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WOOLL Y ERIONITE FROM THE REESE RIVER ZEOLITE 
DEPOSIT, LANDER COUNTY , NEVADA, AND ITS 

RELATIONSHIP TO OTHER ERIONITES 
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Abstract-Woolly erionite from the Reese River deposit, Nevada, is identical in appearance to that at the 
type locality, near Durkee, Oregon. Both of these erionites differ in appearance from all other erionite 
reported in the past 20 years from diverse rocks throughout the world which are described as prismatic or 
acicular in habit. The non-woolly erionites are especially common as microscopic crystals in diagenetically 
altered vitroclastic lacustrine deposits of Cenozoic age. The Reese River woolly erionite fills joints in gray 
to brownish-gray lacustrine mudstone of probably Pliocene age, in a zone about 1 m thick beneath a con­
spicuous gray vitric tuff. Compact masses of long, curly, woolly erionite fibers are in the plane of the joint 
and locally are associated with opal. Indices of refraction are w = 1.468 and € = 1.472; hexagonal unit-cell 
parameters are a = 13.186(2) A, c = 15.055(1) A, and V = 2267.1(0.9) A3. A chemical analysis of woolly 
erionite yields a unit-cell composition of: NaI.01K2.s4Mgo.3CaI.69Als.lsSi27.s4072· 28.5IH20. 
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INTRODUCTION 

"Woolly" erionite, a zeolite, is present in a recently 
discovered second known locality for this interesting 
morphological variant. The erionite is nearly identical 
in physical and chemical properties to the poorly ex­
posed type material ofEakle (1898) but is quite different 
in its geological setting. This new discovery near Aus­
tin, in Churchill County, Nevada, may provide impor­
tant data on the genesis and characteristics of a natural 
zeolite that elsewhere is economically important. Al­
though "woolly erionite" is etymologically redun­
dant-Epwv = wool in Greek-the terminology is 
needed to distinguish this variety from the more com­
mon and abundant varieties. 

Erionite was originally named and described by Ea­
kle (1898) who unfortunately provided only a vague 
description of the type locality. More than a half cen­
tury passed before L. W. Staples rediscovered the site, 
and additional specimens were available to supplement 
the dwindling supply of original material (Staples and 
Gard, 1959). At the type locality near Durkee, Baker 
County, Oregon, the erionite occurs in thin seams in a 
gray, rhyolitic welded ash-flow tuff. Eakle named it er­
ionite because ofthe woolly appearance of the material. 
Eakle's description of erionite is accurate and is re­
peated as follows: "The zeolite occurs as very fine 
threads, having a snow-white color and pearly luster. 
These threads resemble fine woolly hairs having the 
same curly nature and soft feel." Figure 1, a scanning 
electron micrograph (SEM) of woolly erionite from 
Durkee, clearly shows the woolly fibers in ribbons and 
bundles that ravel and fray into aggregate bundles. 

Prior to the late 1950's, the only confirmed occur-

rence of erionite was that from the type locality (Staples 
and Gard, 1959); however, in the last two decades, nu­
merous discoveries of erionite have been reported from 
diverse rock types and geological environments and 
from many countries throughout the world. Most ofthe 
erionite occurs as microscopic acicular, prismatic crys­
tals in altered silicic tuffs, or less commonly as scat­
tered clusters ofmegascopic crystals in cavities in maf­
ic lavas. The most voluminous deposits of erionite are 
composed of micrometer-size crystals in altered tuffs 
of late Cenozoic age (Deffeyes, 1959; Sheppard and 
Gude, 1969). In many altered silicic tuffs, the erionite 
appears to occur as single prismatic cyrstals when ex­
amined under the petrographic microscope; but when 
examined by scanning electron microscopy, the "sin­
gle" crystals are bundles of acicular, prismatic crystals 
(Figure 2). The erionite described herein is unusual in 
that it occurs in a lacustrine deposit and is nearly iden­
tical in appearance to the erionite from the type locality 
at Durkee (Figure 3). Individual fibers are less than 1 
/Lm in diameter and 0.1-10 mm long. Most single 
strands occur in bundles that may be 10-20 /Lm thick. 
No other verified occurrences of woolly erionite have 
been reported. 

