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RELATION OF MERCURY, URANIUM, AND LITHIUM DEPOSITS

TO THE MCDERMITT CALDERA COMPLEX, NEVADA-OREGON

James J. Rytuba and.Richard K. Glanzman
‘U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94025
Abstract

The MﬁDermitt caldgra complex, located along the Nevada-Oregon border, is a
Miocene collapse structure 45 kilometer in diameter. Large-volume rh?olitic
and peralkaline ash-flow tuffs were erupted from 17.9 to 15.8 m.y. ago,
leading to the formation of overlapping and nested calderas. Emplaeemen: of
rhyolitic ;ing'domes,‘located primarily along the western margin of the
calderas, represents the last phase of voleanic activity.

The complex is the site of large aeposics of mercury, an ore deﬁosit and
several occurrences of uranium, and widespread occurrences of lithium.
Mercury deposits at Cordero, McDermitt, Brgtz, Ruja, and Opélite occur along
'ring fractures in sedimehtary rocks that fill the calderas. Xear the deposits
the rocks are altered to zéolicas and within tﬁe ore zones to potassium
feldspar and silicate minerals. Although thé méréury deposits contain
anomalous concéncrﬁtions of ur;nium,_the most important uranium occurrences
are testticted.to rhyolitic ring,dom¢5»empiaced along the western margin of

the calderas.



Lithium occurrences are located in tuffaceous rocks that are altered to
zeoli:es.and potassium feldspar. Concentrations of lithium ranging from O.l.
to 0.68 percent are associated with the clay mineral hectorite. The
| rhyolitic rocks eruptéd from the McDermitt caldera complex are enriched in
mercury, uranium, and lithium and are likely source rocks for these elements
in the ore deposits. Tuffaceous caldera fill-sediment averages 0.29 ppm
mercury, 22 ppm uranium, and 236 ppm lithium; large-volume ash-flow tuffs

contain up to 0.26 ppm mercury, 20 ppm uranium, and 300 ppm lithium.



Fig. 1

Fig. 2

Introductibn
The McDermict c#ldera complex in the Great Basin province of the western
United States is a Miocene;collapse‘stfuctute consisting of nested and
overlapping calderas. The calderas occur along the Nevada-Oregon border

(Fig. 1) and occupy the Trout Creek, Double-H, and Montana Mountains.

Important deposits.and occurrences of mercury, uranium, and lithium occur
within the complex, including the largest producing mercury deposit in North
America. The size of the caldera complex, 45 km 1in north-south d}ameter and
35 km east-west, and its large volume of pyroclastic material 1,100 k¥, place
it among':he'largest known cauldron complexes.
Geology

The caldera complex is developed on a terrane of Mesozoic granodiorite and
Cenozoic basdlre, andesi:e; and dacite flows. The mafic and intermediate lavas
were erupted 24 to 18 m.y. ago and have a total ﬁhickness'in excess of 420 m
in the norchérn part of the coﬁplex (Fig. 2) Rocks of equivalent age in the
south are domina;ely dacite and andesite with a total thickness greater than
150 m. Reconstruction of the Miocene surface in relation to eruptiom of flows
at the end of volcan;c acﬁivity shows that a structural depression existed in
the area now occupied by the complex. ThiS'dépressiou may have formed because
of the lafge Yolume of erupted magma; within this basin local deposits of
clastic and tuffaceous rocks accumulated.

'Explosive rhyolitic'volcanism began with eruption of a large—?olume
ash-flow tuff sheet (Fig. 2, unit 1). The sheet is a simple cooling unit with

a maximum thiékness‘bf 230 m in the Double-H'Mbuncains. To thé north the unit

‘thins to 70 m in the vicinity of Hoppin Peaks and is absent in the Oregon

portion of the cqmplex} The sheet consists of black basal vitrophyre, 1.5 m



Iable 1

o

thick, with well-developed eutaxitic texture.that grades upward into a densely
welded,'vapor-phase-éltéted:tuff composed of alkali feldspar, criétobalite,‘

and soda amphibole. Vapor-phase crystallization has given the unit a

' granophyric texture and destroyed nearly all the original fragmental texture

of the tuff-"Secondary fldwagé features are common in both the vitrophyre and
the zone of vapor-phase alteration; flow foliation, lineation, and folds are
common .

