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Abstract — Large hydrothermal deposits of halloysite clay occur in the Terraced Hills, Washoe County,
Nevada and similar bedies probably are present elsewhere in the Basin and Range province. The host
rock, an andesitic tuff, is underlain and overlain by volcanic flows; all these rocks are late Miocene to
Pliocene in age. The clay bodies are composed mostly of halloysite with some iron oxides, variable
amounts of feldspar and quartz, and locally some montmorillonite. Commonly all the pyroclastic unit
is altered to halloysite material. In one locality, however, the halloysite body is restricted to the upper
part and it is in sharp contact with underlying, partly montmorillonitized tuff. The contact of a clay
body with the overlying basalt is distinct. Generally some halloysite is present in the lower part of the
basalt and montmorillonite occurs in both materials near their contact. The solutions that altered the
tuff were generated during volcanism, rose along high-angle faults, and were restricted to the permeable
and otherwise favorable vitric tuff by the capping of relatively impermeable basalt.

INTRODUCTION

ALTHOUGH halloysite formed by hydrothermal
processes is rather common, the occurrence of this
clay mineral in large relatively pure bodies has sel-
dom been reported. This paper describes large
deposits of halloysite, formed by the hydrothermal
alteration of volcanic rock, that occur in the Ter-
raced Hills, Washoe County, Nevada (Fig. 1). One
of the bodies is being exploited (Fig. 2) by the
Nevada Cement Co. as a source of clay for port-
land cement. Geologic conditions such as those
responsible for the Terraced Hills deposits are
common in the Basin and Range province, and
similar clay bodies probably are present elsewhere
in the province.

GEOLOGIC SETTING
A series of andesitic to basaltic flows separated
by a pyroclastic unit are exposed in the mapped
area (Fig. 3); all these rocks are late Miocene to
Pliocene in age. The host rock of the clay is a pale
red to moderate brown devitrified andesitic tuff that
commonly contains fragments of pumice and other
volcanic rocks. In some places arkose or conglom-
eratic arkose is present in the upper part of the

pyroclastic unit in beds 3-10 ft thick.
The rocks underlying the tuff are gray andesitic
to basaltic flows with vesicular or, less commonly,
porphyritic textures. The overlying rocks are of
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basaltic composition. A dense, often vesicular, dark
gray basalt in the lower 30-40 ft of this sequence
has been differentiated on the geologic map (Fig.
3) in some areas. This basalt is overlain by a rela-
tively great thickness of flows that are more vari-
able in color and texture. Typically these are
grayish red, fine-grained rocks; some have a coarse,
vesicular texture.

The extrusive rocks are broken into a number of
structural blocks by northwestward- and northeast-
ward-trending high-angle faults. The dip of the
rocks ranges from horizontal to 45 degrees.

HALLOYSITE DEPOSITS

The halloysite bodies were formed by hydro-
thermal alteration of the tuff. Their present atti-
tudes are due to displacement of the tuff by
high-angle faults; probably most of the displace-
ment occurred before the development of the clay.
A few similar but more widely separated deposits
occur within several miles east and southeast of the
mapped area.

Commonly all the pyroclastic rock is altered to
clay but in one area complete argillization is re-
stricted to the upper part of the unit. Where arkose
or conglomeratic arkose beds are present in the
pyroclastic unit, they were partly replaced by hal-
loysite and montmorillonite or by lesser amounts of
montmorillonite only.

The most extensive exposure of the tuff-arkose-
clay unit is near the north border of Section 13, T.
27 N, R. 19 E, where the unit is nearly continuous
for half a mile. Near the west end the rocks dip


https://doi.org/10.1346/CCMN.1971.0190202

72

°Elko

Terraced Hills Cloy Deposits

Pyramid
Lake

oReno

oCarson City

__S0 miles Los°Vegas

Fig. 1. Index map of Nevada showing location of Terraced
Hills halloysite deposits.

northward at low angles and the underlying and
overlying volcanic flows are exposed within a few
feet of the contacts. The halloysite body has a
stratigraphic thickness of about 60ft and it is
overlain by about 10ft of arkose that contains
some thin halloysite beds.

