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ABSTRACT

The Thomas Range and northern Drum Mountains have .a history of
voleanism, faulting, and mineralization that began ‘about 42 m.y. ago.
Volcanic activity and mineralization in the area can be divided into
three stages according to the time-related occurrence of rock types,
trace element associations, and chemical nature of mineralization.
Volcanic activity switched abruptly from rhyodacite-quartz latite (42-39
m.y. ago) to rhyolite (38-32 m.y. ago) to alkali rhyolite stages (21 and
6~7 m.y. ago); these stages correspond to periods of chalcophile and
siderophile metal mineralization, no mineralization, and lithophile
metal mineralization, respectively. Angular unconformities record
episodes of cauldron collapse and block faulting between the stages of
volcanic activity and mineralization. The youngest angular unconformity
formed between 21 and 7 m.y. ago during basin—and-range faulting.

Early rhyodacite—~quartz latite volcanism from composite volecanoes
and fissures produced flows, breccias, and ash-flow tuff of the Drum
Mountains Rhyodacite and Mt. Laird Tuff. Eruption of the Mt. Laird Tuff
about 39 m.y. ago from an area north of Joy townsite was accompanied by
collapse of the Thomas caldera., Part of the roof of the magma chamber
did not collapse, or the magma was resurgent, as is indicated by
porphyry dikes and plugs in the Drum Mountains. Chalcophile and
siderophile metal mineralization, including copper, gold, and manganese,
accompanied early volcanism,

The middle stage of volcaniec activity was characterized by
explosive eruption of rhyolitic ash-flow tuffs and collapse of the
Dugway Valley cauldron. Eruption of the Joy Tuff 38 m.y. ago was
accompanied by subsidence of this cauldron and followed by collapse and
sliding of Paleozoic rocks from the west wall of the cauldron.
Landslides in The Dell were covered by the Dell Tuff, erupted 32 m.y.
ago from an unknown source to the east. An ash-flow of the Needles
Range Formation was erupted 30-31 m.y. ago, probably from a distant
source outside the volecanic field. The rhyolitic stage of volcanism was
barren of mineralization.

The last stage of volcanism was contemporaneous with basin-and-
range faulting and was characterized by explosive eruption of ash and
pumice, forming stratified tuff, and by quiet eruption of alkali
rhyolite as viscous flows and domes. The first episode of alkali
rhyolite volecanism deposited the beryllium tuff and porphyritic rhyolite
members of the -Spor Mountain Formation 21 m.y. ago. After a period of
block faulting, the stratified tuff and alkali rhyolite of the Topaz
Mountain Rhyolite were erupted 6~7 m.y. ago along faults and fault
intersections.. Erosion of Spor Mountain may have provided abundant
dolomite detritus to the beryllium tuff member. The alkali rhyolite of
both formations is fluorine-rich, as is evident from abundant topaz,
and contains anomalous amounts of lithophile metals, Alkali rhyolite
volecanism was accompanied by lithophile metal mineralization which
deposited fluorite, beryllium, and uranium.



The structure of the area is dominated by the Thomas caldera, and
the younger Dugway Valley cauldron, which is nested within the Thomas
caldera; the Thomas caldera is surrounded by a rim of Paleozoic rocks at
Spor Mountain and Paleozoic to Precambrian rocks in the Drum
Mountains. The Joy fault and Dell fault system mark the ring fracture
zone of the Thomas caldera. These structural features began to form
about 39 m.y. ago during eruption of the Mt. Laird Tuff and cauldon
subsidence. The Dugway Valley cauldron sank along a series of step=-like
normal faults southeast of Topaz Mountain in response to collapse of the
magma chamber of the Joy Tuff. The caldera structure was modified by
block faulting between 21 and 7 m.y. ago, the time of widespread
extensional faulting in the basin-and-range province. Vents erupted
alkali rhyolite 6-7 m.y. ago along basin-and-range faults.

