasdimantary bede are zealitized, The moet
t{mpartant ace clineptilalite bearing tuffaceous sandstones and reworked volcsnics (samples 98,
99 and 100) axpgned in the smatl dra{nage trending sautheast from tha Lake (Figure 41, Tha
combined thicknaess of the three beds 18 approximately sixty feat. Extensiva foliege prevented
megsuremant of the tength and width of the bads. Howaver, expouurag of tha sadiments on the
take shora suggast & tength of appraximataly one~half mile and, from what could be obssrved in
the drainega, a width af approximetely ana-qusrtar mils. This depasit hass possibilitiea &f
beacoming a mource af clinoptilolite, hawever, more exteneive mapping wauld be reguired bsfore
firn svaluatian gould be made.

The mountaine sbove end adjacent to the Tertiary scdiments conaist of approximetely four
hundrad feet of mordanite bearing volcanics. These volcaniocs congsist af grean, welded sng
vitric tuffs whioch extend approximately ane mile in & northeesterly dirsction and axhibit a
width avereging ona-helf mils {see Figure 4). Tests gn sslected samptas, both in 1972 and

8
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during thts investigation, Indicate high percantages of morderite in all but gne case (Table
1}, In tha axcaption, clinoptilolite (#93)} cather then mardenits was detectad, Fram studies
of pyraclestic rocks in Japan, Utada (1971) found thet the occurrence of these two zeolites in
the seme rocks s nat uncomwmon,

The lerge areal extent, axtrems thickness and high percentage af zeolites {n this volcanic
gsequence syggest that it hes a high eoonamicsl potential, and shauld be considerad as a8 future
source of mardenits and possibly clinaptilolite.

A light gray, heuland{ta bsaring tuff (#94) cutorope in a drainage above and to the north
of the mordanite bearing volcanics. Tha tuff bed 19 thirty feat high and approsimataly one
hundred fast long, Examinetion of tha meterial {ndicates that it {¢ only moderately zroli-
tizad. Hawavar, if the tower volecanic unjt shauld be mined, this bed mey became @ coavenient
sourca cof haulandite.

Ta the south twe falaic weldad tuffs are axpuosad. Ona an Tammy Creak (#95) and tha cthar
on g nearby tributary {#98). Semple 35 containa minor laumontite and 96 minar haulandita,
Neithar of thuse appeer to heve ecanamic potantisli.

Intricgta Bay: Intricate Bay 18 compodaed of numerous low {ying islands and micro—beys.
Table 1 shows that most af the samples of tuff galected from this ares ars zeolitized. Heulan-
dite, clinoptilatite and wordenite were tidentifiad by X-ray diffraction. Additional tests as
shawn in Table 1 indicete that sample BE contains sfgnificant amounts of clinoptilalita end 87
and 8% centain abundant mordenjte. However, the tuff beds are low Lying, riaing a¢t tha most
ten feet above itake level. This is probebly the metn factas whioh would prohibit praofitable
utilization of this materiai. On the othar hand, this wes aniy & preliminary investigation af
Intricate Bay, Possibly, a mare tharough sxaaination of nillg and rises visible a short
distance from tha laksshare would ravesl wmare extensive zectite depasits.

Big Mouptein—Qannis Creek: Outcrapa of white and Light greaen tuffs expgsed on the Llake—
shore near Dannis Craak wnd 8ig Mauntein coantein notable quentities of clinoptilolite apd
haulandite. The distributian of the mors {mportant zeolftized unite are shown {n Flgure 8.
Pecause of the dengse falisge in the area it wes not possible to ohtain tha arsel dimensions of
the depasits.

Samplas 61 through 76 wera selected from a aixty foot outcrop of gredad falaic tuff
oxpossad along tha takeshora, Examinetian af ths samplas revaaled heulandite fn anly sinor
amgunts. Tha depomit doas not aeppear to be of ecomamic valua.