In the eastern part of the nearly continuous ex-
posure, however, the arkosic rocks are absent.
Here the halloysite body becomes thinner and is
restricted to the upper part of the pyroclastic unit,
immediately beneath the dense basalt. At the ex-
treme eastern end, the halloysite has a thickness
of about 10 ft. The contact of the halloysite and the
underlying andesitic tuff is sharp, and there is a
pronounced color change. The tuff is completely
devitrified and part of the matrix is altered to
montmorillonite.

The contact of the underlying volcanic rocks
with the clay or tuff is not exposed in the mapped
area but almost fresh volcanic rock is present in
several outcrops two or three feet stratigraphically
below the clay. The contact between halloysite and
the overlying basalt, a disconformity with slight
undulations, is well exposed in a few places (Fig. 4).
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The upper several feet of the clay is highly colored
by iron oxides but the original pyroclastic texture is
still evident. The lower two feet of the basalt com-
monly is altered to a softer material that retains the
vesicular texture and, usually, the dark color. Ir-
regular masses and veinlets of clay material are
present locally in the basalt near the contact. The
alteration products in the basalt are montmoril-
lonite and variable, but lesser, amounts of halloysite.

Most of the halloysite clay is grayish orange to
light brown. Much of the remainder is very light
gray; this color is more common in the upper half
of a clay body. Usually the color variations are
approximately parallel to the original crude strati-
fication of the rock. Hydrated iron oxides are the
principal coloring material in the clay. Hydrated
iron oxides also are present in fractures and vein-
lets; these are especially abundant in the darker-
colored clays.

Coarse pyroclastic fragments were common in
the tuff and are still visible in the clay. Most are
less than an inch in diameter but the observed maxi-
mum is 18in. Usually the fragments retain their
shape, texture, and color, even when they have
been almost completely converted to halloysite
(Fig. 5). Some of the larger or denser fragments
have been only partly replaced.

Mineralogy

The clay bodies are composed of compact, brittle
material with a dull to slightly waxy luster that
slakes rapidly in water to form granules or small
curved chips. Study of numerous samples by X-ray
diffraction, differential thermal analysis and the
optical microscope showed that the clay is com-
posed principally of halloysite, hydrated iron
oxides, and variable amounts of residual feldspar
and residual or introduced quartz. About 1 per
cent magnetite is present in small disseminated
grains. Montmorillonite was detected in a few
samples.

Most of the samples were cut from within 1 ft of
an exposed face. The samples were stored in air-
tight containers, except while being pulverized in a
mortar and pestle, to prevent any change of hydra-
tion state. X-ray diffraction studies showed that all
samples were mixtures of the fully-hydrated and
dehydrated forms of halloysite. Portions of some
samples were dried in air for 48 hr and examined
again by X-ray. These contained a much higher
percentage of the dehydrated form than did the
original material. It is probable that the fully-
hydrated form is the only type present in deeper,
unexposed portions of the deposits. Figure 6 shows
typical X-ray diffraction and differential thermal
patterns of the halloysite.

In the area where the halloysite body is underlain
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Fig. 2. View. looking north, of a ¢lay pit in the Terraced
Hills.
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Fig. 3. Geologic map and cross section of the western part of the Terraced Hills.
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Fig. 4. Contact between halloysite body and overlying
basalt.
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Fig. 5. Halloysite clay. showing pyroclastic fragments
that have been almost completely converted to halloysite.
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Fig. 6. Typical X-ray diffraction and differential thermal patterns of the halloysite.

by tuff, halloysite was not detected in the six sam-
ples of tuff examined. The mineral montmorillonite
is abundant in the tuff and in the lower several feet
of the clay body. The presence of montmorillonite
was confirmed by X-ray examination of powder
packs and oriented slides made from the —2u frac-
tion; these were tested in air-dried state, after solva-
tion with ethylene glycol, and by the Li* method of
Greene-Kelly (1953). Gypsum occurs in both the
tuff and clay near the contact.

At one place samples were taken at 6in. inter-
vals on both sides of the halloysite-basalt contact
and examined by X-ray diffraction methods. Mont-
morillonite was first detected in the basalt 2 ft
above the contact. The amount of montmorillonite
increased steadily from that point to a maximum in
the halloysite body one foot below the contact, and
then decreased to the limit of detection about 5 ft
below the contact. In the samples of basalt, halioys-
ite was either present in minor amounts or was not
detected.

