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Abstract.—The Lunar Lake caldera i« in northern Nve County, Nev,,
about 70 mi (110 km) east-northeast of Tonopah. It is the voungest
caldera in the central Nevada multiple.calilron voaplex and the source
of the tuff of Lunar Cuesta, a multiplc-flow simple coeling unit of
quartz latitic welded tuff that is about 23 wm.v, old. The tuff was dis-
tributed over an area of nearly 3,000 mi’® (7.770km?) and has a
volume of approximately 90 mi*(375 kmn?). The Lunar Lake raldera ie
the site of the Lunar Crater basalt field whirh contains basalts of Pleis-
tocene and probably Holocene age. [hese bacalts were fed from
northeast-trending fissures that had much earlier served as vents for
ash-flow tulfs and lavas, possibly including the tuiT of Lunar Cursta.

U.S. Geological Survey investigations in central Nevada on
behalf of the U.S. Atomic Energy Commission have led to the
recognition of a multiple-caldron vomplevw (U8, G:rological

* Survey, 197D, p. A39—-A40). The bouniaries of this caldron

complex have been delineated by a combination of geological
and geophysical (gravity. aeromagnetic, reflection seismo-

" graph) techniques and information from wveral deep  drill

holes. Ash-flow tuffs that can reasonably he inferred to have
been extruded from the caldron complex include the Windous
Butte Formation (Cook, 1963), which iz the most widespread
and possibly the oldest (30.7 m.y.. arcarding to Grommmné and
others, 1972), and the tuff of Lunay Cursta, which is about
23 m.y. old and one of the youngesty This report is concerned
primarily with the tuff of Lunar Culsta. whose extrusion re-
sulted in the formation of the presenl-day topographically ex-
pressed Lunar Lake caldera. Rock untts that are closely related
to the tuff of Lunar Cuesta in time and space are aleo dis-
cussed.

GEOLOGIC SETTING

The Lunar Lake caldera (fig. 1) is in northern Nye County,
Nev., approximately TOmi (110 ke sastnortheast of
Tonopah. It lies in the southeastern part oo the contral Mevada
multiple-caldron complex ¢fig. 2), within which ash-flow tuffs
and genetically related lavas protebly averuce atleast 7.000 ft
(2,130 m) in thickness. Drill hole HTH-3. tor example. in the
central part of the complex (fiz. 2) reiluced in the tuff of
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Figure L.=Map of Nevada howing Yoration of Lunar Lake
raldera,

Williams Ridge and Morey Peak (Fkeen, [Hinrichs, and others,
107h and bottomed in the same vnit at a depth of 6000 i
(1.830 ). Be have inferred (U8, Grologieal Sunev, 1970,
p. \M-AL0) that this il is genetically related to the
Windous Butte Fornation, and recent paleomagnetic stusdics
sugeest that it may be corxtensive with the vpper part of the
Windous Butte.
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Figure 2.- Map showing location of Lanar Lake calds ra with respeet to
the central Nevada caldrou conmptes. the Tybo arl Reveill striketip
faults, and the Tulle Creel Pritehards Station lineamert, o | [rill
hole. Base from U.8. Coust avd Gradetie Suney Reno Seetional
Aerotautical Chart, 1:500.000, j038 65,

Except lor the strata expos o in the southern Pancake Harngr
in and adjacent to the Lunar Lake ealdera. all rocks in the area
of the multiple-caldron comples are intensehy Faulted and froc-
tured, and every drill holt withun the complex (see grolegie
map of the Moores Station quadrangle, by Fkeen, Hingichs,
and others, 1974) penctrated highh fractured and tanlted
tocks. The conplex is bowmuted qn the vorth by the cadt.
trending Tulle Creek—1'riteliards Station aeromagnetie linea-
ment along which sonie heftlato o <tk <lip movement has
been inferred by Fheen. Buatl Pisons Heales . and Quindivan
(1974). The complex iz inferred t e heen cut on the <outh
and southwest by the norths . 0 reending feftdateral Ty be and
Reveille strike-slip faults iQuisde o ad Bogers 167 1 bkren.
Rogers, and Dixon, 197 .

The Lunar Lake caldera is the ot of thee anar Crater basaht
field. According to Seott and ol (170 e basaltie vk
include subalkaline, alkaiive, i becamteid tpes ad contain
a varicty of xenoliths, some ol which ave isnbereed to have been
derived from the upprr mantle. Phe basalt lavas and proro
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clastic “jecta wipe vented Trom o series cfsiorthea Urending

fissures (fig, . Chain: of cisder cones that overdie the fissor
zones are contined (o the aro e caldeon ccmpley bt beeach
the Lonar Labe caldera on Gie northeast and soutinest sides,
The noithesst-trending tissnee zene = wers alve the vents for
several of the pre-ba-alt voleanic mnits, possibly inchling the
tutl of Lunar Caesta,