Examination af sevarel Lithalagie units in the Dannis Cresk drainage revealed a green and
pink welded tuff (#120) which cantains 8 modarate smount af heulandita. The unit 1 8ixty fest
high and approximeataly f{fty feet long. Tha tocal axtent of the tuff cambined with its dis-
tance from the leks [(Figure &) would prohibit prafitabte uaas gf the depomit.

Aesults of teats an ssmpla numbars B8Q and 115 reveal that thie material {a among tha mast
highly zpolitized tuffs sxamined from the [lfemna area. X-ray diffraction scans guggest thet
clinogptilolite {s the predominant mineral, Heavy (iquid saparstions and the field test bath
confiram tha high concentration aof clinoptilolite. Tne tuff from which sample G0 wae salacted
{8 approximately twenty feet high snd axtends for one hundred feet stong the Lmke shaorwe,
Similerly, the tuff bad from which sample 115 was selacted is fiftaan faat high and axtends
spproximataly ana handrud feat along the laka shore. Unfortunstely, the fotiage abocures the
width of thesa deposita and prevents 8 more thoraugh evaluation. Hawaver, because af the high
concentration of zeolitaa 1n thees samples they shautld nat bs avarlookad as & possible sourcs
of ctinoptilolite.

chiniy¥ng B8ay: Examinetion of the Chinitna Formation exposad on tha waat side af Chinitna
Bay, durfng the 1973 field season, ravealed the preaesnce of Laumontite in s four foot thick
medium gray sandstone bad. X-ray sxamination auggestsd a high percantage of Lauman%ite Bsccom-—
panisd by miner quartz.

In addition to the Laumogntita bearing unit, zeolites were datectad by DB, Hawkina in a
gample of weldsd tuff collacted by J. Kianle from the Kanat Farmation exposed on tha narthern
shore of Chinitne Bay (perdonal communication, 1873},
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In 1873 tima did not permit @ thorough examination of the Chinitna Bay area, however g
more thorough examination of the ares was carried out in 1974,

Detterman and Hartsaok (1966) have presantad the bedrock geology af the area, which 18
divided into sevaral distinot Cormations. Those examined during the 1874 field season {includa
the Lawer Juressic Talkeetns Formation, the Lste Jursssic Chinitna and Neknek Formations and
tha Tertiary Ksnai Formatian,

The Talkeatna Formatfon consists of 5,900 to 9,000 feat of bedded volcanic racks, which
grade from interbadded tuff and tuffececus sandatans {in tha upper unita to massive agglomgr-
aetes, valcanic breccias and lave flows near the Lower sxtrsmities.

Saveral samplaes, whioh sxhibit oharectariatics fevorable for zeotite formation, wars
ageleoted from the Upper Born Mountain Tuff Mambar, which 1s wall expoged on Harn Mountain,
Results aof teets show that sech sample contains laumantite, but in such lLow ooncentrationg as
to prohibit profitable industrial utilization of the matarial.

The Chinttns and Naknek Formationa caneiat caltaoctivaly of from 3,500 ta 7,800 feat of
canglogseretes, sandstones and siltetanas, Sevarasl sampies ware selacted from autcrops near
Clam Cave on the narth shore of Chinttns Bay and Sea Otter Point an the sauth shora (Figure 2),
X-rpy and thermal exeminations indicate that mast of tha samples contain e{ther layamontite or
heulandite. Howevaer, the field tests suggest that concentretions are below aconomic propar—
tions (Tabla 2L