Genesis

Geologic mapping and laboratory studies fur-
nished convincing evidence that the halloysite
deposits were formed by hydrothermal alteration
of the pyroclastic rock beneath a relatively im-
permeable basalt flow. The most definitive points
of evidence are; (1) the lack of gradational contact
between the clay and underlying rock such as
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might be expected in a residual deposit, (2) the
presence of some halloysite in the lower part of the
overlying basalt, and (3) the crosscutting relation-
ship of the clay body with its restriction locally to
the upper part of the pyroclastic unit.

The solutions that formed the halloysite are
believed to have risen along high-angle faults and
spread out into the permeable and chemically
favorable horizon. The tuffaceous rocks sand-
wiched between volcanic flows formed a natural
channelway for solutions fed into the area by cross-
cutting faults, and the solutions tended to be chan-
neled into the upper part of this permeable rock.
Adjacent to major fault channelways, all of the
pyroclastic beds were replaced but farther away
only the upper beds were replaced. The alteration
probably was accomplished by moderately acid
solutions generated during volcanism. The north-
westward-trending faults in the Terraced Hills can
be projected southeastward to an active thermal
area on the north shore of Pyramid Lake 8 miles
away.

The hydrothermal alteration was selective and
the fine-grained, glassy material was more com-
pletely argillized than the fragments of crystaline
rock. During the hydrolytic process that converted
the andesitic rock to clays, silicon, calcium, mag-
nesium, sodium, potassium, and possibly some iron
were removed and water was added. The overlying
rocks are not silicified such as they are in some of
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the Mexican hydrothermal clay deposits (Keller
and Hanson, 1969). The mineralogical zoning, with
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script and Tom Smith for help in preparation of illustra-
tions.

halloysite predominant in the clay bodies and mont-
morillonite present near the edges and in the ad-
jacent rocks, probably was completed during a
single period of hydrothermal activity.

Glassy igneous rocks are especially susceptible
to alteration, but in only a few cases has hydro-
thermal alteration to halloysite been reported.
Deposits formed by hydrothermal alteration of
glassy rocks have been described in the state of
Jalisco, Mexico (Keller, 1963) and Iki Island, Japan
(Minato and Utada, 1969).
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Résumé— De grands dépdts hydrothermaux d’halloysite se rencontrent dans les Terraced Hills,
Washoe County, Nevada, et il est probable qu’il en existe d’autres, ailleurs, dans la province de
Basin and Range. La roche mére, un tuf andésitique repose sur des coulées volcaniques, et en est
aussi recouverte; toutes ces roches datent de I’épogue miocéne supérieur & pliocéne. Les masses
argileuses contiennent essentiellement de I'halloysite, avec en plus des oxydes de fer, des quantités
variables de feldspath et de quartz, et localement de la montmorillonite. D’une fagon générale toute
I'unité pyroclastique est altérée en matériel halloysitique. Dans une localité cependant, la masse
d’halloysite est limitée a la partie supérieure et se trouve, d’une fagon nettement tranchée, au contact
du tuf sous jacent, partiellement montmorillonitisé. La limite entre la masse argileuse et le basalte qui
la recouvre est nette. En général, on trouve de I’halloysite dans la partie inférieure du basalte, et de la
montmorillonite dans les deux matériaux, au voisinage de leur zone de contact. Les solutions qui ont
altéré le tuf ont pris naissance pendant la période de volcanisme et sont montées le long de failles &
pente élevée; leur action a été limitée au tuf vitreux parce qu’il était perméable, et que de toute
maniére, il était disposé favorablement a cause de son revétement par du basalte relativement
imperméable.

