
U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOCICAL SURVEY

OCCURRENCES OF ERIONITE IN SEDIMENTARY ROCKS OF TIIE WESTERN
UNTIED STATES

Richard A. Sheppard

Open-File Report 96-01 8

This report is preliminary and has not been reviewed for conformity with the U.S.
Geological Survey editorial standards (or with the North American Stratigraphic Code).
Any use of trade, product, or firm names is for descriptive purposes only and does not
imply endorsement by the U.S. Government

Denver, Colorado
1996

by



CONTENTS

Absuact
Inuoduction
hoperties of Erionite

ehemical Cornposition
_ Ptrysical hoperties
Oocunences of Erionite in the Western United States

fuizona
California
Colorado
Idaho
Montana
Nevada
Newltdexico
North Dakota
Gregon
South Dakota
Utah .
Wyoming

References Cited

ILLUSTRATIONS

Page

1
1
I
1
4
4

16
16
16
17
T7
t7
t7
18
18
t9
19
19
19

Figure tr-griqlo!"_cogngqitionql uqftiotlu shown by the ratios si:(Al+R3+) uro
Na+K):(Na+K1Mg+ca). solid circles are eiionites from sirdimenbt
rocks; open circles are erionites fmm mafic lavas

Figure 2. Erionite composition in atomic percentages fc1. FToluF composition in-atomic percentages for (Mg+Ca), NA and K
Solid circle.s are erionites from sedimentary-rocks; .ipet circies are erionites
fiom mafic lavas

Figure 3. Mapshowing occurrences of erionite in sedimentary rocks of the westem
unit€d states. Data for numbe.red localities are giran iir aule I . . .

3

15

TABLE

Table 1. Occurrencesof erioniteinsedimentaryrocksof tlreu€st€rnUnitedStates 5



Erionite has been reported t 
"**:m:lffaceous 

rocks in all western $rares
excqpt Washingon, but it is most common and abundant in southeastern California,
northern and central Nevada, and eastern and southeastern Oregon. The host rocks are
g$qnY hcry$ng and range in age from Eocene to Pleistocene,lur mosr are Neogene. The
thickness of the host rock commonly range$ from less than a centimeter to severd rneters,
and the erionite eontent is a trace to nearly 100 percent of the rock Erionite commonly
coexists with other diagenetic ryoli$, but the association with clinoptilolite seems most
common. Unlike the type woolly erionite, most erionite in sedimeniary rocks is acicular,
P{qqtic, or rod-like, and it c^om-monly occurs in bundles or radial agfregates. The
individual crystals are about 2-200 pm long and 0.1-10 prn thick

INTRODUCTION
. Erionite, a z&ofita, w.as origrrylly described and named by Eakle (1898) who

prqvidej only a^vague descriptionbf the type locality at the Durkee opal ririne near Dukee,
BakerCounty, Oregon. The name wa.s derived frorir a Greek word that means wool
because at lE type-locality the erionitje qgcurs as white, wool-tike fibers. The woolly fibers
occur in veinlets of a gray,-welded_, ash-flow tuff and are readily recognized without-the aid
of a hand lens. For rnore than half a century, this z4olite was c6nsideied extremely rare,
and no additional ooculrences were found until Deffeyes (1959) described material from
Nevada an$ wyonling. Unlike the tlpe erionite, ttredo subsequenr occurrerrces were
microscopic, acrgular to fibrous crystals in diageneticalty altered, silicic, vitric tuffs of
C-enozoic lacustrire deposits. Numerous additional discoveries of erionite have been
reported in the last three decades from diverse rock types and geological environments
throughout the world (Tschernich , 1992, p. 156- 166! howevEr, thi most voluminous
deposits seem to occur in continental Cenozoic silici6 tuffs of the western United States.