STRATIGRAPHY

The Tertiany volcanic units of the Lunar Lake vabilora area
{fig. 3) have beon desoribed in detail an the geelogie maps of
the Lamar Crater qadrangle (Snvder and athers. 1972) and
The Wall gnadrangle (Ukeen, Hintichs, and Dison, 1973). Al
units will e very brielly deseribed heeetn, With the sseeption
of the Shingle Pass Tufl whose <ouree is inferred to have been
outside the central Nevada ealdbon complex (Sargent and
Houser, 1970), the units are typiealls cale-athaline and are
petrographicalls and chemically oxtrismels similar,

Rocks older than the tuff of Lunar Cuesta

Rorks older than the tulf ol Lunar Cnestf@@form Lhe
lay ee-eake stratimapbn of Palizade and Halligan Vi< (fig. 3).
and the beautiful steatilorm exposures ot these rodk- are i
marily - responsible for the name “Pancahe Rangs ™ Lhes
inclrde at the base of the exposire the tutd of Willkens Hidge
and Meorev Poalowhish eansists of two it owicalls identieal
cooling wuits in deill hole TTHR and o the cieisite o Blaek
Rock Summit tligs. 30 51 Bothe are imadtiphe dton corpounal
cooling units of phenos sy strieh guartz TGt il Vo camples
P20 83 Hhis tull wpperenths und-dies smmch o e coentral
Nevada caldron comples (i, 23 where it bas oot Uhichiess,
anel is inferred to e beve e papt-dconearrentte v oth calder
subsicbenes atier the main citrosans o e Windons Batte
Fornation (tabie ©ocapeples VE TS0 bl coaeed,

The totf of “Willigens Ridee aed Moo Gl 0 e elain on
Halligan and Palicabe Mesws (g O by tee tadt of Halligan
Mesa aned i the ity of Black Sock Sownair b the tall of
Black Book Sinedt The vt oF Palbigan Shesn 3o 500 ¢nfd f
(ESO 180 m) didek: QU i o noltiple-flow comgammd cooling
anit of moderateh phepocrvsterich elivolite which is eharae.
terizedl By @ hi;l:_|n-r~'~--n|uf_~"-.nl‘ yeartz that s amethiv -t to dark
smoks Cbipsramidal in habitc and as woeeh as 5 oain diameter
(table 1o <ample 100 Tloe anit i nearls completely Tree of
lithie teagmonts. Uhe il of Black Rock Snmmit. on the other
hanil. contains --uij 1225 pereent phenoery <t ol pladioclase,
biatite, and pscwolemorphs after hornblende and pyroxene,
Despite is bast snite of phenocrs sts the (el i rhyolitic in
compreition (table bo<amgde T, n esposures couth of US,
Highwas 6 the Wit of Bl h Bock Summt ix conspicuonsty
thow Tavered aud Bamivated, The Taminar lowaae st tares are
sorwell desedoped that the ronk b uneceoncnizable ws o tall
exeept in the Tasal 20000010 (13- 30wy, The talt at the top
ol the exposures has ramp steactares similar in all eospects 1o
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structures at the top of lava flows, The tuffl is overlain without
an obvious cooling break by flow breccia and lava having the

sume phenocryst mincralogy as (he twff. These featwres

strongly suggest extrusion of-both lava and tuff {rom the
general vicinity of Black RoeK"Summit, and it is inferred that
the laminar flowage structures developed as a result of faulting
that probably occurred concurrently with tuff vruption. This
inference is made because the tuff of Black Rock Summit does
not seem to be the type of tufl that would flow under stabie
conditions. The tuff is chemically unlike ash-flow tulfs that
flow on very gentle slopes under siall staiic load vonditions.
such as the Grouse Canyon Member of Belted Range Tuft in
southern Nevada (Hoover, 196:-1). the tulf of Wagontire Monn-
tain in Oregon (Walker and Swanwon, 1968), and the Precam-
brian tuffs of southeastern Missouri (Anderson, 1970). Al
these tuffs are characterized by low \l; (!5 and by high Nay O
-and total-iron contents, unlike the taff of Black Roek Summit
{table 1, sample 11).

Overlying the tuff of Halligan Mesa is the tutl of Palisade
Mesa, a multiple-flow compound couling snit of phenocryst-
rich rhyolite and quartz latite (table 1. sample 9). This unit is
conspicuously coluninar jointed where it i J00-500 f1
{122—152 ) thick on Palisade Moo aml it is overdain by the
Monotony Tuff (Ekren and othes=. 197 1) The taff of Williams
Ridge and Morey Peak and the tufl: of Halligan and Palisade
Mesas apprar to have been erupteid in rapid sucerssion withont
long crosional intervals between cruptions: at lesst. we know
of no unconforniities or pronvuneed disconformities between
these units. all of which are thonght to be genetically related.
The Monotony Tuff (Ekren and others. 1971), in rontrast. has
a pronounced angular unconformity in places at its base. aml
locally it is scparated from older units by coarse gravels. The
Monotony. hawever, on the basis ol ~tmilarity with older 2nd
younger units (tuble 1. sampls # anl it= areal distribution. is

inferred to have its source m the central Nevada multiple-”

caldron complex. and its caldera. as will be discussed later in
this report, is overdapped -and trineated by the Lunar Lake
caldera.