Kurzreferat— Grosse hydrothermische Ablagerungen von Halloysit Ton kommen in den Terraced
Hills, Washoe County, Nevada vor und ahnliche Vorkommnisse existieren vermutlich in der Basin
und Range Provinz. Das Wirtsgestein, ein andesitischer Tuff, ist mit vulkanischen Fliessgesteinen
unterlegt und iiberdeckt, wobei all diese Gesteine von spit-miozdnischem bis pliozinischem Alter
sind. Die Tongesteine bestehen hauptsichlich aus Halloysit mit etwas Eisenoxyden, veridnderlichen
Mengen von Feldspat und Quarz, sowie Ortlich etwas Montmorillonit. Im allgemeinen wird der
gesamte pyroklastische Stein in Halloysitmaterial verindert. An einer Stelle bleibt jedoch das Halloy-
sitgestein auf den Oberteil beschriankt und steht in scharfem Gegensatz zu dem darunter befindlichen
montmorillonisierten Tuff. Die Bertihrungstelle eines Tongesteins mit dem dariiberliegenden Basalt
ist deutlich. Im allgemeinen ist etwas Halloysit im unteren Teil des Basalts gegenwiirtig und Mont-
morillonit kommt in beiden Materialen in der Nahe der Beriihrungstelle vor. Die den Tuff veriindern-
den Losungen sind im Vulkanismus entstanden, stiogen an steilen Verwerfungen empor, und blieben
zufolge der Bedeckung durch verhiltnisméssig impermeablen Basalt auf den permeablen und auch
sonst giinstigen glasartigen Tuff beschréankt.

Pestome — Ha Teppacosbix xonmax (Bamoy Kaynth, HeBana) umerotcs 6oibiuve raipoTepMalibHbIe
MECTOPOXIEHWS Tajllya3MTOBOR [JIMHbI; BEPOATHO, AHAIOTHYHBIC CKOTINICHAS TaJuIya3uTa HMEIOTCH
B HEKOTOPHIX paitonax mposuHumil Bolicuv W PaftHmk. BMmewmaroruas nopona (aHIe3sHTOBBIH TY(h)
NOACTHJIAETCS M MOKPBIBAETCA TABOBHIMH TIOTOKAMH ; BO3PACT BCEX 3THX [IOPOJ OT NO3AHEr0 MUOLICHA
[0 IJIMOUEHA. 3aJIeXb TJIMHBI COCTOMT, IJIaBHBIM 00pa3oM, M3 rajlyasura ¢ HeOORBIIMM KONM-
YecTBOM OKHMCJIOB JKelle3a ; B Pa3/IMYHbIX KOMHYeCTBaxX HabMonaeTcs noneBoi LaT M KBapL, MECTAMM
B [JIHHE OTMEYAETCA HEMHOIrO MOHTMOPHIUTOHATA. OOBMHO BeCh NMHPOKJIACTHYECKHH MarepHant
HpeBpailieH B ramtyasuTonomobHoe Bemectso. Ha omHoM ydacTke, ONHAKO, rajulya3suToOBOE TENIO
OpPHYPOYEHO K BEPXHEH YacTH MECTODOXICHHA, OHO HMMeeT YeTKHH KOHTAKT ¢ HHXKEICKallHM,
Y4aCTHYHO MOHTMODHJUJIOHMTH3KPOBAHHEIM Ty}pom. KOHTaKT rIMHMCTOrO Teja C JIEKAINM CBEPXY
6a3a15TOM TAKXe ABJIsAETCH YeTKMM. OOBIYHO HEKOTOPOE KOJMYECTBO Trajllya3uTa OOHapyXHBaeTCa
B HIKHEH YacTH 6a3anLTOBOTO TENa; Y KOHTaKTa B Ga3alibTe M rajulya3uroBOl IIMHe HabmonaeTcs
MOHTMODHJUIOHHMT. PacTBOpbl, M3MeHHWBIUIHE Tyd, reHEpHPOBAIMCHL NpPH [POUECCAX BY/IKaHH3MA,
MOAHAMAJTHCH BAOMb KPYTONaAalOIIHX CKNaJOK M LMPKYJIHpPOBAIH TOJILKO B MPOHALIAEMOM CTEKNO-
BHIHOM Ty(e IO MOKPOBOM OTHOCHTENHLHO HEMPOHHIAeMoro 6asanbra.

https://doi.org/10.1346/CCMN.1971.0190202 Published online by Cambridge University Press


https://doi.org/10.1346/CCMN.1971.0190202