Chemical analysis of the unit (Table 1) shows.tha: total alkalis exceeds
aluminum and that the rock is peralkaline. The moleculaf ratio of alkalis to
aluminum is 1.1, and total iron as FeO-plus-Mn0O is 2.55 percent, typical of
comendites. Excess sodium is revealed by tﬁe'presence of soda amphibole in
thé zone of vapor-phase alteration.

Dufing a hiatus in volcanic activity, tuffaceoﬁs_sedimentary rock as thick
as one meter was depositgd‘on the locally eroded top of unit l. Volcanic
activitjﬂresumed with deposition of several small-ﬁolume ash-flow tuffs having
a combined thickness of § m, followed by eruptioﬁ of a large-volume ash-flow
tuff that cooled as a single unit (Fig. 2, unit 2). The ash-flow tuff has a
maximum thickness of 210 m in the Double-H Mountains, a thickness of 55 m near
Hoppin Peaks, and is absent in the northern part of the caldera complex.

The basal vitrophyre of unit 2 15 3 m thick and characterized by green,
biack, and purﬁle bands. The remainder of the unit consists of densely
velded, vaéor-phasefalgered tuff composed.of alkali feldspar, soda amphibole,
and cristobalite in a granophyric texture. Secondary flowage features also
are common in this unit wbich exhibits flow folds well developed in the basal
vitrophyre. As in unit 1, chémical analysis indicates that unit 2 1s a

comendite, with a mqleculﬁr ratio of_total alkalis to aluminuh'equaling 1.1

-and total iron as Féohﬁlus-uno'at‘2374 percent. The areal distribution of



units 1 and 2 is very similar, suggesting that both were erupted from vents in
the southern part of the caldera complex;A

The third large ash-flow_tuff_(Fig. 2, unit 3) erupted 17.9 m.y. ago,
immediately after united 2 cooled; The ash-flow tuff is a simple cooling unit
with a black basal‘vitrophyre, 3 m thick, that is characterized by abundant
alkali-feldspar phenocrysts and an upper zone -of brown, densely welded,
crystal—rich tuff. In a few iocaliﬁies of the Double-H Mountains a
vapqr-phage zone is exposed that consists of a gray-green rock composed of
alkali feldspar, cris:obélite, and soda amphibole in a granophyric texture.
Chemical analysis of the vitrophyre (Table 1) indicates that it 1is
peraluminous; however, its large water content suggests that the rock may have
been subjected to alkali léachiﬁg and that sodium has been»dépleted. -Lipmén‘
(1965, 1969) and Noble (1970), for example, have shown that rhyolitic glasses
are susceptible to ground-water ieaching of sodium and potassium. The
mineraloéy of the v;por-phase zone indicates a peralkaline.rhyolite; chemical
analysis would designate it a comendite if sodium and potassium are
significantly depleted.

Two iarge-volqmé'ash—flov tuffs, units 4 and 5, with ages of 15.8 m.y.
occur in the'nd;thern part of the caldera complex and in small areas north of
Hoppin Peaks. The tuffs are simple cooling units with a combined thickness in
excess of 120 m on the northern rim of the cbmplex and 10 m north of Hoppin
Peaks. -Thg distribution of both units 4 and 5 is similar and indicates that
the source of the tuffs was in the northern part of the complex. Unit 4 is a
gtay_cryétal-richituff that -is usually unwelded where less than 5 m thick.
Thicker sections, locally up to 30 m, have an unwelded b#se, grading upward
into a densely velded zone of overlying black vitrophyre. Above the.

"vitrophyre. the unit is a vapor-phase-altered tuff consisting of alkali



Fig. 3

' feldspar, cristobalite, and soda amphibole. The mineralogy and gray-green

color of the rock suggest that it is peralkaline rhyolice. Unit 5 caps the

top of the'Trqht Creek Mountains and has an exposed thickness of 90 m, but i:ts
orignial thickness. is unkﬂ&wn because the upper part has been erodeq. ro the
south, the unit thins to a_few meters near Hoppin Peaks, where it occuples
Miocene stream ghannéls developed on the andesite basement.