The tuff of Big Round Valley (‘puintivan and others, 1974)
crops out over several square wiles north of Black Rock Som-
mit and northeast of the Lunar Luke calidera. The tuff consists
of two cogenctic multiple-flon compoand cooling nnits that
have an aggregate thickness of TO0 1 (210 m), hoth of whick
resemble the tuffs of Halligan and Palizwle Vesas in compuosi-
" tion and phenocryst mineralogy . The tatt of Big Round Vallev
is not believed correlative with them. hewever, as it is nearly
everywhere separated from the tati o Williaws Ridge anil
Morey Peak by the tuff of Blach Lok Simmnit. which was
faulted before emplacement oo the tutt Gt Big Rownd Valley
and is overlain conformably by the Menatimy Tafll \n ernp-
tive eenter fur the tufl of Bie Novnd Valley hiac not been
identificd.

L

Rocks younger than the tuff of Lurar Cuesta

Rocks voungee than the ol of Lunar Coesta from olidest to
voungisCare the thyolite of Big Sand Sprines Valley. the tufl
of Buebshin Point. quartz latite and andesite lovas, tafl of
Buckwheat Rim, tutf of Rlack Beauty Meza. and a taff re-
ferred to informally as “granite-weathering tal0.” With e ex-
ception of the Tast named. all wnits were extrnded from the
Lonar Lake area. bt thesesextruzsions did net ghe vise to
calderas. Al bat the rhy olite tavas are thickest @i the vicinity
of Citadel Mountain. and they are inloreed to have been ox-
truded from a southwestward extension f the same
northeast-trending: faults that later senveil as conduits for the
vising basalts. The thyolite lavas (e olite of Big Sand Springs
Valley. fig. 3) were erupted from multiple vents in caldron
ring-lracture zones along the sowtheastern and northern sides
of the ealdera, A loealities A and B (fig. 3) the vhvolite filled
two sharp seallops that fermed during collapse of the caldera.
The duolite in these seallups obviously was coupled very
shorth after the taff of Lunar Cursta was extended, as in-
dicated by the presenvation of the vapor-phase top of thitaf(
of Lunar Cuesta b these areas, Along the northern flank Fow-
ever, the fhyolite Tavas rest on older strata, Lithe @ tiis
northern acea underseat extremely rapid crosion afte® the
eruption of the tulf of Luanar Cursta or the tall was never
deposited there because of high paleotopography. The chyolite
i nearly aphydic and cantaing no maore than 1 percent tiny
phenoery st of quartz. foldspac, andd biotite (able Uocaniple §).

* South of the Bamar Lake caldera, the tnff of Lusar Coesta i
oterlain by the tall of Buekzkin Point, a multiple-flos 1 om-
pound cooling wnit a= mneh as 250 0L (75 m) thick that von
sicls of plhensenystpooe darkegrae hvodadite (abbe {,
sample 1) at the bas aed phenoerystaio lighteoray querta
fatite at the tap. On the south Hlank of Citaded Mountoin the
il of Buckskin Pointis overlain, without a voohing breai. In
quartz fatitic vent brecoia that grades upwanl inte lithic-free,
coarse-grained, plienoerystrich quarte latite lava e ) The
tutf of Buekskin Poiat is magneticall v eeversed,

The tufl of Buekskin Peint and the tocal guartz latite tava
are ovedain by andesite favas and How beeedias that are dark
browni<h gray to black and contain 8 220 pereent phenocsysts
ol plagioclase and clinopvrosene wol orthopyrovene (tabide |,
sample 3% These Tavas are 1200 1t (3650 m) thick on Citarked
Mountain. and, fike the tuifs, they thin abrupthy (o the north.
wesl and sontheast. To the vicinits of Puckskin Point dlig. ),
lavas amld o breccias eropping out between the quartz latite
ard anclesite are docitic and by odavitic in vomposition, indic-
ative of a gradual change in compoesition from guartz Jatite to
anel- vite as lava croptions proceeded,

The andesite bivas are cveckain by the tafl of Ruchv heat
Pinr, a multiple-llon compound cenling unit (jossivdy tuo
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CORRELATION OF MAP UNITS

QUATERNARY

_ QUATERNARY
_ AND
- TERTIARY

¢ Miocens

¢t TERTIARY

> Oligocene

+ ¥ a *
Tisw >
3

anatn ] J

PALEOQZOIC

LIST OF MAP UNITS
Playa deposits (Quaternar:?
Basalt (Quaternary)

Lava flows

Cinder cones

" Alluvium and colluvium (Quaternary and Tertinry)

Basaltic andesite (Miccene)

“Granite-weathering tuff.” tuff of Black Beauty Mesa,and
tuff of Buckwheat Rim (Mincere?.

