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N - ABSTRACT | |
The Mcpgrmitt caldera complex develoPedloVer a périod.of 5 m.y. years
during which ash-flow tuff sheets anomalous ig mercufy,;urénium, and thqrium
were éypi;ced. fhé méat~por:ions-of the;caldera complex were éubsequently.
filleqnwith'tuffaCeoﬁs‘sgdimenCS.' Late in the caldera development
»near-surfacé int;usives';nd domés were emplaced along the margins of the
_comple% and mineralized with uranium. Seven large hydrotherml'systems
developed at this time an& formed large areas of alteration within the

caldera-fill volcanics and sediments. Five of the altered zomes are

]

associ;ted'vith-econémic concentrations<o£ uranium, and or ﬁercury.
INTRODUCTION

The McDermitt caldera comﬁiex is a large Miocene coilapse.structure
consiséing:of'neéted ana overlapping calderas. The calderas dccur along the
NevadaéOregdn-Border'(fig. 1) and oc;upy the'frout Cteek,-Dbubie“H; and
Mbntgna Mountainé.' 0re.aeposits Of‘mercﬁry%with-app;eCiable~concentrétidns of
 qranium (Rytgb;,.l9f7) aﬁd”ﬁranium ore deposits wh1ch‘inélude a receatly

"discovgréd oré“bbdy in~¢aidera-fill'volcahics oceur within,the_éomple;.

Potenﬁially economic .concentrations of lithium also occur within the-

caldera-fill sediments and comstitute a major lithium resource within the






United States (Glan;man,_Rytub;,,and:McCarthy,‘1978; Rytuba and Glanzman, -
we. - E o -
. CALDERA EVOLUTION

The caldera complex déveloped'over an inte}val‘of S:ﬁiliioﬁ years during- :
thchAlarge volumes of.pefalkaline-rhyoliﬁic magma were eruﬁted. Five .
laréeévolume (grgaﬁér than 100 km3) ash-flow tuffs werg-vénted du?ing this
idferval resulting in the formation of five calderas’(fig. 2). The initial
ash-flov‘tuff,(uniﬁ i)jis ;.simple cooling unit vithia‘maximuﬁ thickness of
230 m. It occurs tovthe spﬁth'and,east'of tbeicompléx'(fig. 3). Following
erupfiﬁn of unit 1, small;volume ash=-flow tuf£s>with‘; combined thickness Qf

9 m were erupted; The second-larggQVOlume ash—flbw»ﬁuff, ugit'Z, is present

" " in the same area as unit 1 and has a maximum thiékness'of'ZlO m. One of the

vent areas for this tuff is located in the Dortheastern part of the Double-H

Mountains (fig. 4). Shortly after the cooling of unit 2, ashqfldw tuff 3 was
érupted at 17.540.3 m.y. It is present in the southern and easterm part of
the complex and has a minimum thickmess of 65 m (fig. 5).

Large-volume explosive volcanic activity then ceased for a period of

-

2 m.y. Volcanic activity during this intervaliconsisted of small-volume

air-fall tuffs and .ash-flow tuffs of limited exteat. The resumption of
large-volume explosive volcanism began at 15.8+0.3 m.y. with the eruption of

two ash-flow tuff sheets, 4 and 5, with a combined thickness in excess of

120 m. Although the umnits were empléced in a short time interval, they cooled

'sequately.and are simple .cooling units. Units 4 and 5 are present

principally im the ndrth part of the complex (fig. 6), "but a small

‘stratigraphic section.of both units occurs im a fault bloek ‘along the caldera

wall in the:SOu:h part oi-the complex. -



" The last. major volcanic event in the complex consisted of the emplacement

;qf»near-suffacgﬂrhydfitic intrusivesgandkéxdgénous domes, from 14.9 to
- 13.7 m.y. Thesé were emplaced in thefarc extending from the southwest to the

cenéral-pért §f;;he compléx‘(fig. Ve

HG, U, AND-TH CONTENT OF THE VOLCANIC ROCKS

The progressive change in mercury, urénium, and thorium content of

rhyolite glasses, representing eaéh bf the major volcaunic- events'in the

calderaadevélopment,;are shown in figﬁre 8. Sincea:hé ash=flow tuffs,

intrusives, and exogenous domes are. believed to_be‘erupted from the upper part

of a magma chamber, the chemical analyses of the rhyolite glasées~from these

units show the trace-element comtent of the magmas present during the

formation.of-theﬂcomplex;f All'sampies<anélyzed were nonhydrated glasses from
either the ash~flow tuff sheets or from the chilled margin-of-thé,intrusives 

and flow domes.