The Xanai Formation {8 compuaesd aof approximataly 1,000 fest of Tertiary canglomaratas,
sendstanes and stiltstones, An easily acceastble expasura gccurs on the Seashare one and one—
hatf miles aast of Clam Cove. Tha outorap Ys characterized dy & twenty faat thick brown stlt—
stone bad positionsd unconformebly between two relatively coerse conglomerate beds. An addi-
tionel characteriatic ie the presence af savaral waell praesaerved tress which span ths thickness
of the siltatone bad but do not extend into the conglomerate unita. (ocaliy axposed near the
baee of thas asiltatane ia e shin tensicular bed af carbaneceous ash stane renging up to two fegt
in thicknass. Tha unit {s expased for approximetely 100 yarde on tha shoralins but is con—
oeeled from view inland by foliage. Hawevar, 1t 18 suspected to have a comparatively Large
lataral extant,

Exemination of both the esh stone and ths siltgtone reveatad the pressnce of haulendita,
Most samplae contain betwaen 30 and 100 percent low specific gravity meteria!l and & moderate to
high tamperature changs. This, combined with {t8 raspectabla thickness and suspentad large
lateral axtant, suggests that the deposit may be of eaonamic valua.

GENESIS OF THE DEPOSITS

Tuffa, tuffacaous aadiments and othat volcaniecs, conducive to zeolite formation, expaqeed
atong tha sharaeiine, an the islande, and in the mountains adjacant to Iliamna Laks, are as—-
signad to the Tartiary Period (Detterman and Reed, 1888)l. The farmatian aof zenlites {n thesa
Terciery racks is inharent in the ovarall depositiaonal and tectonic history of tha Alaska
Peninsula during that time. The close af the Cratacsaus wee gsntls as indicatad by the slight
disconfarmable cantact with aoverlying Tartiary racks. The Tertiary tactonic hiatory wes naot
one of axtengive arogenic activity; tha Alaska Paninsula did not become an oragenic mountain
system until the Late Pliocana, Prior to thia time tt was bssically an area of depnaition
which dartved its topographic relief from brief veart{cal movemants associated with ignaous
intruefansg, and obtatning 1ts atratigraphic thicknees from massive accumulation of vaolcania
debris. The voloanic debhris was weathared, abradad, transparted and deapasited in both marina
and nan—marina environments (Burka, 1965).

In cha Ilienna (ake area Oettarman and Reed (1988} rapart the prasance of thick sequances
aof Tertiary, non-warina, voleanic siltiatones, Bandstones and conglomerstas intariayared with
volcanic flaws and tuffs, Examplaes of thaasa watar—laid tuffg and reworked valcanics are
axpoBed 1n numéraus outarops an the takeshare and ara intertayered with Tertisry, non-marine
gadiments exposed on the south shore. Tartiary vitric tuffs axposed in the mountains adjacent
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ta the take's southarn shore, however, do not exhibit any of the charactaristics typical of
watar—~Llaid tuffs, and their high elavation suggest depasition in a terrestrial anvironment.

The zeolite daposits at Iliamna take were formed by the alterstion of volcsnic material.
X—cay examinations revealed tha presence of clinoptilatite, mordenite, heulandita and minor
taumontite. Finally, tha volcanic material was depoeitad in terrestrial snd non-marine squecus
environments. These threa paramaters, moda of occurrence, mineralogy and depositional enviran—
ment Buggest that the Iliamra zealites were praduced from volcanic matarial in “open gystems
of fraesh wetar (akes snd ground water systems (typs 2 pagas B} which trensfarm volcanic citric
material Intoc zealite minersi{s. These deposita are characterized by tha presence of climopti-
tol{te and mardenits, and the absenca of 'clioaed" system zeolites such as srionite snd chaba-
zite. Subsequent burial of early formed law temperature-pressure cliraptitolite end mardanite
eppesrs to have bean responsibie for altarastion inta highsr temperature—praessure forms. The
sequance of forwmation found in piles of volcanic materiat in athar parts of the worid are, from
low to high pressure end tempersture: Al frash giass, B) olinoptilolite-mordanite, C) analcime
heulendite and 0} laumantite. Assemblages reprasenting thaesa four zonas have been detactad in
the It{emns area. In addition, sample number twelve gcantaing both heulandite end Laumontite,
which would be typical of tha assemblage representing the isogred batwesn the two stability
fislda. This suggasts that burial diagenesis has besn responsible for the formation of high
tamperature-pressure zealites et tha expensa of the Lower temparature—pressure varieties.