Intermediate lavas (Miccene}

Andesite
© Quartz latite
Tuff of Buckskin Point (Miccens:
Rhyolite of Big Sand Springs ' allav (}Mincene)
Tuff of Lunar Cuesta (liscenn: '
Shingle Pass Tuff (Miocens)

Monotony Tuff (Oligocene!

Tuff of Big Round Valley (Miocene and Oligocene)
—Age relations uncertain

603

Quartz latite lava 11)ligncene!
Tuffs of Palisade and Halligan M=sas (Oligncene)

Tuff of Black Rock Summit (Oligocene)

Landslipped “welded tuff {Oligocens?

Tuff of Williame Ridge and Morey Peak 1Dligncene)

Palenzaic rocks

Contact

eered Fault—Dotted where concesled. Bar and ball on down-
thrown side

Aebnededs  Gravity slide fault—Sawteeth on upper plate

. Strike and dip of beds
a2 Strike and dip of compaction foliation

= mm~mas Buried toundary of Lunar Lake caldera

&?CE 3 Drill hoe
conling units) as much as 500 ft (150 m) thick that co:miiio(
cliff-forming, moderately welded, mafic-poor rhyolite atgthe
base (one-third of unit) and slope-forming, partially welded
mafic-rich quartz latite and rhyodacite (table 1. sample 2) at
the top (two-third< of unit). The tuff of Buckwheat Rim is
maguetically reversed. On the southwest flank of Citadel
Mountain and on Dlack Beanty Mesa the tuff of Buckwheat
Rim is overlain. withoul an obvious conling break. by strati-
ficd «quartz latitic vent breecia having the same phenorryst
mincralogy a: the undeelving welded tutf.

On Black Beauty Mesa (fig. 3) and on local areas to the
south and east. the tull of Buckwheat Rinnis ovetlain by two
thin simple cooling nnitz of rhyodacitic densely welded waff
valled the Wl of Black Braaty Mesa. These units ane fndis-
tinguishable in onterop and in thin section fron the bazal
rhyvodacitie tutl of Buckskin Point, hut the tull of Black
Beauty Mesa i= magnetically normal,

The “granite-weathering tulf™ disconlormably overdies the
tuff of Black Brauty Mesa and other units in the Lunar Lake
arra. ML is quartz-cich vhy olite and every where is characterized
by chatovant alkali fuldspor. ILis veey similar to the taff of
White Bloteh Spring in the northern Neilis Air Force Bace
Bombing and Gunnery: Rang (Ekrep and others. 1971) anrd
we presame that it was vepsted from a center in or near the
bombing and gunnery range.

The tuff of Lunar Cuesta

The: tuff of Lunar Coesta is a multiple-flow simple cooling
unit of quartz latite; itis ts pically densely welded. devitrified,
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Table L.~Chemical analyses. in perceat, of selected voleanie rock<in and arcurd the Lunar Dby caldera

[ Values for sample 11, for Si0, und AL O, by Noray fluvresience, analy-t. ! 5. Wahtberg totabbe Mutt and Caft by stomic gheorption, anali =t % -vne Mowntion Nu 0 and K, 0 by
Mame photometer. analyst Wayne Mountiov: Ti0, by Cieon eolovivertes . arahyot Claude Hoftman, Jr 2P0}, abtied eolormetarails anaten 600 Shiples. Vaines fus ail other
samples by rapid rock analysis: analysts S 10 Botts, P L. 10 Flore. € WoAkhloe 5 Keloow UL Spith, oo Arsiaand L, Glenn |

. e
[} YN TR

PN

cra v

Iy
H s - Y-S

R SENY T A 5:,.‘.*.