In the late 1950s and"early l-960t, the Linde Division of Union Carbide Corporation
included erionite in $er5 ryglite exploration-program _hryr* it was viewed as a potintially
valuable commercial adsortent and molecular sieve (Mumpton, 1984). Numerous erioniti
deposits, as well as other rcolite deposits, were discoveredin the weitern United States
9gt$ t!ry"rytyexploration, b-u1t{b_resultl were not published until mrrch later (Mumpron,
1984). Erionite was not mined by Union Carbi{g Corporation. Other companies
subsequentlf elpfopd for erionite, but only Mobil Oil Corporation produced a minor
tonn-age from their Jersey Valley, Nevada deposit (Papke, iglZ) foi internal use as a
$alry or catalyst su-pport Early -settleF !o pans of sbutheastern Oregon and northern
Nevada found that erionite-rich tuff could be cut, sawed, and nailed, s6 Ure material was
used as a local building stone, withgut {e knorvledge gf thq rcnlitecontenl At the presenr
time (1995), erionite is not being mined or utilized in the United States, althoush some
deposits that are mined for other zeolircs may contain trace to minor amounts oTerionite as
a contaminanL

Since the 190s, epidemiological investiga4gns in cenrral Turkey and a variety of rn
,iY *! in vivo-expairnenal studies postulateda linkage benpeen the dxpourc to erionite
and malignant plural mesothelioma, a disease previgusly associated only with the inhalation
of certain fibrous asbestos mine-rals (Baris, l99l; Coffin and Ghio, tEitl. The apparent
biological.effeca-of erionite on humans still are not understood (Coffrn uitO ottp.i, tWZ;
Eborn and Aust, 1995) and require continued study.

The intent of thjs compilationof erionite occunenes in sedimentary deposits of the
western United States is to provide a basis for future studies by geological, mining, and
medical investigators.

PROPERTIES OF ERIOM]E

Chemical Cornposition
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Figure 1 Fqoryq composition in-atomic percentages for (Mg+ca), Na, and K.
Solid circles are erionites from sedimentary-rocks; dpei circt'es .i.i Jrionit",
from mafic lavas. Modified from Gude ariA Sneppa?a ttggr).



The chemical composition of erionite is variable, but most have Si:(At+Fe3+) ratios
greater than 3.O and monovalent exchangeable cations generally exceed divalent ones.
Si:(Al+Fe3+) ratios of about 2.6-3.8have been determined (Sheppard and Gude, 1969a;
Gude and Sheppard, l98l) for erionite from a variety of rock tlpes and geological
environments (fig. l). Varieties with dominant Na, K, and (Ca+Mg) are known (fig. 2).
K shows a relatively narrow range of about 25-ffi percent of the exchangeable cations.
Generally, erionite from silicic, vitric tuff is relatively siliceous and alkalic, but erionite in
mafic lava is relatively aluminous and rich in alkaline eafihs.

Physical Properties
Erionite is uniaxial positive and lengtrh slow. The indices of refractjon are in the

range gf about 1.46-1.48. Hexagonal cetl farameters are a=13.19-1334 A and c=15.04-
15.17 A. Siliceous varieties generally have a smaller unitcell than aluminous varieties.

In tuffaceous sedimentary rocks, the erionite commonly @curs as prisrnatic,
acicular, or fibrous crystals that are about 2-2ffi pm long and 0.1-10 pm thick Scanning
elecuon microscopy shows that some well-formed hexagonal prisms are terminated by
pinacoidal faces. Much of the erionite occurs in stubby bundles that are 5-80 pm long, and
each bundle consists of tens to hundreds of individual crystals. More rarely, the erionite
o@urs in radial aggregates or spherulites. Where erionite coexists with other zeolites, such
as clinoptilolite or chabazite, it postdates these zeolites and cornmonly is draped across
them.

The detection of trace amounts of erionite in tuffaceous rocks can be made by X-ray
powder diffraction techniques. Bish and Chipera (1991) cautioned, however, that the
recognition of erionite can be complicated by its coexistene with smectite or clinoptilolite.
Even the weak and broad smectite 001 reflection can mask the erionite 100 reflection.
AIso, the clinoptilolite I l0 reflection near 7.48" 20 (CuKa) can mask the erionirc 100
reflection ne,ar7.670 20. Identifications of trace amounB of erionite in clinoptilolite-bearing
rocks should be considered suspect if based solely on a reflection near 7.5" 29. Bish and
Chipera (1991) dqscribed a method using automated X-ray powder diffraction
instrumentation that resulted in a lower lirnit of detection of 10&'500 ppm erionite in
tuffaceous rocks. A scanning electron microscope equipped with an energy-dispersive X-
ray analyzer commonly can be used to discriminate fibrous erionite from mordenite in
zeolitic rocks. If the zeolite morphology is not distinctive, the significantly lower Si:Al
ratio for erionite should be adequate for identification (Sheppard, 1991, p. 12-13).