The mercury content of the magmas which erupted as ash-flow tuff sheets

1, 2, and 3 are all 20 ppb. After a 2 million year hiatus in voicaﬁic

activity, the mercury content of the magma emplaced at 15.8 m.y. was 50 ppb

“during the initial phase of the erupcion=6f unit 4, then increased to 70 ppb
,during the middle parﬁ»of the eruption and then fell to 30 ppb .at-the end of

~ the eruption. During eruption of'ash-flow-sheet.S,Vthe:mercury coutent of the;

magma vasvidentical to the last phaée;of the eruption of unit. 4. ‘With the

changé’ov?:?tbviess”explosive.vcl¢anic>aétivity late iﬁ'the.caldéra.history,

the mercury of the magmas which fbrmedipeé:-surface intrusives and flow domes

varied:frdmflO-to‘7qupb.  IntrusiveSaspatially'associaced with.the uranium

' deposit$ éontainithé'mést mer;uryxof1thé flow domes' and iﬂtrusives emplaced

A‘duging'the,LaSt §olcanic'eventain{the"caldera;:.



The.uranium in the magma varied considerably during the eruption of
ash-flow. sheets l,.Z,.and 3. The initial uranium content wés 8.5 pfm, fell to
S;S.pém during the early‘eruption'of unit 2 and later rose to 9.4.ppm during
the eruption. The uranium content decreased again to 6.5 ppm during the.

eruption of unit 3. .

4

Wich the resumption of volcanic activity at 15.8 m.y.,'the uranium
. - . i

content was the same as in the first magma erupted. It them decreased to
5.2 ppm during the middle and late part.cf'fhe eruption of ;_mit'éf
With the éruption of unitZS, the uranium countent of thé magma was
9.4 ppm, again equal to the content of the first magma erupted. The foué
peralkaline magmas'which erupted the eariy pafts ofiash-floé sheets 1, 2; 4,
landes all have similar uranium contents. The laﬁer ash flows vgnced during
the later part of the‘eruption of unit 4 .are lower in u?anium and indica;e
that urauiuﬁ concentrat;on was highest at the top of the ﬁ;gma chamber.‘“
Similar relatioms have been observed in the Bishog tuff (Hildreth, 19?8).
Thorium contents of the fifst magmas erupted from the complex paral%eled
the trend for urénium.' quing the early phase of the eruption.of unit 4; the
thorium content was 19.9 ppm. It then decreased to 12.3 ppﬁ during the ;ater
part of the eruétiou. This trend of high thorium earl§ in fhe eruption ;ﬁd
lower content late in the, eruption of the ash-flow sheet 4 ;arallels the;trend.
for urgnium. During thé emplaceﬁent of intrgsives and fla; domes the thorium

content returned to concentrations characterizing the beginning of each of the

5‘ésh-flowvtuff eruptions.

‘
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The amounts of.uranium and thorium: in intrusives and flow domes

associated with uranium deposits are similar to concentrations observed in the

~~

largefvolumé ash-flow-tﬁffé, and ﬁd iﬁcrease in the uranium-and thorium
cbntenﬁ bf;ihe magmas during the‘éﬁslupion of the cémplex is apparent.
URANIUM ORE DEPOSITS AND OCCURRENCES
The uraﬁiﬁm ore_deposits,occur in tuffaceous caldera=fill sediments and