PRRT VPR UL R

Edan ai. wa

- h e d

B

Sample .. ..... ot 2 k| 1 3 U b ® 9 Y " 12 1, " 1%
Laboratory No. . . w178 WIT2.  WIT2. Rt WITR W3 AgTA. wpeno WIT w2 pran. [T WIT wptn wgss
668 3t 02 s AT2 ey TR (] 1 1 iy (R 15 w1 Y]
FieldNo. ..... WHB.BE-18 HS-3E RSH RS34 WPCS5 Spg Ko HC-3 NPCO3 NFC20 BE2BLG6  NPC2 0 SNPLAS TOURBT S0FB8
§$i0, ...... .. 75.0 £3.2 3000 b3S 078 22 69.2 6B Y Tae e 51 (3 %0 T Th 68
ALO, ....... 129 157 170 1.4 113 128 133 153 13.9 12.2 113 154 11 123 132
Fe,0, ....... .70 39 T80 32 1.6 i1 e 1.2 1 84 125 ki 1.3 32 1.5
FeO ........ .78 i 2.50 mn U] o 0 a0 RE 21 E 1" 29 16 (W
MgO ... A7 11 Lo Ll 33 A K] 11 3 kH a5 1.t i 23 1.2
Ca0 ........ .82 (X0 a.80 13 20 20 3t 17 16 16 33 20 1.3 3.3
Na,O........ 13 2h 2.30 12 29 14 32 10 13 1.0 2 28 29 2.5
K0, ...ttt 3. n 1 39 16 [RH 1.2 13 Iy 13 12 [ I 16 11
H,0¢ .. ... PN 49 L 229 L3 29 A3 1.9 12 Bl X K] 13 38 19
1,0~ .. ... .. 19 t.2 = 30 BB 34 i 1o 13 35 22 81 AT 2
TO, ........ m n2 (X)) U 20 a3 26 82 20 13 R3] 23 04 .33
P,O; ..... . 2 49 a8 ne th W i ny .8 13 0 o2 "
MO .. ... - Rix} ns A6 A2 N9 0, n3 L) n ny R 3 "3 1] U
Copy vevvnnnnn g 22 M <03 " M moo oy <ns 28 <03 <3 )] o
Total . . ... . 9.8l Mg 0980 WONAT IINA2 9908 10007 UL 9096 D9LNY 29.33 Wae 8L 1066 100,30

1. Rhyolite of Big Sand Springs Lal' v an fat #0027 N b F1SP5T W B pererat

O Tudl of Falicarde \ea sl 32t 30729 12 N D hong 116°8 ""»T‘f't' ont plepa.

phenocryste: quartz 30.9. alkali veblgar 19 1, plagioler 18 2, biotits 1 R, hora- rrsshs pquarts B3 % i feblopar 201 plegindae 200 Biti® L epage
tlende tr. minerale 8.7, hornbtende 1. .
2. Tuff of Buckwheat Rir at a0 1017 N long 16T 12 8, (08 pereent 1 Toefd of Hia%izan Mesa at fat 27N oo JUATAT O 290 preint* o pecrsts,

phennerysts: quartz 16.8. alkab foddopar 0 7 pleginelase 197 biotite 6.8, upagae
minerals 2.1, ’
3. Andesite lava ab [at 38719 N fong 1065 T3 27N 2500 perentphroocns sta: plagio-
clase 73.7. biotite 1.8, opaque miiv-rai- 3.3 1 beopyrosene 16 1 hoenblend.- 2.5

4. Tuff of Buckshin Point at Yat ¥ 17 N long 1) 12 % 123 perent
phenocrs sts: quartz £.20 alkal frl:lqar o * plagioclas €21, biotite 8.4 agacqer
minerals 1.1, hornblende 8.4, prreen e UL stewed mmatic min rals 20, kolicin ihin
section 9.3,

S, Toif of Lunar Cuesta at lat M 20 % o 116711 W Mades nal caunted foe
amples 5.6, and T Modes ol tait of Tonar Cuesta samgied efsewhen in ceptsl
Nevada pgive the following ronoee or averages. 20 335 percent  pelinners ot
?uar(v 12-20, alkali deblspar T 2150 olaooclase 35 T30 Viotite 19 <15,
ilende 3, opaque minerads 2,

. Tuff of Lusar Cuesta ab lat 3 HE N dong {164 W,

. Tufi of Lunar Cuestaat lat 38 27 ' 2 N jorg 1I6°3T W, .

L Monoteny Tuff at fat 38°28° N oz i16°7 W Mode ranet For averab sanepl o
2333 peeeent phenoery ste: quarts 1022 athadi fridspar 5- 12 plagrartas #6008
biotite 10=22, homblende 1r 7. clhanpyroxene |23, arthapsroseae 15, oapeege

. mincrals 1 -2,

barrps.

@ -3

and bluish gray, and weathers to benwnand butf. - lnmostlocal-
ities it contains abuniant red lithic fragments of Shingle Pis:
Tuff in its nonwelded to partially welded basal part. It con-
tains 20-35 percent phenoeryets of which quartz constitutes
12-20 percent, alkali feld<par 715 percent. plagioclase
45-75 percent, biotite 111 - 15 percent, hornblende 3 perevnt,
and opaques 2 percent ttable 1. samples 5--7). The tuff is
everywhere magnetically rever-ed.