OCCURRENCES OF ERIOMTE INTHEWESTERN T,JNrTED STATES

In the western United States, erionite has been reported from nonmarine tuffaceous
rocks that are chiefly lacustrine. Erionie has boen reported in all western states except
Washington, but it is most common and abundant in southeastern California, northern and
central Nevad4 and southeastern Oregon. The host rocks range in age from Eocene to
Pleistocene, but most are Neogene. Erionite-bearing tuffaceous rocks are yellow, ofttnge,
or gr€en and rarely white. The thickness ranges from less than a centimeter to several
meters. The erionite content is a hace to nearly 100 percent of the rock. Coexisting
@genetic minerals in erionite-bearing tuffaceous rocks are other zeolites, smectite,opal-
CT, quartz, potassium feldspar, calcite, searlesite, and fluorite. Associated zeolites are
chabazite, clinoptilolite, mordenite, phillipsite, and analcime, but the association with
clinoptilolite seems most common. Except for analcime, the erionite generally postdates the
other zeolites. Analcime, as well as potassium feldspar, searlesite, and calcite, locally have
replaced erionite.

The occurrences of erionite in tuffaceous sedimentary rocks of the west€m United
States are briefly described in table I and are shown in figure 3. In addition to the locality
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number, the locality column of table I iryludes.a teqly geognaphic feature, counry name,
*{g:::llly location to the nearcst rt4rt4section. rnlfiosirycfiypr *d;ffi&thi-'
rntormation ary given in the occunence column. The content of ericinite in the ,eo'titi-
bearing rccks is listed as trace 0ess_ than I percent), minor (1-10 percent;, moderate (l l-S0
fl*1?:fl 9::i:llgppl1!ans0perceni;.Freriuencyoioc.ui,e-il;6i;;it"--d;;srocr(s at ne locatlty ls lrsted as rar€ or common.

Occunences of erionite in erizona*nSonnneo to a northwest-trending band that
extends from near Bowie (fig. 3,lpc"lity l) to near Wikieup (localiryti.-Ttr" fiiqo"ncy ofoccunence of erionite-beqlng rocls at.or near the localities ii mosd! re oiuntnown inArizona, except near Bowie (Iocariry l), Bear springs 0ocatity ij;il,iwikiw a"ai ,7).

The so-called "marker tuff" at the Bowie zeolite deposit has been mined
intermittentlf fol chabazite since 1962 (Sheppard and othe'rs, lg87). ffi;;ker tuff is 22-155 cm thick and crgps- out discontinuously fbr about rs kn arong rd;;h;;tem side ofSan Simon Va]ley. Onty ttre basal lG20cfo of thetuffare mined-for ctraUJite. Erionite
commonly f.ry up a- trace 9f this basal part but makes up as much as 70 percent of the
gverf.ying' thin-bedded part that is not prdcessed. The eririnire com;*nlt il.un i" riuuuv
bundles in borh para of the tuff.

Several zeolitic tuffs*crop out discontinuously over a distance of about 12 km nonhof Cottonwood Creek, near Bear Springs (locality ,). Tlr;i"rrr rr" i j+ir* trri"k andcontain a urFe to moderate amounts of Eridnite in'adiition totG p*0"*i".i"ltriUoit"
(Eyde, 1982; Eyde and Irvin, l97g).

Erionite is common in tuffaceous lacustrine rocks of tlrc Big Sandy Formation near
Yf:lq $ocafilrp. At least 13 tuffs, I cm to about t m trriCrc" cdp *;i"; u Jilt nc" orabout l2 km chiefly along the eaqbry.sjde of the B-ig Sandy River lShepparA and Cude;I,T?, Although some tdl'fs, particularly those in ttrE;;rft p.n oi*J'.firii"ti;,k"
deposlt' laclc erionite, manycontain a trace to nearly 100 percbnt erionite. The erionite
ocfurs.?s prismuic or acicular individual crystals o? occurs in bundles tut rarefiin
spherulites.