The laumontite end heulendite beering units in tha Chinftna Bay area fit the type 4 =ode
of zealive formetion presanted by Mumpton {1973}; furmetion by low—grade buried metamorphism of
thick asedimantary sequances {n which Laumantite is produced at tha expense of lLow deneity, more
hydrous zeglitas such ss hesulandite, as well es other silicate minerals.

TRANSPORTATION

The rugged topagraphy snd distanca (180 m{lss] fram Anchorsgs hes madea air the anly
practical meens of trensporting pessangers, freight and wmeil ta Il{iamna Leka. Flights from
Anchorages to Iltemna are schaeduled threa times 8 wesk. The airoraft stops et Iifamns and Big
Mguntain, then raturna to Ancharage. Air and water transportation is aveilable in Iliamna faor
passsngers and aupplisa traveling to ather points on the lake.

A limitad amount of freight is traensported by water fram Anchorage and/oc Homer, to
Itiemna Bay, on the cosst, and finally driven to Piles Bay Village on Iliamna Lake by wey of a
14 miim gravat road (Figure 2}. The roed is meintainad betwesn May and Dotabar aach year by
the Alseka States Highway Department, fgr portage of fishing basta from Cook Inlat to Iliamna
Lake where they procesd by watar ta Bristal Bey. A steel bridge has been constructed ecross
Iliamna River, whioch {8 intersectad by tha thoroughfare. Psetrolaum products are available at
hath tarminala end heavy equipmsnt and boat repair {s availabls at Pila Bay Villaga.

Yransporting are fram Iliamne take could be achieved by loading the are inta portable dump
beds and carfying them, by berge, up the Laka ¢tg Pilta Bay Viltaga. The portabie beds could
then be loaded diresctly ontn trucks for trensport to Iliamna Bay, Here tha ore could ba stored
in holding btna or {oaded diractly anto ships for del{vary to Anchorage aor other ports,

It {8 daubtful thet shipping problsms would be ancountarad in transparting the ore fram
the mina to P{le Bay Village, or acroes tha road which is capabte of hendling ssverat hundred
tons of ara per day. Howaver, loeding problems may result from tides which leave Iliamna Hay
dry for saveral hours sach day.

CONCLUSTIONS

Zsalite deposits of possible econgmic {mpartanca exist in the Ilfamna lake arma. Moat
{impartant are: 1) a hsulandite bearing, water—laid tuff on Agata Island, 2] a thick sequence
of terrestrisl volcanica containing mardenite and clinoptilolite Locsted betwsen Sguirrel Point
and Tommy Craak, 3] water—Laid tuffa containing extremely high concantrations of clinoptilolita
nesar Dannis Creak, and 4) a heutandits bearing si(tatone at Chinitna Bay.
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The depoBits in the Iliemna lake ares waera formed in an "open” aystam of fresh watar (skes
and ground water which transform volcaenic vitric mararfal into 2eolites.

Buriat diagenesis was ruspansibile for altaering esrly formed low-pressure, low-tempersture
zeolitas into more stabhia high—presaurs high-~tempsratura membery.

The formation of Leumontite and heutandite st Chinitna Bay was tha reeult of {ow grade
burfel metamarphism in thick sadimentary seguences.