The conclusion that the tulf o Lunar Coesta was erupted
from the Lunar Lake arca and that its eruption gave rise to the
Lunar Lake caldera is based o theee lines of evidenee: (1) The
thickest known sections of the vadf are adjarent to the Lunar
Lake caldera, (2) rhyolite of Big ~and Springs Valley . whieh is
chemically similar to the taft ilie. borest directls on the taft
of Lunar Cuesta in two sharp scallops (lews, A and B, lia. )
along the southcastern voall (1hese rhyulite-callop-tnff rela-
tionships would be extremels widikels il ¢ caldera formed as

quarts 211, alhak felddanar 205, piagingtass 11,2, bisdlite 8 ¢ pajue coperals 08,
hurahi-eel- 2.1,

FLOTulf of Blaeh i2rel Sumrit at fab 38729 62 N lung 11558 W Y 9de count for

everal saeples 12225 peeeenl phencess e quartz 8- 25 aikali deldapar d A,
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a result of cither carlier or later (ol raptivn:), and (3) the
Lanar Lake valdera Hes near the conter of the area of distribue
tion of the (bl (lig. 5).

The “inferred original™ distribution <bown in figere 5
enrompasses  all the neft de presened in
siteor o owhere ats former presence i indicated b
crosional rubble, The infereed distritbmtion inclides greas that
have been sither deeply eroded or deepls burted but can

areas where

reasonably be inferred to have been eocered by the wff. For
example. the extension of the tufl castwand into Railroad
Valley iz eecomized on the hasis of the farge thickness pre-
served along the soest flank of the valles . The extension south
of the sonthern Paneake Range bevond the southernmost out-
ceops is eecomized on the basis of evideres there of extensive
removal by erocien prior to the eruption of vounger tuffs,
Surch remoal is indicated along the east Dank of the Pancake
Range iiv the Reseille quadeangte (Fhren, Rogerscand Dixon.
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) 1974) where the twlf thins from 200+ T (Gl m) 1o 0 in a
3d|stam.e of less than 3 mi (4.8 k). and there i no indication
! of a “lap out™ against old topography nox o deerrase in the
dcgree of \uldmv It we use the infereed becindacies shown in
ﬁgurc 5 and assume an average thickn <> 0! 200 1061 ). the
5 'tuff had a volume of nppm\um!cl\ i (370 km?) and
cohd en the basis
of K-Ar analyses of the tuff itself and of ~amples from ever
X lying and underlying steata. Samples of Latt o Funar Cuesta
% exposed on the wall east of Lunar Iake
4 R. F. Marvin, who reported (written comuon..

woere analvzed by
1o70) dates of
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23.580.8 m.yv. on biotite and 22.520.7 wmn. on canidine, The
Shingle Pase Tulf. exposed beneath the twll of Lunar Cuesta
on Palisade Mesa, aleo vidded dates of 235208 m, v.oon
biotite and 22.520.7 m.a. on sanidine. The thyolite of Big
Band Springs Valley above the tutt of Lunr Ciecta vielded a
tate of 25883 moa. on o wholesoek sample:s anil the w0 of
Buekskin Point gave a date of 254213 nuy. on biotit .

Chemical variations

Chemical analyses of the principal rocks in the Lunar Lake
caldera and the central Nesvada caldron complex are chown in
table 1. and plots of major oxides azainst pereentage of silica
are shown in figure 1 These analvses indicate that no sy stema-
e chemical variations took place as eruptions proceeded,
starting aliout 30.5 ney. ago (approximate age of the Windous
Butte) and ending about 23 m.y. ago (approximate agr of the
tuff of Burkzkin Point). The youngest rocks are: the most basic
as well as the wost silicie of the suite (fig. -4). The available
analvees indicate that the Yindons Butte shows more extreme -
cheniical variations within a single cooling unit than any of the
other principal units in the area (compare samples 14 and 154
table 1 and fig. 4). The major oxides of the contrasting lithos
logies in the Windous Buatte, however. all plot neatly along the -
curves defined by the major oxides of the younger rocks
(fig. ). The Windous Botte is characterized by a malic-poor
rhyolitic base (sample 15) andd a malie-rich quartz latitic top
(sample 14). This trend is. in fact, shown by most of the ash-
flow tuff cooling unit< i the Lunar Lake area.

The alkalidime indes for the tuffs and lavas of the Lunar
Lake area ix approximately 62 (fig. 4). This index iz ool
within the cale-alkalie tield of Peacock (1931). ‘

Nable (1972 indicated that me<t of the lower Mincene vol.
canic rorks of the Great Basin, pacticulerly those 25-22 m.y,
clozely resemble the highly ditfereatiated rhy olites
found in bimodal hasalt-thy olite provinees, The Shingle Pass
Tufl. which separates the younger eorks associated with the
Lunar Lake Meevada
caldron comples, was cited as an oxample of this type of

in age,

caldeea Trom oldir rocks of U contral |

voleanism, We conrur in erecgnition of the diztinetive leateres
of the Shingle Pass Tull, a< well a< of the Bates Mountain Tuff
aned New Pass Tull, also cited by Noble as examplee of “earhy
Miocenr sificie voleanic rocks that represeat a new pibse of
magmalisin
alkalic
the Shingle Pase Tull in the report area by cale-alkalie volean-
ism that displays no obvions ehanges in chemistey or minera-

cather than 3 continuation of Migocene vale.

voleanism * * .7 OF interestis the close brackeling of

’ng_\‘.