Califomia
Occunences of erionite are known only from upper C-enozoic lacusrine rocks insoutheastern califo,r.1i1, 9!i:!y lp lqp*.roirio count!'(fi-. 3, rabi; l). TtJf&rcncy oroccuffence of erionite-be_ari-ng-rocks at the localities is irdsf,y *tno*i ed;ti" tte MudHills (localiry I l) and ar t ake Tecopa (locatity t+) where,irilrniti i..#;;;: Ti,"aounoance ot enonlte at the localities is tq$y p uag to minor amounts, except along thesouthern flank of the Cady Molnlains (locatitj,,-11 an{ at i,.t" f;;-p;Gditii) wfr?re-erionite lgcalfy_malal:p^rqly_l00 pircent or&rtain r"nr ist"pplrd-o otiro, 1965;sheppard and Gude,_1968). AiLake Tecopa, erionite is espriiailv 

"b*d;il;conspicuous tuff (q1r1e1thatcrops-oy1along the Amargoi Ri;d jusa;utiioiStorto*
to near Tecopa, a distance of about 14 km.

In addition to erionite occurrences in shallow paru of a drill hole near the Hectorlrcctoritemine-(locality 8), erionite-rich tuffs crop out';*ibeneath a pieisiocine b.r"lt flo*
So* q $. qrinp (Syeet, .1985). Correlation or mese"tunJ;tthtiril;6;tlni iouCIernnank of oS c"gy Mountains to the north remai* unrr-rGin, uut mey rnay E F; of thesame stratigraphic unit-

Ttrc only reported occurren@ 
"f "::lr?f*colorado 

is in the tuffaceous otigocene
9*dt Formation 0oc-a]i1r-r6i, ;hitir ne seaimen-tary-moat fill of the Creede catdena(I"arsen and crosseyl J994). According tg nanjgi-raft;. 

-(iu'i;;o**un.]fg6sl,
erionie commonly &curs tiuoughourth? d"Gli"""l #il;" race amounts in rhe upper
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400 m of the formation. Although itis mostcommon in basinal lacustrine deposits, it also
has been recognized in lake-margin alluvial deposits.

Idaho
Occurrcnces of erionite in Idaho are restricted !o tuffs in the Miocene Chalk Hills

Formation along Browns Creek Qocality 17) south of Oreana and about 2 km to the east
Chiefly trace amounts of erionite were recognized only rarely, even though most tuffs in
this area are zeolitic and consist mainly of clinoptilolite, smectite, and opal{T (Sleppand,
1991). The erionite occurs as threadlike fibers or clusters of threadlike fibers. Where
associated with clinoptilolite, the erionite commonly formed later than the clinoptilolite and
is draped across the blocky to platy clinoptilolite.

Montana
The only reported occurrence of erionite in Montana is about 25 km north of

Cardiner (locality l8). Barnosky and others (1988) recognized small amounts of erionite
in Miocene lacustrine rocks at Hepburn's Mesa in the Yellowstone Valley where about 150
m of tuffaceous sediments contain major amounts of clinoptilolite.

Nevada
Except for two localities (fig. 3, localities 19 and 20) near Beatty, the occunences

of erionite are in the northem and central parts of Nevada. Deffeyes (1959) was frst to
rcport that erionite was not as rare as had been previously belierred. He documented the
common and abundant occurrence of erionite in silicic, vitric tuffs that had been deposited
in Cenozoic lakes of cenual Nevada- Papke $nD mapped and studied in deail fourof
the erionite deposits (localities 23,27,29,and 30) that had been prospocted by several
companies, including Union Carbide Corporation, Shell Development Company, ard
Mobil Oil Corporation. Of all the high-grade erionite deposits in Nevada, only several
hundred tons of erionite-rich tuff were mined from Jersey Valley flocdity 27)by Mobil Oil
Corporation.