OCCURRENCE 

The Reese River zeolite deposit, which is adjacent 
to the woolly erionite site, is about 50 km north of Aus­
tin, Nevada, and about 2 km northeast of Nevada State 
Highway 305 at the southwestern end of Carico Lake 
Valley (Figure 4). Papke (1972) described the zeolite 
deposit discovered by Deffeyes (1959), which is chiefly 
in unplatted secs. 26 and 35, T24N, R43E, and the rocks 
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Figure 1. Scanning electron micrograph of woolly erionite 
from the type locality at Durkee, Oregon. 

of the area as mainly lacustrine mudstone, tuffaceous 
mudstone, tuff, and minor sandstone and conglomerate 
of probable Pliocene age. Although the woolly erionite 
occurs about 0.7 km north ofthe area studied by Papke, 
the host rocks are part of the same lacustrine sequence 
that he described. The Reese River woolly erionite was 
discovered by H. Donald Curry in 1%5 and brought to 
our attention by him in 1975. 

The new locality for woolly erionite is on the south 
slope of a small barren hill in the NWI;4NEI;4 of un­
platted Sec. 26, T24N, R43E (Iat. 39°55'37"N, long. 
117°06'04"W) at an elevation of about 1620 m (5320 ft), 
and about 0.25 km southeast of the Carico Lake Valley 
Road. The erionite occurs chiefly as joint fillings in 
poorly exposed brownish-gray mudstone of unknown 
thickness stratigraphically just beneath a I-m thick con­
spicuous gray vitric tuff. Woolly erionite is difficult to 
find in place unless an exposure of mudstone can be 
located. Scattered clots and felt-like plates (Figure 5) 
as much as 5 cm across weather free from the soft mud-

Figure 2. Scanning electron micrograph of acicular, pris­
matic erionite from a lacustrine tuff at Durkee, Oregon. 

Figure 3. Scanning electron micrograph of woolly erionite 
from a joint in mud stone, Reese River, Nevada. 
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Figure 4. Index map showing the location of the woolly er­
ionite (RR) and the Reese River zeolite district. 

Figure 5. Mat of woolly erionitefibers weathered from ajoint 
in mudstone, Reese River, Nevada. 
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Figure 6. Erionite compositions in atomic percentages for 
Mg + Ca, Na, and K. Sample occurrences and references are 
given in Table 2. Solid circles = woolly erionites; open cir­
cles = erionites from sedimentary rocks; plus signs = erio­
nites from mafic lavas; short dashes enclose a field of 15 data 
points averaged at No. I. 

Table 1. Chemical and physical data for woolly erionite, 
Reese River, Nevada. 

Conventional 
rock analysisl 

(weight percent) 
Unit-cell composition 

A B (atoms per unit cell, 0 = 72) 

SiO, 56.78 58.02 Si 27.84 
AI,03 14.16 14.47 AI 8.18 
Fe,03 0.05 0.05 Fe3+ 0.02 
FeO 0.17 0.17 Fe'+ 0.07 
MgO 0.41 0.42 Mg 0.30 
CaO 4.62 3.29 Ca 1.69 
Na,O 1.06 1.08 Na 1.01 
K,O 4.54 4.64 K 2.84 
H,O+ 9.47 9.68 H,O+ 15.49 
HP- 7.96 8.14 H,O- 13.02 
TiO, 0.04 0.04 0 72.00 
P,Os <0.05 - 2 

MnO <0.01 Si:(AI + Fe3+) = 3.39 
CO2 1.10 

Total 100.36 100.00 

Optical properties 
w = 1.468, € = 1.472, uniaxial positive, length slow 

X-ray unit-cell parameters 
Hexagonal P63! mmc, a = 13.186(2) A, c = 15.055(1) A, 

V = 2267.1(0.9) A3 

1 Column A = Uncorrected data. Analyst S. T. Neil, V.S. 
Geological Survey, Menlo Park, California. Column B = 
Analysis corrected for CO2 plus required CaO to make cal­
cite. 