The base of unit 5 is characterized by a brick-red crystal-fich tuff,
unwelded at the base and grading upward into a black vitrophyre 2 Q thick.
Tﬁe rest,bf the unit consists of densely welded, vapor-ﬁhase-al;eréd tuff
composed of alkali feldspar, cristobalite, and soda amphibole in a granophyric
texture. Locally aensely welded, brown crystal-rich tuff is in:grstratified
with greenish—gray tuff in the vapor-phase-altered zone. The.mineraiogy and
color of this unit, which are similar to those of the other tuffs, suggest
thag.it too is peralkaline.

Eruption of each large-volume ash-flow tuff formed a collapse caldera, and
later resurgence gaﬁe rise to a central resurgent dome within each caldera.
Parts of five ring-fracture zones (Fig. 3) indicate that the calderas are
complexly overlapping and partly nested within each other. The best preserved
caldera,is located in the extfeme southern part of the complex and 1is here
informally named the Calavera caldera; it has a diameter of 18 km and is

nearly circular. The northern scarp of the Double-R Mountains defines the

. southern ring-fracture zome of the Calavera caldera. Large<scale landsliding

along the original caldera rims has developed an irregular topographic edge

about half a kilémeter south of the original ring fractufe._ The eastern and

. northern border of the caldera are coincident with Cfovléy Creek, and - the

northweét'fing fracture extends the length of Calavera Canyon. 'The entire

western margin_bf the caldera has beén‘displaced~below the Rings River Valley



by a large Basin and.Range fault bordering the west side of the Mont&na
Mountains. A resurgent dome occupies the southeastern part of the mountains.

Another well-preserved caldera found in the northernmost portién of the
complex was originally defined by Walker and Repenning (19655 to coincide with
the southern scarp of the Trout Creek MOungains; further mapping has shown
that this caldera is 27 km in diameter and oval in shape. The western margin
extends along the scarp defined by Disaster Peak and the adjacent hills, and ‘
the southern margin coincides with the upper part of Crowley Creek.
'Southeastern #egments of the ring fracture;likely extend through Long Canyon;
extensive landsiiding has displaced the original rim by ! km north of the
ring-fracture zone. A central resurgent dome occupies long Ridge; for which
the caldera is informally named.

In the northeast part'of the compléx~is a less well preserved circular .
caldera, 21 kﬁ in diameter; its southern and eastern segments are defined by
the northeastern scarp of the range of which Hoppin Peaks are. a part. The
northeastern part of the ring fracture extends through the extreme southern
part of-the_Ttﬁut Creek Hountains; where landsliding and ﬁormal faults have
modified its orignial topegraphic expression. . The western part of the caldera
is obscured by younger volcanic deposiﬁs. A resurgent dome is present in the
topographic high between McDermitt and Washbﬁrn Creeks; the caldera is
‘informally named the Washburn caldera.

A poorly preservéd'coilapse structure, 21 km in'diaméter and informally'
~named the Jordan Meadow caldera, occurs in the central portion of the. complex.
~Only the eagtern and vesﬁéfn.ségments of the ring fracture are preserved; its
eastern segment extends along the western scarp of the Hoppin Peaks range. To .
the south the ring fracture 1s cut off by the Calavera caldera, and to the

north it is covered by younger volcanic-rocks. The western part of the ring



fracture is on the southern side of Horse Creek Canyon; to -the south of the
ring'ffacture terminates against a normal fault, and to the north it is cut
off by the Long Ridge caldera. A well-preserved resurgent dome occupies the
topographic high of Jordan Meadow Mountain. A poorly exposed, unnamed caldera
coincides with the southern ring fracture of the Calavera caldera and extend

-eastward into the Quinn River Valley, yheré it is covered by alluvium. The
rést of,tﬁé ring féactu;e has been obscured by more recent faulting, and its
location is uncertain. .