volcanics, and in intrusives and flow domes. Those in caldera=fill volcanics

and sediments are closely associated with deposits of mercury and deposits

préviously exploited for mercury locally contain ore-grade concentratioms of

uranium. -,

In the vicinity of the mercury and uranium deposits the sediments are

altered to zeolites, cristobalite, and clay minerals, while in and near the

_ore zomes potassium feldspar is the dominant alteration product. Five areas

of potassium~feldspar alteration occur within the caldera complex (fig. 9).
Three areas of patassiumrfeldspar alteration are associated with ore deposits
of mercuryAcontaining ;ppreciable concentratioﬁs of uranium, and one area of
potassiﬁm~§eldspar and clinoptilolite alteration is associated with a uranium
deposit ne;f Cottouwood_Creék. The fifth large area of p&tassium-felds?ar
alteration exteud;*along‘the southwestern side ofrthé complex. It is closely
associated with-inﬁfusives and flow domes wﬁich are host rocks for uranim;'
deposits at the Moonlight mine and Horse Creek occurrences.

Each area of potassium feldspar is believed to define the central part of

" - a fossil hydrothermal system. The size of each of'the7fou£ zones in the

northern part of the complex is relacively.small, about 1-2 km in diameter
when compared to the large area Of.potassiﬁm feldspar in the southwestern part
of the complex. Each of the-five indicated hydrothermal systems have either

large concentrations of uranium and mercury. associated with them or contain






ore concentrations of oume or both of these elements. Two additional

 hydrothermal alteration zounes:associated with anomalous concentrations of

uranium and mercury occur at Crowiey Creek and Rock Creek. In both afeas the
dominant alteration product is clinoptilolite but potassium feldspar is also
present lpcally. The alteration assemblage and geochemical gnomalies suggest
the possibility of'a'larger‘zpne of potassium~feldspér alterétiod at depth;

: . .

The uranium and thorium content of the seven areas of hydrothermal
alteration varies considerably; ‘In the McDermitt zome of alﬁeration'(fig. 9
uranium concentrations up to i92 ppm occur in the ore zone where. the sediments
are altered to potassium feldspar. The thorium content is low within the bta
zone, less than 35 ppm, but increases to 150 ppm outside the.ore zone. The
distribution’of uranium and thorium in a linear section through the McDermitt
alteration zOne‘ére shown in figure 10.-  Proceeding inwafd'cﬁ the dépositgfrom
the socuthwest the thorium content oﬁtside the ore zome is imitially high,m
92 ppm, and then drops - to 20 ﬁpm,vithin the ore zone. Uranium shows a reierse
trend being 10 ppm outside the ore zoﬁe, and 20 ppm in this part of the ofa
zone. Moving outward from the deposit to the northeast, the.uranium coutént
decreases to less than 10 ppm aﬁd the thorium.coutenﬁubeginsitolrise agaid.

The ;glacion of uranium, thorium, and mercury with depth in and outsfde
the ore zone are shownvin'figures 11 and 12. Out;ide the ore zome, uranium
content is nearly_coﬁstaut‘thrOughout the stratigraphic interval, but thorium
increases with depéh ffoﬁ 30 to 150 ppm. - In the ore zone Qranium increasés in
the mercury ore zome interval but 1§“also high in stratigraphic intervals low

‘

in mercury. Thorium is low where uranium and mercury content are high.



Iq the Brécz.and Cottonwood zones of hydrothermal- alteration the centrél
parts are altered torpotassiu@‘feldspar énd-potassium feldspa¥ and
'clinOptilélitefrESpectively~Kfig;~9).' Surroﬁnding the.centfal zone are a
clinoptilolitg‘zbne-and<an-oute: zoﬁe of clinoptilolite with mordenite. At
greater diétances from the deposit relict glass is present with varying
amounts of clingptilolitenand erionite.,>At the surface the tvé zones of‘
alteration are separated py 1 km. The Bretz alteration zone has been mined
for mercury buﬁ also cﬁﬁtains significant‘améunﬁs of uranium. The Cottonwood
zone is associaged wiﬁh-a uranium deéqsit’reported to contain 13 million toms-
of OQSFto 0.6 percent.ﬁranium.

Aitération miner;ls.characte;iziné the sedimentary section exposed along
Coﬁﬁonwoodrcteek, at the extréme.west end of the uranium.ore aeposic, are
shown in figure 13. ' Clinoptilolite and erionite occur sporadically throggh
the-stfatigraphic»section aﬁd;are more abundéﬁt in beds of tuffaceous-:
sandstones. Feldspar occurs throughout the section.