STRUCTURE AND GEOLCGIC HISTORY OF THE
LUNAR LAKE CALDERA

Fhe Lunar Lake caldera is expressed as a pactially enclosed
t )

topographic bazin hounded on the vast by an arcuate ridge,

The Wall (fig. 2, on the west by Palizade and Halligan Mesas,
g <) A L5
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Figure 5.—Sketch map showing piadrangles mapped in central Nevada and showing indicated and inferred original extent ot tuff of Lunar Cuesta.

and on the south by Citadel Mountain. Oa the north side the
basin is contiguous with Riz Sand Springe Valley. The caldera is
best observed from high points along The Wall where a view to
the west gives the impression of peering into an enormons
kettle filled with bubbling (numerous extinet cinder cones)
viscous black liquid (basalt la:as). The boundary of the caldera
is well defined only on the rastern and southeastern sides
along The Wall. The lecation of the northern boundary is
based on drill-hole and reflection seismiic data. The nerthern
boundary was placed scuth of drill hole HHTH4 (fig. 3} because
this drill hole did not penetrate cither the tuff of Lunar Cuesta

or the Monotony Tull, which was nearly 1,000 ft (305 m)
thick in drill bole UVCE-23. Dl hole HTH-L however, cul
several fanit zones: drilling operations s ere extremely difficull
and there wa: a trememdous loss of drilling Hnid. Ouly twe
cores were obtained, one from 1,166 (L (155 m) and the othe
from 6,030t (1.810m). Lithologic correlations (Ekren
Hinrichs, and others. 1974) were made principaliy on the basi
of cuttings and geophysical logs. The possibility exists, there
fore. that both the tuff of Lunar Cuesta and the Monotony
Tuff were fanlted out in this drill hole, and it is problematit
whether the caldera wall lies. north or south of or, perhaps



within the drill-hole location. The occurrence of thyolite of
'Big Sand Springs Valley between depths of about 200 and
800 ft (60 and 240 m) indicates that a major fault, probably
JE8 east-trending, lies between the drill hole and the large rhy olite
f¥"mass exposed to the northeast (fig. 3). This fault, if it is cast-
::; trending as postulated in ﬁgure 3, could mark the main caldera
2 i boundary or a relatively minor secondary ring-fracture zone.

Ly ‘The presumed location of the caldera boundary betwren
_; dnll holes UCE-21 and UCE-23 is mfmed from a reflection

@ There is no present-day indication of western and south-
& A western boundaries to the caldera. This could be duc to an
Y original lack of caldera boundary faults along the western half
&-of the Lunar Lake depression. Imtlall\ the western half of the
 “caldera” simply sagged toward the crnter of the structure.
P.P. Orkild, who mapped part of the Lunar Lake area in 1966,
suggested that this type of volcanic drprission be termed a
~*“trapdoor caldron™ (written commun.. 1972). On the other
& hand, the lack of a discernible boundars tuday may have
b resulted from basin-range faulting which effectively lowered
the outer rim of the caldera (Pdhsad« Mesa) amd vaised the
= interior (Little Lunar Cuesta). We favor the “trapdoor™ inter-
pretatlon That a structural break of somne kind exists in this
E b ‘area is clearly indicated by the marked contrast between the

.nearly flat-lving broad mesas west of Little Lunar Cuesta and
F the broad depresslon broken only by the subdued cast-tited
* cuestas and the abundant cinder cones vast of Palisade Mesa.
z ; That this structural break may be arcuate in form is suggested

by the curvilinear nature of the Little Lunar Cursta fault block

& (5.9

-, The caldera, as Ju~t defined, is semicireular in plan, mea-
z#lurmg about 11 mi (18 km) east to west, aml 13 mi (21 km)
north to south. Owing to the effect of postealdera basin-and-
‘range faulting, the amount of vertical displac-ment ie difficult
gto determine in the caldera. Drill hole UCE-23. for example,