Chrbnéiogic development of the five calderas and their relations to thé
five large-volume ash-flow tuffs have not.yet been determined. Further dating
of the resurgent domes sﬁould accurately date each collapse event and provide
a correlatioﬁ with the ash~flow tuffs.

Sedimentary rocks, consisting of tuffaceous sandstone, siltstone, and
shaie £fill the moat portions of the calderas. . Near the caldera ring-fractgre
zones are alluvial fans composed of coarse pebble congloﬁerates, The rocks
are thickest (more ;hanleO m) in parts of moats nearest the ring-fracture
zones. An andesite flow interstratified with the rocks has a K-Ar age qf
;6.4tl.2 m.y. and indicates that most of the rocks were‘geposited shortly
after fotﬁa:ibn of the calderas. The rocks are more deeply eroded in the
northern and western part of the complex because of a 12° regional tilting of
the Trout Creek-Montana-Double-HE block to the sou:heastjv_Upl;ft and tilting

 on an eastward-trending fault that forms the southern scarp of the Montana
Mountains have alsovresulted in deeper erosion of the rocks on the western

margin of the complex.
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Unaltered vitric sedimentary rocks suitable for chemical amalysis are found

‘in the extreme northeast part of the Long Ridge caldera and {n the southern
. part of the Calavera caldera. Chemical analysis of the glass shows that it
" contains up to 8 percent water; because of the high water content, the

" analysis in Table | has been recalculated water free. Assuming no alkali

leaching occurred, the tuffs are peraluminous rhyolites. Throughout the rest
of the complex, the tuffs have altered to zeolite assemblages owing to
diagenesis and hydrothermal ac:ivity (Ryt@ba, Glanzman, and McCarthy, 1977;
Glanzﬁan, Rytuba, and'McCérthy, 1§78)- The observed zeolites include:
erionite, clinoptilolite, mordenite, and analcime; aufhigenic‘potassium
feldspar is also an important alteratiom product.
Mercury Deposi:s

Five ecqnomic deposits and several occurrences of mercury lie witﬂin the
caldera complex. The Opalite, Bretz, and McDermitt deposits occur. in
moat-filling tuff#ceoQS sedimentary rocks, and the Cordero and Ruja deposits
are localized in volcanic rocks near the ring-fracture zone. The McDermitt
deposit is the only deposit being mined and is presently the largest mercury
deposit in North America, with reserves estimated to be 300,000 flasks. Thé
McDermitt, Cordero, and Ruja deposits-afe located along and adjacent to the
gsoutheastern ring-fracture zone of the Washburn caldera, the Opalite deposit
along the §rojec:ed.:race of the nqrthwes;ern ring;fr;cture zone, and th;
Bretz deposit alomg and adjacent to the uortheastIring-fracture'zoné of the
Long Ridge caldera (Fig. 3). Cinnabar is the main ofe mineral in -all the

deposits, and in the McDermitt deposit corderoite, Hg3SZC12; is also abundant.

",‘Other mercury and antimony minerals include mosesite, kleinite, calomel,

montroydite, stibnite, and tripuhyite. Gangue minerals- associated with the

ore include quartz,\cris:qbalite; potassium feldspar, clinoptilolite,



Fig. 4

Fig. 5

mordenite, -alunite, kaolihite, and montmorillonite; anomaloussﬁssociated,créce
elements include As, Mo, Be, Sb, and U. |

Tuffaceoﬁs sedimentary rocks surrounding the McDermitt depoéit show thrée
distinct: zones of alteration, which extend lacaraily from the deposit
(Fig. 4). At distances greater than 4 km away, the rocks are unaltered and
consist of water-laid vitric tuffs. Extending from the fresh glass zone to
the deposit is a narrow transitional zome of glass + clinoptilolite + erionite
and a large inner zome of clinoptilolite and modenite. In the ore zoﬁe
potassiuh_feldspa; and smectite clays are the predominant alteration products
(Figf 5). Local beds of alunite and kaolinite occur immediately above :he'ore
horizon.