Uranium-occurs,atlseverai stratigraphic intervals in the Cottbnwood
section. Uranium in the basal 26 m of seétion'OCCurs in the opalinpe

. silica-rich, thinly-laﬁinaﬁed, ferric hydroxid; stained layers. The uranium
is clﬁsely associated Qith merCuiy! lithium,’grsenic and antimony, strongly
reflectiﬁg'a common presénce in ihe‘altériné'hydréchermal solutioﬁs. This ig
strikingly shown by the uranium-and arsenic-rich calcite,layér,at
. approximately 26 m. The.variébility of the'intefval is obSCuféd by a
- composite sampling in the 4 to i& m, L.e. individual layers and beds were
“sampled only‘in'the:lovéf-an&.up;er parts of the interval. Above 20 m the
:eleﬂeuﬁs Separaﬁe} ~Lithium is less thén 50 ppm in the éalcité’laygr at 26 m
and if 1s inversely.rélatéd to uranium, arsenic, and mercurjiconten;.

Carbonaceous debris is plentiful in the 28 to 37 m intefval: Both ‘lithium and
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.particularlf uranium are enriched in- the 37 té‘&Z @ interval of orgénic-riéh
(ostfacods'and carbonaceous debris) lacustrine mudstones.that-alteznate with
‘biagk opaline-silica'layers.~.A very coarse texgured graf; pumiceousbtuff
interfupted tﬁe.lacustrine sequence between 42 and 451@‘15 the segtion.; Thé
love: coarse-texturéd tuff grades upvafd'into a4finer ;if-fall tuff. The téff
is little altered, coﬁﬁainsAthe highest thoriuﬁ conteﬁﬁ-in the section, and is
low in uranium, lithium, arsénic, and mercury.  The lacustrine sequence |
resumes at about 47 m with an enrichmenﬁ in lithium, uraniuﬁ,_and afsenic.in
an organic-rich clafstone. .Tﬁi§ sequencé'vas interrupted -at about 50 m by a
grﬁy air-fall tuff indicated Ey the thin bed enrichéd in thorium in the
section. Above this bed, lacustrine claystounes afé euriched‘in lithium,
arsénic, énd'mercury. This is the thickest section of lithium enri;hment'iﬁ
the secﬁion. ,Above'éhe clayétbnes,,at.about 61 m, the section becomes a very
COa;se Caxturéd'tuffaceous sandstone partially‘covefed by,sluﬁping.‘

In the Opalite hydrothermal alteration zone a large area of potassium
feldspar extends outward for 0.75 km from the deposit. Peripheral to the
potassium-feldspar zone is a zeolite zomne comsisting of clinoptilolite, = -
erionite, and potassium feldspar. Around the Opalite mine anomalously high.

. uranium values are restrictéd to the zomne of'poﬁassium-ﬁelspar alteration. .
Local afeas within.the‘Opalite mercury mine’contain up'to'265 ppm uranium.
These areas contain pyrite and are intemsely silicified, Other elements which
"are present in anomalous canEntratioﬁsfin the ore zone are As, Sb, Mo, Zr,

and Be.
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In the ﬁontana Mountaing a large_zéne of potassiuﬁ-feldSpar alteration
exteﬁds.along the margin of the caldera (fig. 9). The alteration zome is
spatially.related to intruéives and flow domes wﬁich were emplaced in-the
period .between 14.9’tq 13.7.m.y. Hydrothermal systems developed at the end of
this volcanic ep;sode‘resulted in the intense alteration of sediments and
volcanic rocks for distances up to 5 km froﬁ'the intrusives.