Transporting ore frgm Iliamna laka can ba schiaved by barging the metarial up the Laks ta
Pile Bay Village, trucking it the 14 mila dietance to Iliamns Bay and then shipping ft to the
congumer, At Chinitna Bay the maeterial would be losded directly anto ghfpa.
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See figure 2 for Coltection Point of gach Sample

Tabie 1

flesults of Teats on Individual Samples

Sample Rock % Lega than Field Test Zeolites
Number Typs 2.4 ap. gr.  /\T in °C  Present
1 Tuffacsous sandstone w.R. 4.0 Laumantite
2 Fracture Fi{lting W.R. - Thampsenite
Chabazitae
3 Cavity filting (endesita) W.R. - Watar Rich
Heulandite
4 Andeeite 19 - -
9 Tuf?f a9 12,0 Heulendita
8 Aewarkad volcanics as 5.0 Heutandita
7 Tuff 17 - -
] Tuff 9 - -
9 Tuff 33 4.0 Clinoptilolite
1D Tuff 14 ~ -
11 Tuff 48 9.8 Laumantite
12 Reworked volcanics 42 4.0 Laumontita
13 Tuff 59 - -
14 Tuf? 1% - -
18 Aeworkad valcantics 12 3.0 Hgulandita
18 Rawarked volcanics 76 4.3 Heulandits
17 Andesi te 6.5 - -
18 Andegite a7z - ~
19 Andeaite 40 4.0 laumantite
20 Reworked volcanics 4.1 2.0 Haulandite
21 Tuff S8 7.0 Reutandita
ag Bewarked volcenics KKc] 3.5 Heulandite
a3 Heworksd volcanics 10 3.0 Heulandite
24 Tuff 3 - ~
28 Aewurked volcanics 84 §.0 Mardenita
28 Reworkesd valcanica S0 ~ -
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3
: Tabte 1
; Continued
% Sempla fack % less than Fiald Test Zeolites
: Number Type 2.48p. gr. /\Tin 9C Present
27 Aeworkad volcanices 81 5.0 Clinoptilotite
28 Tuff 8.3 - -
28 Reaworkad volcanicsa 4.3 - -
30 Tuff 13 - -
a Rhyolita 14 a.o Haulandita
32 Tuff 28 - -
a3 Reworked vaolcanica 5.0 - -
34 Tuff 4.8 - -
a5 Rawarked valcanics 3.3 . - -
36 Raworkad volcanics 1.7 - -
37 Conglomerate 1.1 - -
38 Tuft 2.6 - -
38 Tuff 1.8 - -
40 Tuff ‘ 3.5 - -
21 Tuf? : ' 5.5 - -
42 Andesita 29 3.0 Loumaontita
4 Tuff 50 - -
44 Tuff 84 6.0 Mordenita
45 Reworked volcanics 1.3 - -
48 Andaesite 13 - -
47 Tuff 84 - -
48 Andesitse 1.8 - -
48 Tuff 0.5 - -
50 Tuff 2.3 - -
81 Tuff a.s - -
§2 Andesite 0.5 ~ -
83 Reworka-d volcanics 6.3 - -
54 Andesite 11 3 Clinoptilolite
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Table 1

Conttnued

Semp le Aack % Lless than Fileld Test Zaolites
Numbe r Type 2.48p. gr. (/\ T in °C Present
5§ Tuff 7.8 - -

5B Juff 87 9.a Mardenite
-7 Sandetona 23 4.5 Clinaptilolite
58 Tuff 4 7.0 Ciinoptilolite
59 Rewarked vaolcanics 83.5 - -