Cristobalite 1is present in all the alteration zones, its'crystallinity
varying with distance from the McDermitt deposit. .The crystallinity is
deterﬁined by 1ts d(101) spacing: Completely crystalline criﬁtobalite has.a
value of A.O&A; nearly uncrysfalline cfistobalite,.A.IZK-‘ Around the
McDermitt deposit the'cr;gtobalite decreases in crystallinity systematically
away from the center. Cristobalite from the potassium feldspar zone, where it
is intimately associated with the ore minerals, has d(10l) spacing of 4,064,
which indicates a:high_degtee of crystallinity. Iﬂ the clinoptilélite +
modenite zone spacing ranges from 4.08 to 4.09&; the higher values occur
further from the deposit. 'Spacing ;anées from 4.10 to 4.11% in tﬁe glass +
clinoptilolite + erionite zoﬁe, and the silica iS'cémpletely noncrystalline in
the unaltered vitric zone. This ptogres;ive decrease in crystallinity-is
éimilgr to tﬁat reported by Murata and~Lars§n (1975) for cristobalite in
Montefey shéle; théf*tel#ted decreasé in crystallinity to a decrease in strata
burial depth and.a decrease in temperature;vjrhé decrease in crystallinity

around the chermitt.depositxhasureSultedAfram a decreasing temperature away
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from the deposit; a therm;l gradient-extends laterally from the deposit into
the country rocks for-a distance of 4 km. Homogenization of fluid inclusions
in quartz'in&icaﬁes a m#ximum temperature of 200°C‘at the core of the deposit,
where the cristobalite is most crystalline. Because of the thermal gradient,
zeolite alcerétion zones formed around the deposit, and.the size of the
alteration aureole aefines the maximum extent to vhich reactive hydrothermal

£ luids penetracgd inﬁo-thé country rocks. | |

A similar type of alteration pattern surrounds the Opalite and Bretz
deposits and indicates that, in plan view, the hydrothermal cells were
circular and had a mﬁximum temperature at the core of the deposit.

Uranium Deposits

Deposits and occurrénces of uranium in the caldera complex occur in two
eavironments: rhyolite ring domes and intrusive bodies, and mercury deposits
within the tuffaceous sediméntary rocks. Uranium concentrations within the
rhyolite domes and intrusions are the most economically significant.-

The Moonlight mine and several uranium occurrences are located in rhyolite
domes and near surface-intrusive plugs emplaced along the western
ring—fractgre zone of the Jordan Meadow and Calavera calderaﬁA(Fig. 2). The
intrusions and domes, exposed along the western séarp'of the Montana and
Double-H Mountains, are‘porphyritic.rhyolites that contain 10-20 percent
phenocrysts of quartz, albite, and potassium feldspar in- a groundmass of
glass. In.:he core of:the.intrusive rocks and iﬁ the vicinity of the ore
-deposits thé groundmass '1is devitrified and consists of sphétul#tes of quartz,
potassium feldspar, and rieheckite. Chemical anal}sis ofia vitrophyre ffom
one of the rhjoli:e'domés,inditateSfthat it*is»pe:alumiﬁods_rhyolite
(Table 1),-altho§gh videSpreQd occurrenée of riebeckite in many of the domes

. and intrusions indicates that some, perhaps most, are peralkaline rhyolite.
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A small number of K-Ar dates demonstrate that the domes and intrusions in
the western ring-fracture .zones were emplaced from 14.6 to 13.5 m.y. ago and
thus represent the last stage of rhyolitic volcanism in the complex. Other
und;:ed rhyolite domes were emplaced along the northern ring-fracturé zone of
the Long Ridge and Washburn calderas; the intrusions and domes were emplaced
after most of the caldera fill-sediment was deposited. Reconstruction of the
Miocene surface indicates that the presently exposed intrusions were emplaced
from 100 to 800 m below the Miocene surféce and that some of the {ntrusive
rocks surfaced to form extrusive domes. Contacts of the intrusions with the
coﬁntry rock are sharp; and evidence for forceful emplacement of the rhyolites
is common.