2 Dashes = No data. 
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Figure 7. Erionite compositional variations shown by the 
ratios Si:(AI + Fe3+) and (Na + K):(Na + K + Mg + Ca). 
Sample occurrences and references are given in Table 2. Solid 
circles = woolly erionites; open circles = erionites from sed­
imentary rocks; plus sign = erionites from mafic lavas; short 
dashes enclose field of 15 data points averaged at No. I. 

stone, travel down the slope, and can then be traced 
back upslope to a source just below the surficial debris. 

Although the woolly erionite is most abundant in the 
interval of mud stone about a meter beneath the tuff, it 
also occurs sporadically at least 6 m below the tuff­
mudstone contact. The erionite also occurs more rarely 
in thin fracture fillings and inter-shard spaces within the 
lower few centimeters of the vitric tuff. The mudstone 
consists of smectite, calcite, quartz, and plagioclase. 
No zeolites, other than the erionite that fills fractures, 
have been detected in the mudstone by X-ray powder 
diffraction or by scanning electron microscopy. 

CHEMICAL AND PHYSICAL PROPERTIES 

One of the nearly monomineraIic fibrous clots was 
scrubbed by ultrasonic treatment to remove adhering 
mud stone matrix. This clean mass was shredded and 
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Table 2. Occurrences and references for analyzed erionites, listed in order of increasing Si:(AI + Fe3+). 

Anal· 
ysis 
no. Locality Host rock Reference 

Sasbach, Kaiserstuhl, West Limburgite Rinaldi (1976) 
Germany' 

2 Milwaukie, Oregon Miocene-Pliocene(?) Yakima Basalt Wise and Tschernich (1976) 
Subgroup 

3 Kaipara, New Zealand Miocene, marine andesite tuff Sameshima (1978) 
4 Nidym River District, Siberia, Lower Triassic lavas Belitskiy and Bukin (1968) 

U.S.S.R. 
5 Maze, Niigata Prefecture, Japan Olivene basalt Harada et al. (1967) 
6 Sardinia, Italy Fractures in weathered andesite Passaglia and Galli (1974) 
7 Clifton, Arizona Middle Tertiary olivine basalt Wise and Tschernich (1976) 
8 Durkee, Oregon Pliocene welded ash-flow tuff Eakle (1898) 
9 Thumb Butte, Arizona Middle Tertiary olivine basalt Wise and Tschernich (1976) 

10 Durkee, Oregon Pliocene welded ash-flow tuff Staples and Gard (1959) 
11 Cape Lookout, Oregon Miocene tholeiitic basalt Wise and Tschernich (1976) 
12 Lake Natron, Tanzania Miocene-Pliocene trachytic lacustrine tuff Hay (1966) 
13 Shurdo, Akhaltsikhi District, Eocene tuff breccia Batiashvili and Gvakhariya (1968) 

Georgia S.S.R. 
14 Yaquina head, Oregon Miocene tholeiitic basalt Wise and Tschernich (1976) 
15 Rome, Oregon Pliocene(?) fluviatile or lacustrine tuff Eberly (1964) 
16 Eastgate, Nevada Pliocene lacustrine tuff Sheppard and Gude (1969) 
17 Reese River, Nevada Pliocene lacustrine tuff This report 
18 Pine Valley, Nevada Pliocene-Pleistocene lacustrine tuff Sheppard and Gude (1969) 
19 Lake Magadi, Kenya Pleistocene-Holocene trachytic Surdam and Eugster (1976) 

lacustrine tuff 
20 Jersey Valley, Nevada Miocene-Pliocene lacustrine tuff Sheppard and Gude (1969) 
21 Cady Mountains, California Miocene or Pliocene lacustrine tuff Sheppard et al. (1965) 
22 Durkee, Oregon Pliocene lacustrine tuff (orange) Gude and Sheppard (unpublished 

data) 
23 Jersey Valley, Nevada Miocene-Pliocene lacustrine tuff Sherry (1979) 
24 Beaver Rim, Wyoming Eocene fluviatile or lacustrine tuff Boles and Surdam (1979) 
25 Crooked Creek, Oregon Pliocene lacustrine tuff Sheppard and Gude (1969) 
26 Moonstone Formation, Wyoming Pliocene tuff Surdam and Eugster (1976) 
27 Durkee, Oregon Pliocene lacustrine tuff (white) Gude and Sheppard (unpublished 

data) 
28 Lake Tecopa, California Pleistocene lacustrine tuff A Sheppard and Gude (1968) 
29 Wikieup, Arizona Pliocene lacustrine tuff Sheppard and Gude (1973) 

, Fifteen analyzed data points from three crystals are averaged as a single sample. 

chopped in a micromill to yield fine particulate material 
for analysis. 