‘Apenetrated the tuff of Lunar Cuesta at a depth of 1.200 (t
$(365 m) and an elevation of 4,600 ft (1.1} m). which is
L‘ ‘nearly 2,000 ft (610 m) lower than the top of the tuff in the
inemst outcrop outside the caldera. This 2.000 ft (610 m) of
“-§MCtum! relief may be due partly to cald-ra displacement and
¥ *partly to basm-and-rangc faulting, or it mas vonstitute the
wastructural relief remaining after the drillhcle arca was rela-
’ tively uplifted by basin-and-range faulting. The first possibility
scems more plausible, however, and a nrininim of about
q‘-)l 000 ft (305 m) and a maximum of about 2.000 ft (610 n)
tﬂ(of displacement for the central part of the Lunar Lake caldera
gi probably are a reasonable estimate.
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Drill hole UCE-23 cut a basalt fMlow intercaiated in alluvinm
at a depth of 140-175 t (4353 m), continved in alluvivm to
a depth of about 1,100 {t (335 m): from 1,100 ft (335 m) to
1,200 ft (365 m) it cut 100 ft (30 m) of bedded tuff and
debrie: it penetrated intensely fractured (probably faolted)
tuff of Lunar Cuesta between 1,200 and 1,240 ft (365 and
380 m). The total thickness of the toff of Lunar Cuesta eut by
the drill hole, determined (rom cuttings and geophy sical logs,
is 200350 ft (61-105 m), which indicates that the tuff iz no
thicker in the caldera than ontside: conceivabhy it ix thinner.
Eruption of the tulf of Lunar Cuesta, therefore, apparently
was completed before caldera subsidence began. In this regard,
the Lunar Lake caldera is similar to the Valles caldera of New
Mexico wheree the last erupted tulf is no thicker inside the
caldera than outside (Smith and Bailey, 1968). and it differs
rom the Timber Mountain caldera in southern Nevada (Byers
and others, 1969) and many other calderas where subsidence
and tuff eruptions occurred concurrently.

The relationship of the Lunar Lake caldera with older cal-
drone within the large multiple-caldron complex (fig. 2) indi-
cates that it was the last caldera to form and, although nested
within- the central complex, its boundaries overlap and partly
coincide with boundaries of older caldrouns. The proximity of
the buried northern wall to the wall of the “outer Hot Creck
Valley caldron™ (Ekren, Ifinrichs, and others, 1974), as indi-
cated by a reflection seisinic sunvey, has bern previously des-
cribed. That an carlicr caldron wall existed approximately at
the preeent-lay well-defined castern wall of the Lunar Lake
caldera is strongly snggested by the unconformable relation-
ships of the “mmtom Tuff where it rides up against a
noctheast-trending topographic high formed of pre-Monotony
quarts latite lava (loe. &, fig. 3) and against the tuff of Black
Rock Summit and the taff of Palisade Mesa (figs. 3. 7) in
exposurrs south of Black Rock Summit. This older wall could
have formed during a period of subsidence celated to the ex.
teusion of the taff of Palisadr Vleca or-the tufi of Halligan
Mesa. or both. If this is co. the data from drill hole LCE.23
indicate that vounger rocks. principalls  the voluminons
Monotony Tuff, filled the caldera prior to the eruption of the
tuff of Lunar Cursta. The possibility al:o exists that the drill
hole lies within the caldera which formed as a result of
Monotony Tuff eruptions.

On Palisade Mesa, the northeast-trending fault that extends
through the mesa (against which the Shingle Fass Tuff wae
deposited and over which the tuff of Lunar Cuesta was de-
posited) is inferred to be the westren wall or boundary of the
caldera that formed as a result of the extrusions of the
spread Monotony Tufl. This caldera is truncated by the Lunar
Lake caldera in the vicinity of Lunar Cuesta, and its notthern
boundary is coneealed within the Lunar Lake caldera. Farther
south, in the Reveillr quadrangle (Ekren, Rogers, and Dixea.
1974). the caldera is ent by a system of northwest-trending
feftdateral faults, and the southwestern part of the caldera is
strung out as a serics ol fault slices along splays of the ieft-
lateral sy stem (Ekeen, Rogers, and Dixon, 1974).

wide.
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CHRONOLOGY OF VOLCANIC EVENTS

1. Tuff eruptions and the development of a mubtipl -caliera
complex started in conteal Nevada about 30- 31wy ago
with the erupticn of the Windous Butte Formation and
related rocks. :

2. Forapvnod of 3=4m.y. tufl eruptions continemed and
numerous calderas were formed within the caldron com-
plex. About 25 m.y. ago the tul€ of Lunar Cuvsta was
erupted from vents located in the southeasteen part af
the caldron comples. The eruption of this tutf. having a
volume of about 90 i (373 ki), resulted in the col-
lapse of a semivircolar area about 12.mi (19 k) in dia-
meter and poszibly 1,000--2000 £t (305-610 m)
decp—the herein-name) Lunar Lake caldern.

3. Rhyolite lavas were rrupted from the northern and couth.
eastern ring-fractore zones of the Lunar Lake caldvra,

4. The tuff of Buckskin Toint, quartz latite amit andesitic
lavas, and the tuffs of Buckwheat Rim and Black Branty
Mesa were crupted from fissuees in the vicinity of Citarded
Mountain. These cruptions did not eesult in caldera
development.

S. The caldera was broken by hasin-and-range faults. :uul twy
fault blocks were nplifted relative to tln' remainder of
the caldera to form Lanar and Little Lunar Cuestas,

6. In Quaternary timee hasalt bavas and py roclastic debris were
crupted from a northeast-trending fissure sy atem that ex-
tends through the unar Lake valdera and coincides. in
part, with the ofd lissure svstem that extends throagh
the Citadel Mountain area,
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