‘Intrusions and domes associated with the uranium deposits are altered to
potassium feldspar, quartz, and pyrite. Potassium feldspar partly replaces
plagioclase phenocrysts and large portioﬁs of the groundmass; veinlets of
quartz and potassium feldspar are also present. Country roﬁks adjacent to the
intrusions and tuffaceous sedimentary rocks above the intrusion§ are also
altered to this assemblage. Local argillic alteration.to nontronite occurs on
fractures and in the groundmass. |

In Moonlight mine, ore occurs along the brecciated contact of the intrusion
and the.éaldera«wallrocks and includes both grénodiorite and andesite. The
ore mineral is pitchblende,'and gangue minerals' are pyrite, qﬁartz, and
fluorite; in the oxidized portibn of the deposit autunite and hematite are

‘present. Anomalous concentrations of molybdenum, beryllium, and mercury are
.présent in-and outside the ore zome. Fluid inclusions in quartz associated
with the pitchblende indicate a deposition temperature qf 330°C, and
-stratigraphic evi@en;e indicates ﬁhat the déﬁosit formed at-'a shallow depth of

" about ‘800 m.

12 -



Fig. 6

The Moonlight mine and associated occurrences are very.similar to deposits -
described by S§i£n0§ (1977) asv"mélybdenum-uténium:deposits in subvolcanic‘
intrusions.” In‘dEQésiﬁs in the U.S.S.R.; the ihtrﬁsive necks of extrusive
alaskite:and rhyolite doﬁés érg mineralized with veins.and stockworks of
pitchblende and'iesser amounts of jordisite, pyrargyrite, and éinnabar. The
intrusive rocks occur along high-angle faﬁlt zones, which may be
caldera-related fractures, and the ore tends to occur near the fractured and
brecciated margins of the intrusives. Widespread potassic gltera;ion is
unlike that at .the Moonlight mine because sericite rather than potassiuﬁ
feldspar occurs with the pyrite aﬁd quartz. The deposits are conéidergd to

have formed at shallow depths:of 300 to 500 m and over a temperature interval

“of 120-200°C.

The second type of uranium occurrence'within the caldera complex consists

of local concentrations in the mercury deposits. Anomalous concentrations of

~uranium occur within the»Bre;z, Opalite, aﬁd McDermitt deposits; up to several

hundred ppm uranium is associated with brecciated opalite and altered
sedimentary rocks containing goethite and (or) pyrite. Zeolitized country

rocks adjacent to the Opalite mercury deposit are depleted in uranium .comtent

~ as compared to the unaltered tuffaceous sedimentary rocks (Fig. 6). In the

zone of potassium feldspar alteration the uranium content is higher and’
reaches 1té.highesc~cqncentration,in the sulfide~bearing opalite

(Rytuba, 1977). Radiocactivity measurements of the Opalite deposit show that

‘readings as high as several thousand counts per second occur over some parts;

in'comparisdn;,tﬁe»unélteted and unmineralized sedimentary rocks average 160

" counts per second. The presence of anomalbuSgconcentrations of uranium in the

opalite-type mercury depbsits 1ndica;es”that“radiéactivi:y"su:veys»ére a

-potential exploration method here and may be applicable elsevhere.
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Ihé occurrenée ofuopaiite-type mineralization. in tuffaceous sedimén:ary
rockSvoverlying'the rhyolite intrusion that cdntains the Moonlight deposit
suggests that the ﬁiheraliz&ti&n df ufanium and that of merﬁury afe related,
' mercury being.concentrated,at or .near the surf#ce and uraniﬁm conceytrated
mdstly at deeper levels. Similat tra;efelementAsuites (Be, Mo, As, and Sb)
associated with the.gpalite-typé merbury and uranium déposits also support
this concept.

‘Lithium Occurrences .

Economic concentrétious,of lithium occur Vithin the tuffaceous moat-filling
sedimentary rocks oflthe caldera complex. As much as ‘0.68 pé:cent Li is
present in the rocks in the form of hectorite. and some other, but as yet
uncharacterized, lithium-bearing mineral (Glanzman, Rytuba, and
McCarthy, 1978). HighsiithiUm concentrations occurvin lacustrine beds within
the tuffaceous sediméntafy-rocks and are the.highest réported concentrations
of.lithiug for fhis type of environment.