Most erionite occunences in Nevada are in upperCenozoic nrffaceous, lacustrine
rocks. The thickness of the erionite-bearing tuff is less than I cm to more than I m, and
the erionite content ranges from a trace to nearly 100 percenr At Jersey Valley Qocality
27), two erionite-rich beds can be uaced along strike for about 5.5 km. Most erionite-rich
tuff is yellow or light orange. Erionite coexists with analcime, chabazite, clinoptilolite,
mordenite, and phillipsite, but the association with clinoptilolite is most common. At the
Reese Rirer occurrence (locality 29), some erionite has a woolly appeararce (Gude and
Sheppard, 1981) and resembles the type erionite fnom Durkee, Oregon (locality 44). Most
erionite from the lacusuine depsits occurs as acicular or prismatic crystals or as bundles or
aggregates of radiating acicular crystals.

Ash-flow tuffs at Yucca Mountain (locality 20) and rear Fish Creek Qocality 28)
rarely contain trace amounts of erionite. Erionite has been recognized only in the
subsurface at Yucca Mountain. At both localities, the erionite coexists with clinoptilolite.

New Mexico
Erionite has been reported only from southwestern New Mexico where it occurs in

a lacustrine frcies of the Gila Conglomerat€ near Buckhorn Qocality 35) and in a drill hole
that penetrated Pleistocene sedimens on the Plains of Sur Augustin (locality 36). Trace to
ryajor antounts of erionite arc common in a conspicuous marter tuff in ttre upper part of the
Giia Conglomerat€ (Gude and Sheppard, 1988). This tuffis about 0.5-2.7 m ttriit< anO
crops out along the southwest side of Duck Creek for a distance of about 6 km. Tlc
erionite @curs chiefly in bundles and coexists with clinoptilolite and analcime. Finnell
(1987) described an erionite-bearing tuff in the GilaConglomenate about45 km southeast
of Gila. The tuff contains trace to minor amounts of erionite that coexist with chabazite and
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phillipsite. Although this site is near the Duck Creek occrurences, correlation with the tuff
near Buckhorn was not possible.

Pleistocene volcaniclastic sandstone in the subsurface on the Plains of San Augustin
flocality 36) contains trace amounts of acicular to rod-like erionite (Sedenquist, 1986). The
erionite coexists with clinoptilolite and analcime.

North Dakota
The only reported oocurence of erionite is in the Little Badlands of southwestern

North Dakota (ocality 37). Stone (1972) briefly described acicular erionite from clayslone
and sandstone in the Oligocene Dickinson Member of the Brule Formation. The erionite
coexists with clinoptilolite, but its abundance was not reported.

Oregon
Occurrerrces of erionite are known only from upperTertiary rocks in easttentral

and southeastern Oregon. The frequency of occunence of erionite-bearing rocks at or rear
the localities is mostly unknown or mre except near Rome flocality 39), Harney Lake
flocaliry 42), and Durkee (locality 44). The host rock for the erionite in Oregon is chiefly
lacustrine tuff. Major amounts of erionite have been recognized at the Rome and Durkee
localities.

Erionite-bearing rocks are especially common in the Miocene Rome beds over an
elongated north-south area of about 550 kmz, chiefly between Rome and Crooked Creek to
the west (Campion, 1979). The Rome beds are at least 100 m tlrick and consist of alluvial
and lacustrine rocks that were rich in volcaniclastic material. Although erionite occurs in
most rock types throughout the area, it is most abundant in nro conspicuous nrffs
(Sheppard and Gude, 1993). The lower marker tuff is light yellowish green, commonly 3-
6 m thick, and commonly consists of major arnounts of erionite, locally nearly 100 percenr
This erionite-rich tuff has been the chief source of material used in biological experiments
in the United States as well as overseas. The erionite occurs as individual acicular or rod-
like crystals and as clusters of acicularcrystals. The upper marker tuff is G7 m thiclq but
only a meter-thick orange unit near the middle of the tuff contains erionite. The upper part
of the orange unit locally contains as much as 80 percent erionite which coexists with
clinoptilolite.