The chemical and physical properties of the woolly 
erionite from Reese River are given in Table I. These 
properties are also compared graphically with data for 
28 selected erionites from 25 other localities (Table 2 
and Figures 6-9). Ten localities are in mafic lavas (prin­
cipally basalts), one is in a marine andesitic tuff, and 
the remaining 15 sites are in f1uviatile and lacustrine 
sedimentary rocks that originaJly consisted chiefly of 
silicic glass. The chemical difference within a zeolite 
species is influenced by the composition of the fluids 
resulting from rock-water interactions, and in most 
observed cases at nonhydrothermal, low temperature­
pressure conditions. 

characteristics of a mafic lava heritage. It should also 
be noted that the chemical and physical properties of 
erionites, as well as of other zeolites, vary as much 
among specimens collected at the same locality (see 
Nos. 8 and 10, 20 and 23, 22 and 27) as they do among 
samples from widely separated deposits. 

The properties of the Reese River wooJly erionite 
(Iabeled "RR") are shown in the four diagrams dis­
cussed below and are within the known limits of prop­
erties of erionites from the various sedimentary envi­
ronments, whereas the Durkee wooJly erionite has 

The ternary diagram (Figure 6) shows the cation 
compositions of the 28 erionites selected from the ref­
erences (Table 2) and the Reese River woolly erionite 
(RR). In general, the samples from sedimentary rocks 
are enriched in alkali ions and plot in the lower part of 
the diagram. The Reese River erionite is one of the 
more potassium-rich specimens and plots in a diffuse 
region between the two rock-type categories. The Dur­
kee woolly erionite (Nos. 8 and 10), however, is among 
the potassium-poor samples. Note that the field of er­
ionite data is bounded by potassium compositions of 
25% K and approximately 60% K. The maximum 
amount of either Na or of Mg + Ca is thus about 75%. 

The cation chemistry shown in Figure 6 reaffirms a 
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Figure 8. Erionite unit-cell variations. Sample occurrences 
and references are given in Table 2. Solid circles = woolly 
erionites; open circles = erionites from sedimentary rocks; 
plus signs = erionites from mafic lavas ; dashed slanting 

.Iines = contours representing unit-cell volumes . 

suggestion by Sheppard and Gude (1969) that the rel­
atively narrow range in potassium content may be im­
posed by structural requirements . Subsequent crystal­
structure determinations by Gard and Tait (1971,1972) 
were summarized in their 1972 paper as follows: " ... 
each cancrinite-type cavity contains one K ion that can­
not be removed or replaced without disrupting the 
frame . ... This explains the narrow range of K content 
in erionite and offretite noted by Sheppard and Gude 
.. .. " Breck (1974, p. 79) stated" . . . potassium ... 
is locked within the structure in positions in which it is 
not free to move." 

In Figure 7, the chemical components, other than 
water, are shown as ratios of the cations, (Na + 
K):(Na + K + Mg + Ca), and the framework ele­
ments, Si:(Al + Fe3+). The clear trend on this diagram, 
upward and toward the right, denotes the effect of the 
host rocks on the chemistry of the erionites. Erionites 
from mafic lavas are more aluminous and more alkaline­
earth rich than are erionites from the sedimentary rocks 
where the silicic vitric tuffs alter to silica-rich and al­
kali-rich erionites. A Si:(AI + Fe3+) ratio of about 3.2 
separates the major environments of deposition. No­
ticeable exceptions are the New Zealand marine an­
desitic tuff (No. 3) and the two Durkee woolly erionite 
specimens (Nos. 8 and 10). Both of these occurrences 
have probable sources in mafic rocks, as noted above 
in the discussion of Figure 6. Woolly erionite (RR) with 
a ratio of 3.39 is well within the siliceous sedimentary 
rock-type field. 