Distribution of lithium within the caldera complex is‘closeiy'related to
the zeoii:e alteration zones developed in.the}tuffacébus sedimentary rocks.
Analysis of unaltered :ocks indicates that the original lithium content of the

sediment averaged 230 ppu, higher than normal for average rhyolitic rocks
(approximately 50 ppm). During zeolitizatioﬁ of the rocks lithium was
depleted in the-altefation ;one$ qf_erionité; cliﬁdﬁ:iloli;e,‘and mordenite
and‘conéentrated inLtﬁe alteration zﬁnesiof gnélcime and ‘potassium feldspar.’
Rocks altered to- erionite have an average lithium-cbntent bf-160 ppm, and
those altered to c¢linoptilolite and mof&enite Qve;age 100 ppm.: - Locally,

- ‘however, hecxorité.is“inte:bédded with clinoptilolite.



Ihe_largest‘ateas aod highest‘Concgntrations.of lithium occur in the
western parts of - the Long Ridge, Jofdan7neaoov, ;na Calaverav calderas. 'The
toffaceous oedimentary rocks invthié area routinelyuoontain greater than
0. 3 percent lithium over large stratigraphic intervals and constitute a major
economic reserve of lithium. The rocks are altered to potassium feldspar,
‘anolcime, and quartz. - Pﬁrite 15 ubiquitous. Petrography of the rocks shows
that potassium,feldspar’pseudomorphically,réplaces analcime and that the rock
was initially altered to analcime and then further to potassium feldspar. The.
high correlation coefficient, 0.65, of lithium with analcime~containing
samples indicates that liﬁhium'was coucentrated.during the stage of analcime
alteration; the rocks were-subsequentlj converted to potassium feldspar
because of thermol fluids generated during the emplacement of rhyolitic domes
and intrusive bodiés along the ring-fracture zone.

Relation of the Caldera Complex
to the:Ore.Depositso

ﬁnaltered rhyolitic rocks associated vithlthe caldera complex are
anomaloosly high in thebsame'eiements that occur in economic concentrationms
within the complex: Hg, U, and Li. The large-volume'ash-flow tuffs contain
from 0.25 to 0. 65 ppm Hg; the rhyolite domes, 1ntrusions, and sedimentary
rocks, somewhat higher concentrations (Table 1). These conoentracions areA
from one to two oroers of oagnitude.above those reported in average rhyolite
(Ozerovo, 1976b5, ;odICat;ng that igneous‘forﬁation of~fhe McDermitt rhyolite
‘was also an.effective ﬁrocéSS for concentra;ing'morcdty. Volcanic country
‘vrocks=adjacen: to‘lafge ne;cury deposits- in the U.SrSaR.‘(Ozorova; 1976a) and
in Spaih also contain anomalously high‘leveis;of,the element for as far as
“several hundred kilometers from the depositS"as in the HcDermitt environment,

these large volumes of. mercuty-enriched rock were generaced prior to the
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formation of the deposits. Thus, ;nitial concentration of mercury in the
ﬁountry rocksriS'likely an imﬁortant-prereqﬁisite for the development of large
mercury deposits. |
~ Rhyolite rocks erupcad from the McDermic: complex provide a source for the-
mércuryw Hydrothermal systems along the ring-fracture zones of the calderas
apparent;y removed,mércuty'from the ;ountry rocks at depth and reconcentrated
it 4in the'near—surfaée-envirouﬁent. The size of the alteration aureoles
arouﬁd»the mertury deposits indiéateS'that largé volumes éf rock were
penetrated by;the_hydrothermal system."Laboratoii éxperiments reacting
McDermitt rhyolite with various hydrothermal solutions at 200°C (unpub. data)
indicate thatAnearly all the mercury partitions into the fluid phase to
coustitute a poteatial ore-forming solution.