Uranium mineralization was associated with the stage of alkali
rhyolite volcanism, extensional basin-and-range faulting, and lithophile
metal mineralization; it occurred at least 11 m.y. after the end of the
caldera cycle. Uranium, derived from alkali rhyolite magma, was
concentrated in trace amounts by magmatic fluids and in potentially
economic amounts by hydrothermal fluids and ground water. Hydrothermal
fluids deposited uraniferous fluorite as pipes in carbonate rocks of
Paleozoic age on Spor Mountain and uranium~bearing disseminated deposits
of fluorite and beryllium in the beryllium tuff member of the Spor
Mountain Formation. Uranium of hydrothermal origin is dispersed in
fluorite and opal. Uranium in fluorite may be tetravalent(?) but that
in opal is probably hexavalent; no primary minerals of tetravalent
uranium are known to occur. Ground waters have concentrated significant
ores of hexavalent uranium minerals in.the beryllium tuff member of the
Spor Mountain Formation at the Yellow Chief Mine, and are probably also
responsible for widespread low concentrations (0.0X percent) of uranium
that occur separately from beryllium ore in the beryllium tuff member.
More deposits of the Yellow Chief type may occur in down-faulted
sections of beryllium tuff beneath the Thomas Range. The ground water
ores show no evidence of a reducing environment; instead, precipitation
of hexavalent uranium minerals occurred by evaporation, decline in
concentration of complexing ions such as carbonate, or some other
mechanism. Reducing environments for hydrothermal deposits must be
sought around rhyolite vents and in a hypothesized pluton of alkali
rhyolite composition beneath Spor Mountain; for ground-water deposits,
reducing environments may occur in basin fill such as that of the Dugway
Valley cauldron.



INTRODUCTION

The Thomas Range (fig. 1) contains important deposits of fluorspar,
beryllium, and uranium. These mineral deposits are assog¢iated with a
sequence of volcanic¢ rocks that extends into the northern Drum Mountains
and contains intermediate—composition flow rog¢ks and tuffs, rhyolitic
ash-flow tuffs, and large volumes of alkali rhyolite. The area is. part
of an east-west belt of mineral deposits, vol¢ani¢ and intrusive rocks,
and aeromagnetic high anomalies called the Deep Creek-Tintic¢ mineral
belt (Shawe and Stewart, 1976; Stewart, Moore, and Zietz, 1977), which
also contains the beryllium belt of western Utah (Cohenour, 1963). A
similar sequence of volgani¢ rocks, but with no known mineral deposits,
¢rops out in the Keg Mountains, east of the Thomas Range.

The volgani¢ rocks of the Thomas Range were first mapped and
divided into two groups by Staatz and Carr (1964). Shawe (1972)
reclassified the volganic rocks of the Thomas Range into three
assemblages of 1) flows and agglomerates, 2) ash-flow tuffs, and 3)
rhyolite flows and tuff, all of which he was able to map throughout much
of the Keg, Desert, and Drum Mountains. Geochronologic studies (Lindsey
and others, 1975) confirmed much of Shawe's (1972) three-fold
¢lassification of the volcani¢ rocks of the region. Shawe also
concluded that eruption of voluminous ash=-flow tuffs of his middle
assemblage was followed by caldera ¢ollapse in the Thomas, Keg, and
Desert Mountain areas. The Joy fault was interpreted as part of the
‘ring fracture of the Thomas caldera and such ring fractures were
believed to have provided conduits that localized the deposits of ore-
forming fluids., The northern Drum Mountains also were mapped by
Newell(1971), who ¢onfirmed the general outline of the caldera model
there. Recent mapping in the southwestern Keg Mountains by Staub (1975)
did not confirm the Thomas ¢aldera ring fracture that was projected
there by Shawe (1972).

The mineral deposits of the Thomas Range were studied by Staatz and
Osterwald (1959) and Staatz and Carr (1964), who described the fluorspar
pipes and uranium occurrences there, Beryllium deposits in tuff were
discovered at Spor Mountain in 1959, and studies of these deposits
related them to fluorspar mineralization and rhyolite volcanism in the
Thomas Range (Staatz and Griffitts, 1961; Shawe, 1968; Park, 1968;
Lindsey, 1977). The manganese deposits of the Detroit distri¢t in the
Drum Mountains have been studied by Crittenden, Straczek, and Roberts
(1961) and the area's potential for gold, copper, and other mineral
deposits has been examined by mapping and geochemical surveys (Newell,
1971) and geochemical studies of jasperoid found there (McCarthy and
others, 1969).