X-ray diffraction data have been published for only 
16 of the 29 erionites in the compilation. Figure 8 is a 
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Figure 9. Erionite unit-cell volume (A3) and compositional 
variations. Sample occurrences and references are given in 
Table 2. Solid circles = woolly erionites; open circles = er­
ionites from sedimentary rocks; plus signs = erionites from 
mafic lavas. 

plot of these data showing the unit-cell parameters: a 
(A), c (A), and V (A3). Composition of the host rock 
affects the crystal structure characteristics as well as 
the chemical properties. Thus, erionite unit cells are 
smaller for samples from siliceous tuffaceous sedimen­
tary rocks than from mafic lavas . The available unit-cell 
data as plotted show two clusters that represent erion­
ites from mafic lavas and sedimentary rocks. If addi­
tional unit-cell data were available for all the chemically 
analyzed erionites, the clusters would probably co­
alesce and fill the gap between the field. Thus, a con­
tinuous band would extend upward and toward the right 
in Figure 8. The Reese River woolly erionite (RR) has 
the smallest volume (2267.1 Aa) and the smallest value 
for a (13.186 A). 

The type woolly erionite from Durkee has properties 
that match those of erionite samples from mafic lavas 
even though it is found in a rhyolitic welded ash-flow 
tuff in specimens culled from a long-abandoned and in-
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accessible fire-opal mine. The tuff itself is at the base 
or in the lower part of a lacustrine sequence that un­
conformably overlies scattered thin basalt flows. In­
asmuch as no information is available on the exact po­
sition of the erionite seams in the mine, one can only 
infer that the source solutions for the erionite may have 
been derived from a concealed basaltic body. 

The combined Si:(AI + Fe3+) ratio and unit-cell vol­
ume data shown in Figure 9 reinforce the observations 
from the preceding diagrams. Silica-rich, small unit-cell 
erionites are found in tuffaceous sedimentary host 
rocks, whereas less siliceous, magnesium-calcium en­
riched, larger unit-cell erionites occur in mafic lavas. 

Neither chemical nor physical properties distinguish 
woolly erionite from other erionites. However, the in­
fluence of the host rock on all the erionites is clear. Si­
liceous tuffaceous sediments yield alkali-, and silica­
rich, small unit-cell erionites, whereas mafic lavas host 
more aluminous erionites with larger unit cells. Al­
though the gray vitric tuff at Reese River is the most 
likely source for the constituents that ultimately formed 
the erionite, a problem still remains. Why does the er­
ionite form as woolly crystal masses here and at Durkee 
rather than the common prismatic, acicular variety 
found in abundance elsewhere? 
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Pe3IOMe--IIIepcTen0,l106HbIH 3PHOHHT H3 OCa,l1KOB peKH PHH3 B HeBa,l1e 5IBJIAAC5I TO)l(,llecTBeHHbIM no BH,l1y 
K TOMy, KOTOPbIH HaXO,l1HTC5I OKOJIO !l:ypKHH B OperoHe. 06a 3TH 3PHOHHTbI OTJIH'IaIOTC5I no BH,l1y OT 
Bcex OCTaJIbHbIX Haii,l1eHHblx B nOCJIej\HHe 20 JIeT B nopoj\ax B pa3JIH'IHbIX qaCUIX MHpa 3PHOHHTOB, KOTO­
pble onHCbIBaIOTC5I KaK npH3MaTH'IeCKHe no nOBej\eHHIO. HellIepcTenoj\06Hble 3PHOHHTbl BCTpe'laIOTC5I 
oc06eHHo 'IaCTO KaK MHKPOCKOIIH'IeCKHe KPHCTaJIJIbl B AHareHeTH'IeCKH H3MeHeHHbIX BHTpoKJIaCTH­
'IeCKHX 03epHblx ocaj\Kax KaHHo30HCKOH 3nOXbl. IIIepcTenoj\06HblH 3PHOHHT H3 peKH PHH3 BbIllOJIH5IeT 
coej\HHeHH5I B cepblx j\0 KOpH'IHerO-Cepblx 03epHblx HJIJIHCTbIX nopo,l1ax, Bep05ITHO H3 nJIHoIleHOBoH 
3nOXbl, B 30He OKOJIO 1 MeTpa TOJl~HbI nOA 3aMeTHbIM cepbIM CTeKJIOBHIIHblM TY<!>OM. KOMnaKTHble 
MaCCbl j\JIHHHbIX 3aKpY'leHHblX llIepcTenoj\o6HblX BOJIOKOH 3pHoHHTa HaXO)\j[TC5I B nJIOCKOCTH coej\H­
HeHHH H MeCTHO accoIlHHPYIOTC5I c OnaJIOM. IloKa3aTeJIH pe<!>paKIIHH paBHbl: W = 1,468 H € = 1,472; 
IIapaMeTpbI reKCarOHaJIbHOH 3JIeMeHTapHoH 5I'IeHKH: a = 13,186(2) A, c = 15,055(1) A, H V = 2267,1 
(0,9) A3. XHMH'IeCKHH aHaJIH3 llIepcTenoj\06Horo 3pHoHHTa AaeT cJIej\YIOI.QHH COCTaB 3JIeMeHTapHoH 
JI'IeHKH: Na,.o,Kz .... Mgo.3Ca,,69A1 •. 18SiZ7.84072· 28,5IH.O. [E.C.] 
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384 Gude and Sheppard Clays and Clay Minerals 