' U?anium occurrences witﬁin this altered zone occur at the base of the
stratigraphic section (fig. l4). The lower part of the seétion consists of
coarsefsandstoué.aud pebble conglomerate-resting on a friable ash;flow tuff.
The-beds havg been altérgd,to an assemblage of potassium feidspar, quartz,
calcite, and dolomite. bﬁly minor amdunts of dioctahedral smectite clay are

present. Beds countaining anomalous uranium extend from the base of the

‘section upward . to 13.m and another concentration occurs higher in the sectiom '

where trioctahedral smectite first becomes the dominaﬁt ¢lay mineral.
A%teration of the sediments and traﬁe—élement chemistry indicate the
prgsenée of anothér hydrothermal'system along Crowley Creek which parallels
the no;theast ring-fracture zone. of the Calavera caldera (figs. 8 and 2). The
sediments are altered to clinoptilolite and smectite clays but loﬁal beds of
potass;um feldspar are also present. The zeolitized sediments are bounded on
the ﬁo;th and south by unaltered sediments; Geochemical amnomalies of As; Sb,

U, Be, and Hg associated with this zone of .alteration indicate that this area

s similar to :Hé Opaiite and McDermitt hydrothermal alteration zonmes.

© Other uranium deposits and occurrences are located in and adjaceat to

“.rhyolite domes and near-surface intrusives which were emplaced .along thé

wescerﬁvpart of the complex in theiperiod'from-l4.9~t0»l3.7 a.y. (fig. 7).
These intrus;vés_and‘flov'domes are :associated with strong positive magnetic

anomalies. (fig. 15) (U,S. Geol. Survey, 1972a, b), the largest of which



parallelS'thé entire length of the intrusive trend extending from éouth of tﬁe
Moonlight mine to the eastern part of Horse Creek where it terminates against.
‘the projected trace of the Longridge Caldefé., Other magmetic highs are |
associated with the. young flow domes of Round Mountain and'Black Mountain in
.the central part of the complex.

Several intrusives, apparentiy emplaced along tﬁe»pfojecﬁéd trace of the
Cala@eré caldera in the vi;inity of the Moonlight»mine,ireacggd the surface
#nd‘vented small-volume ash-flow'tuff.shéeCS. One of.these:tuff sheets is
altered to potassium feldspar and qu;?tz and contains up to 0.1 percent
uranium. Potas%ium_feldspar repiaged-analcime grains and somé remnant -
analcime is present.

In the Moounlight uranium mine and assbciated deposits the veins of
uraninite occur élong the brecciated coﬁtac; of a negr-sdrféce intrusive. The
rhyolite-is'alﬁéfgd to.pbﬁassium feidspar, qua?tz,‘and pyrite, and calcite and
fluorite are loéally abundant as gangue minerals. Anomalous amounts of
zirconium, arsenic, antimony, silver, barium, molybdenum, and mercury are
associated with the ore. ‘

CONCLUSION’

"The McDermitt céldera complex 1is unique among-caideras in that it
contains anomaléus amounts of many metals including major deposits of uranium,
mercurﬁ, and lithium. Geologié fa;tors that are special to the McDermitt
caldera complex that ﬁaj have,contributédvtd-the formation of the ore deposits
are: (1) Volcanic aétivity extended for.a long'ﬁime span in-a restricted
‘afea. -The.tfansfér of heat to shalléwwleiels“ip‘the'crust during'tﬁé‘long
-erlution‘of the complexrwoﬁld»contriﬁutéwto the development of near-surface
'ﬁydrochermai.sjstéms. *(2)'&hyqiite$‘erupted within the caldera complex are

‘anomalously high in the ‘elements which are concentrated .in the ore depdsits.

1N



This initial magmatic-concentration~of the eleﬁents provideé a source from
which the elements could be leached by hydrothermal fluids (Ry;uba and
Glanzman, 1978).--(3) The ;loged b#sins cré&ted Sy the collapse evedgs wera
not breaﬁhed. ,Ihése basins: provided a stable:physical and chem;cal
environment in whicﬁ the more mobile elements Hg, U, Li, B, and As could be’
boﬁcentrated from the several hy&fothermal systems which were active in the |

caldera complex..

11
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Figure 3.--Distribution of ash~flow
tuff unit 1.
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‘Figure 6.~-Distribution of ash-flow tuff
unite 4-and 5. ’
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Flgure 13.~-Utanium and thorium content in é'strafigfnphic section along Cottonwood Creek.
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lFigure.14;——Relationships between zéolites, K-feldspar, quartz, smectite, calcipe,
dolomite, and uranium in altered sediments in the Montana Mountains,
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Figure 15.--Aeromagnetic:anomalies associated

with the intrusives and flow domes.
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