The rhyolitic rocks in thg caldera ‘are similarly enri;hea in lithium to
about an order of magnitude a£ove average rhyoli:g-(Table 1. Lithium is-
highly soluble and readily leached from rhyolitic glasseé by.g:ound watérs
(Zielinski, 1977) and by hydrothermal solutions (unpub. experimental data);
the p:dcesses of low-temperature alferation of the tuffaceous sedimentary
rocks to zeolites and of hydfochermal_a;teration of the ash~flow tuffs and
sediments during‘fgrmatiou'of ﬁhe‘mercury and uranium deposits would leach
large amounts of lithium from the previously abnormally rich country rocks.
Becausé::he caldera complex providgd a closed basin, these lithium—enriched
solutions concentrated in the lowest pa;t of the basin and were subsequently
incorporﬁted:intdflithium¥bear£ng clay. | |

) Although-thé urﬁniumﬂébnténﬁ of the”ihyolitid toﬁks 1s also anomalously '
. high the enrichmen: factor for uranium relative to normal rhyolite is not so
7:great as :ha: for li:hium and mercury’ (Table 1). »The uranium'deposits are

closely associated vith :he rhyolite ring domes and intrusions, and this close
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spatial relatioﬁ'indicates a genetié'rélationshib-td_the iﬁtfusive,rocks; The
~original uranium §On;ept of,ﬁhe miﬁeralizéd intrusions and domes cénnot be
dete;mined bécausejofihydroihérmal alteratién of the rhyolite. ﬁthdrated
vi:rophyre'frcm-the.margin‘of an‘unmiﬁeralizgd dome contains as much as 1C0
ppPR uranium; if this uranium content charactefi?es'the mineralized domes as
well, then thé'last stage of volcanic activity generated rhyolite more highly
enriched. in uranium than the earlier stages (Table l). Hydrothermal cells
_‘developed.during cooling-of the rhyolite intrusions would have reconcentrated
the uranium, espeically invthenmoré,permeablé'fractﬁred rocks near the
con:ac:s-ofithe intrusives. | Localization of the mercury deposits along ring-
fracture zoneéISuggests that iate—stage emplacement .of the ring domes and
intrusive bodies also provided a heat source for‘the hydfothermal systems that

formed the deposits.
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Table 1. Chemical analyses of large-volume ash-flow tuff sheets,

rhyolite dome, and tuffaceous sandstone

[Minor elements-in parts per million; all others .in percent. N = not

detected; -~ = not anélyzed;’ Analysts:

Raren Duvall.

)

F. Brown, 2. A. Hamlin, and

Unit NO . e

Basal vitrophyres of

Vitric

Intrusive dome tuffaceous

JR76=48 JR75-4A

large-volume ash-flow tuffs vitrophyre. sandstone
1 2. 3
JR75-50 JR75-44  JR75-60

Major elements

Al,0,
Fe,04
FeO |
MgO
Cao
NaZO
K,0
H,0
. 0
Ti0,
P20s
| Mn0
-Co,

-Total

99

76.8 74.7 67.9 68.9 74.8
11.0 11.0 12.7 11.9 12.6
2.0 1.1 1.7 3.6 2.7
o 1.7 2.4 1.1 -
.06 .01 .16 .20 %
.17 .23 1.1 .40 | .8
4.3 4.3 3.5 3.6 2.8
4.7 4.7 5.5 5.2 5.4
. .38 2.3 3.9 -
.20 .07 .56 a0 e
.11 .23 .41 .37 | .3
.05 05 .12 .02 .04
.03 .05 .09, .07 .08
.06 .04 .06 04 -
99 99 99 100



Minor elements

- ASs

Ba
Be
Ce
Cu

Cr

Ga .

La

Li

Mo

Ni

Nd

Pb

St

S¢
Sn

Sr

Zn

A4

100

70

200

30

30
.25
100

300
20
70

70

10

15

100
15

150

700

o7
10
100

30

150

30

30
+85

70

300

20

70

50

20

100

.15

~100

700

70 .

1000

150

20

© 30

.26

50

10

50

50

70

10 -

100

- 500

15

70

300

15

15

30
30
10

10

30

10

20

20

50

70

500

10

700

20.

70

320

30

20

30

1300
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Figure 5.--Potassium feldspar and corderoite from the McDermitt deposit.

Montmorillonite coats the feldspar and corderoite.
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