Resiimee-Wolliger Erionit von der Reese River Lagerstatte, Nevada, entspricht in der Erscheinungsform 
dem der TyplokaliHit in der Nahe von Durkee, Oregon. Diese beiden Erionite unterscheiden sich in der 
Erscheinungsform von alien anderen Erioniten, die in den letzten 20 Jahren in verschiedenen Gesteinen 
in der ganzen Welt beschrieben wurden. AlIe diese Erionite weisen prismatische oder nadelige Formen 
auf. Die nichtwolligen Erionite treten vor allem als mikroskopisch kleine Kristalle in diagenetisch umge­
wandelten, vitroklastischen, lakustrischen Lagerstatten aus dem Kanozoikum auf. Der wollige Erionit von 
Reese River fiillt Gange in einem grauen bis braungrauen lakustrischen Tonstein von wahrscheinlich plio­
zanem Alter in einer etwa 1 m dicken Zone unter einem auffilligen grauen, glasigen Tuff. Kompakte Massen 
aus langen, gekrauselten, wolligen Erionitfasern liegen parallel zu den Kluftebenen, gelegentlich zusammen 
mit Opal. Die Brechungsindizes sind w = 1,468 und E = 1,472; die hexagonalen Zellparameter sind a = 
13,186(2) A, c = 15,055(1) A, und V = 2267,1(0,9) A3. Eine chemische Analyse des wolligen Erionit ergibt 
eine Zusammensetzung der Elementarzelle von Na1.o1K2.B4Mgo.3Cat,69AIB.IBSi27.B4072· 28,5IH20. [U. W.) 

Resume-L'erionite laineuse du depot de la riviere Reese, Nevada, est identique en apparence it celle de 
la localite type pres de Durkee, Oregon. Ces deux erionites sont differentes en apparence de toute autre 
erionite rapportee dans les dernieres 20 annees de roches diverses it travers le monde, et qui est prismatique 
ou aciculaire de constitution. Les erionites non-Iaineuses sont particulierement courantes en tant que cris­
taux microscopiques dans des depots vitroclastiques lacustrins aiteres. L'erionite laineuse de la riviere 
Reese remplit des joints dans une argilite lacustrine grise, probablement d'age pliocene, dans une zone 
d' epaisseur d' environ 1 m, sous un tuff gris vitrique remarquable. Des masses compactes de longues fibres 
bouclees, et laineuses sont dans le plan du joint et sont localement associees avec de I'opal. Les indices 
de refraction sont w = 1,468 et E = 1,472, les para metres hexagonaux de maiIle sont a = 13,186(2) A, c = 

15,055(1) A, et V = 2267,1(0,9) A3. Une analyse chimique de I'erionite laineuse a rendu une composition 
de maille de: Na1.01 K2.B4Mgo.3Ca1.69AIB.lBSi27.84072· 28,5IH20. [D.J.) 
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