BO Tuff 100 2.0 Clinoptilotlite
61 Tuff 31 - -

&2 Tuff a8 - -

83 Tuff 32 - -

84 Tuf? as - -

686 Turf 45 - -

66 Tuffacecus sandstone 28 3.0 Haulandite
:74 Tuff 4.5 . 2.0 Haulandite
g8 Andaaita. , 19 - -

69 Tuff ‘ 18 - -

70 Tuff 45 3.0 Houlandite
71 Tuff a - -

72 Tuff 3] 3.0 Haulandite
73 Tuff ap 3.0 Heutandite
74 Tuff 84 4.0 Haulandica
75 Tuf? 38 4.0 Heulandite
76 Tuff¢ as - -

77 Tuff 14 - -

78 Aawarked valcantcs 18 - -

79 Tuff 2 - -

80 Tuf? 4 - ~

81 Tuff 40 ~ -

- Tuff 682 7.0 Hordenite
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Tabla 1
Continued
Sample Rack % less than Field Test Zeolites
Numbar Type 2.48p. gr. /AT in % Present
83 Tuf?® 85 5.0 Heulandita
84 Tuff 52 - ~
85 Tuff 89 10.0 Clinoptilotits
B6 Tuff BS - -
87 Tuff? 74 3.0 Mordenite
C]] Tuff 52 3.0 Heulandits
L Tuff a4 8.0 Mordenite
hi Rhyalita cavity fillings 71 - -
91 Tuff 72 10.0 Mordenita
a2 Tuff 79 11.0 Mordenite
93 Tuff 74 7.0 Clinoptflalite
94 Tuff 70 5.0 Heulandite
9s Tuff as 2.5 Laysont{ta
a6 Tuff as 3.0 Heulandite
97 Tuff 8s 10.0 Hurdaqitﬂ
:| a8 Raworkad volcanice 99 9.0 Clinoptilalita
98 Tuffacacur sandatane 64 4.0 Clingptilolita
100 Raworked volcanies g5 5.0 Clinoptilalita
10 Rawgrked volcanics 93 3.5 Heuland{ita
102 Tuff 97 8.0 Mordan{ta
103 © Breccia 688 4.0 Clinaptitolite
104 Sandstane . 15 - -
105 Mudstone 100 - -
108 Tuffaceous sandstaone 37 4.0 Clinoptilolita
107 Tuffaceogus sSandatane S0 4.9 Hedlandica
108 Tuffaceous conglomerate 24 4.8 Heutandite
- 108 Reworked valcanica S0 . - -
110 Tuff 94 7.0 Mordan{ta

<C




Table 4

Cantinued
Semple Aoack 2 egs than Field Test Zeclites
Numbar Type 2.4 8p. gr. /\T in % Prasent
111 Andes{ta . 74 - -
142 Tuff 98 12.0 Mordenita
113 Ignimbrite 43 - -
114 Fractura fillirg 88 - -
11§ Tuff g4 13.0 Clinoptilalite
118 Tuff 29 - -
117 Tufe 58 - -
118 Tuff &8 - -
118 Rhyolite 66 - -
120 Tuff 9B 7.0 Heulsndite
121 Tuff a8 - -
122 Tuff 26 - -
123 Tuff 38 3.h Heulsndjte
124 Ahyolita W.R.* - -