Erionite is widespread in ttre unnamed Miocene tuffaceous, fluvial and lacusEire
rocks near Harney Lake, but it is most comrnon and abundant at the southern part of the
area (Sheppard, 1994). The erionite content of ttre tuffaceous rocks ranges fmm a trace to
about 50 percent Erionite occurs as acicular, fibmus, or prismatic crystal that are 2-500
pm long. Locally, the acicular or prismatic crystals are in bundles or radial aggregates.
Erionitecoexiss with analcime, chabazite, clinoptilolite, mondenite, and phillipsite, but it
most commonly coexists with clinoptilolite. The erionite postdates all the above zeolites
except analcime.

The opal mine just north of Swayze Creek near Durkee flocality 44) is tte rype arca
for erionite. Here, the woolly variety of erionite @curs in veinlets of a gray, silicic,
welded ash-flow tuff which is at or near the base of an unnamed Miocene lacustrine
sequence that is rich in volcaniclastic nnaterial (Gude and Sheppard, 1986; 1993).
Although the type woolly erionite is difficult to find at the abandoned opal mine, small
fragments were still recognizable there as recently as 1995. Woolly erionite was not
recognized elsewhere near Durkea An area of lacustrjne rocks of about 18 km2 near
Durkee (Gude and Sheppard, 1986) is rich in zeolites, including erionite, chabazite,
clinoptilolite, mordenite, phillipsite, and analcime. Most of tlre zeolites occur in lacustrine
tuff that ranges in thickness from less than I cm to more than 1 m. Acicular to rod-like
erionite makes up a trace to nearly 100 percent of the nrff and commonly is disribuM
throughout the zeolitic area
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South Dakota
Erionite is reported only from tuffaceous rocks in the Miocene Sharps Formation of

southwestern South Dakota (Raymond, 1986; Raymond and others, 1982). The erionite
has been rarely recognized, and it occurs only in trace amouns. At Sheep Mounain Table
flocality 45), ttp erionite occurs as white, silky fibers as much as 200 pm long in irregular
vugs of a clinoptilolite-rich tuff, just beneath the table surface.

Urah
Tlrc only occunsnce of erionite in Utah is from a single drill hole that penetrated the

Eocene part of the Colton Formation near Sunnyside Qocality 46). Trace amounts of
erionite were rccognized by X-ray diffraction and scanning elecron microscopy in alluvial,
biurrnen-bearing sandstone (R.M. Pollastro, written commun., 1995). The erionite occurs
in stubby bundles (less than l0 pm long) of acicular crystals.

Wyoming
Erionite-bearing rocks are common at two sites in south-central Wyoming: along

Beaver Rim in Fremont County (ocality 48) and near Moonstone in Natrona County
(locality 49). Elsewlere, erionite-bearing rocks are rare at the erionite occunences. At
Beaver Rim, lacustrine tuff in the Eocene Wagon Bed Formation contains trace to moderate
arnounts of erionite (Bolcs and Surdam, 1979). The erionite occurs chiefly as acicular
crystals, and itcommonly postdates the coexisting clinoptilolite. Near Moonstone,
Iacustrine tuffaceous sandstone and tuff in the Pliocene Moonstone Formation contain uace
to moderate amounB of erionite (Mariner, 1971). Tle erionite occurs as acicular crystals
and clusters of rod-like and acicular crystals, and it commonly coexists with clinoptilolite.

Tuff in the Eocene Adobe Town Member of the Washakie Formation nearhistoric
Fort LaClede (locality 47) contains a high-grade clinoptilolite deposit that has been
cornmercially prospected and mined (Hanis and King, 1990, p. 31). A trace amount of
erionite has been reported from this deposit by Harris and King (1990). R.E. Hanis (oral
commun., 1995) confirmed to me that one sample of the clinoptilolite-rich tuff, collected
from the deposit by the Wyoming Creological Survey, showeda trace amount of erionite as
determined by X-ray diffracdon. Inasmuch as numerous investigators, including me, have
studied samples from this deposit by X-ray diffraction and scanning electron miCroscopy
and could not confirm the presence of erionite, perhaps the reported trace of erionite should
be regarded as equivocal.
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