*W.A. = Whols Rock
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*j , Tabie 2
Z fAasuita of Tests on Samples Callacted at Chinttne Bay in 1974,
; ; Sample Rack % less then Field Test Zaolites
‘AZ Number Type 2.48p. gr. /N T in °C Present
‘ G- 81 ltstone g8 9.0 Hesulendtte
c-2 Tuff 92 13.0 Heulandita
: c-3 Tuff 4 13.0  Heulandite
' c-4 Tuff o3 10.0 Haulandite
] C-6 S1ltstone a8 11.0 Meulandite
s c-6 Stitstane 80 12,0 Heulandits
! c-7 8fitstane o8 11,0 Heulandita
, c-8 Sandsvona as 8.0 Laumantita
u c-a' Sandstana 3o 5.0 Laumontite
c-8" S{itstans 78 - -
:T c-8 Sandotone a1 4.0 Laumontite
L: c-10 Sandstone S0 3.0 Heulandite
B 1, c-11 Sandstane 42 4.0 Laumontite
: c-11! Sandstona 18 4.0 Haulandita
-1 Tuff 72 4,0 Laumentite
' -2 Tuffacmous 3.S. a 4.0 Laumantite
. -3 Andesfte 3 3.0 Laumantita
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’ Tabla 3
{ ZEQLITE OCCURRENCES AEPORTED IN ALASKA
B
2l {See Figure 6 for Location)
KAP NO. OCCURRENCE MINERAL REFERENCE
: 1. Sadimentary Cifrapti{{ctlita Raynalde & Andarson,
1967
2. Metamarphic Laumgntite Hoare, 1884
3 3. Contact Yugewralita Ehsrlein, Webar, &
g 1 Metamarphic Btilhite Baatty, 1871
¢ Ltaumontite
4, Cavity Fillings Thompsonite Moffit and Knopf, 1910
Capps, 1918
oS 8. Cavity Fillings Netratite Glavinovich, 1987
‘A Unpublishad Mestaers
;1 Theais
\
& B 8. Matamorphic Laumontite Clerk, 1972
{
|
. ﬁ 7. Matamorphic Laumontite Hawkine parsonal
F 8 Analcime communicationa, 1973
! Heulandita
T Mordentte
.% 8. Cavity Fillings Zeolites Mufftier, 1867
; 9. Cavity Filtings Zeolitas Berg
g 10. Sedimentary Mardsnita Madanna, 1873
L Heulandite
A Clinoptitolite
~ Anelcita
Laumontite
1. Sedimantary Heulandits Madonna, 1873
Voleanegenic »  Mordanize
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10.
1.
12.
1.
14,
18,
18.
17.
1.
19,
20.
.
2.
23.
24.

25,

Table 4

ROCK TYPES AND REFERENCES FOR POSSIBLE
ZEOUITE OCALITIES IN ALASKA

(Sae Figure 7 far Location)

ROCKX TYPES

AEFERENCES

Volcanic tuff

Tertiary volaanics
marine rhyalita tuff
argillite and tuffs
argillita and tuffs
acrgillita and wuffs
argillita and tuffs
argillite apd tuffs

Guatarnary vaolcanics

tuff and Laves
Jurssaic tuff beds
Mesozaic acid flows
Tartiary valcanics |(
rhyalitic tuff
volcanics (tuff)
volcanics [tuff)
argitiita and tuff
rhyolita and tuff
rhyalite and tuffa
volcanfca and tuffs
woter lain tuffs
metamagrphasad tuffs

bentonitag

. Tartiary zuffs

pumicg and ssh

§ msh

& tuffs

tuff)

28

Lathrsm, Lanay, Candon, Serg,

1989
Loney, 198BS
Berg, 1969

M1illar, 1981
Millar, 1961
Miiler, 196%
Miller, 1961

Millar, 1981

Loney, Pamercy, Brew, Mufflsr,

1984

Safnshury, 1981

Buddington and Chapin, 1929

Capps, 1940
Martia, 1937
Casa, 1957
Capa, 18988
Casa, 138559
Caagn, 1959
Casn, 1959
Casg, 1958
Eakin, 1918
Martin, 1919

Eakin, 1918

Smith and Martie, 1930

Meddran, 1913

Moxhem, 1851




28,
3d.
31.
3z2.
83.
34,
35.
38.

37.

a9,

Tabtle d-continuad

ROCK TYPES

REFERENGES

Tartiary tuffs

tuffs

Tertiary clays with tuff

tuffs and clays
Stliceous volcanic tuffs
tuffs

tuffs

Jurassic volcanic tuffs
tuffacaous argillitea
tuffs and bentaonita
Tartiary tuffs

tuffa

nomr—marine tuffs

valcanicsg

27

Dettermen and Reed, 19§57

Hawylwy, Ctark, and Banfesr,
1868

Brosge, Haiser, Dutro,
Churkin, 1968

Brosge and Aeisar, 1962
Hoara, 1962

Hoars, 1961

Fostar, 1984

Farriens, 1871
Kachsedoorian, 1871
Raisar, 1971

Rwed and Elliot, 1971
Patton, 1871

Aichtar, 1972

Chapman, Websr, enc Tasbler,
1871 -
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