The present study was c¢onducted in response to the ¢urrent (1978)
high interest in uranium exploration in the Thomas Range and vic¢inity.
Reconnaissance studies of the uranium potential of the area have been
made (Leedom and Mitchell, 1978; Texas Instruments Incorporated, 1977),



Figure 1.--Map showing location of the Thomas Range and Drum Mountains,
the other geographiec features, and mineral occurrences. Location
of mineral occurrences shown by a pick and hammer and the following
symbols: U, uranium; Be, beryllium; F, fluorite; Mn, manganese;

Cu, copper; Pb, lead; Zn, zinec; Au, gold; and Ag, silver.



114° . 113°

I

Gold Hill EXPLANATION

I . .
. B8
| )\ _Rodenhouse GRANITE RBe
l 2 ’T Wash PEAK Mineral occurrence
Be
| |
\
] \ GREAT SALT LAKE
\
. \ DESERT
40 / : SIMPSON
| / MOUNTAINS
] N . Pb,Zn,
- \ Cu, Ag
\CalEo _ TOQELE CO DUGWAY
Ve VALLEY
| s Cu
! ¢
! \\ Area of figure 2
N
\ Honeycomb Vd \\..g\
N Hils F KEG MTN //:0‘ S
NaaBe Mountain -5 %07 %0 JJ peserT
& Py MOUNTAIN '
' Trout Creek \\ SPRINGS | ge -:_’/O/,O .
- \ //(JER’CH

SEVIER DESERT

LITTLE DRUM
MOUNTAINS

WHITE

VALLEY

Hinckley

- MOusg RANGE

0 10 MILES RED HILLS
f——
0 10 KILOMETRES

o —— - ——— — —

4a



but recent work (Lindsey, 1978) indicated that the history of volcanism
and tectonism in the Thomas Range and Drum Mountains was still not
sufficiently understood to relate it to uranium mineralization and to
provide reliable guides for uranium exploration. A new stratigraphic
framework, resembling that of Shawe (1972) in genmeral outline but
differing in many details, was developed from field mapping,
geochronologic, petrographic, and trace element studies, and a new
geologic map of the area was prepared (Lindsey, 1979). The results of
the new mapping are summarized in figure 2 for reference here, but the
reader should consult U.S. Geological Survey map I-1176 (Lindsey, 1979)
for details. This report describes the geology of Tertiary rocks and
uranium occurrences of the. Thomas Range and northern Drum Mountains in
detail, and proposes a model relating volcanism, tectonism, and
mineralization for the area.
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STRATIGRAPHY
Stratigraphic section

The Tertiary rocks of the Thomas Range and northern Drum Mountains
are divided into nine formations (table 1). As revised here, the
stratigraphy corresponds generally to the former subdivision of
stratigraphic units into oldest (flows and agglomerates), middle (ash
flow tuffs), and youngest (rhyolite flows and.tuffs) assemblages or
groups (Shawe, 1972; Lindsey and others, 1975). Each of these groups is
characterized by a particular style of volcanism and separated by an
angular unconformity. Minor unconformities occur between some
formations, also. '

All of the volecanic rocks with the probable exception of the
Needles Range Formation have local sources. Flows of the Drum Mountains



Rhyodacite were probably extruded from local fissures and from central
volcanos in the Black Rocks Hills and Little Drum Mountains (Leedom,
1974) about 42 m.y. ago. Quiet eruption of rhyodacite gave way to
explosive eruption of ash-flow tuff from vents north of Joy townsite in
the Drum Mountains and east of Topaz Mountain in the Thomas Range. The
first explosive eruptions, from the Drum Mountains vent, deposited tuff
of intermediate composition (Mt, Laird Tuff); whereas all later ‘
eruptions, from 38 m.y. to 32 m.y. ago, deposited rhyolitic tuff. One
or more of these eruptions deposited the crystal tuff member of the Joy
Tuff over an area that extends from Fish Springs Flat to Desert
Mountain, a distance of 60 km, Collapse of cauldron walls 39-32 m.y.
ago left landslide deposits of megabreccia and breccia interbedded with
lava flows and ash—-flow tuffs. Near the end of explosive rhyolite
volecanism, about 30-31 m.y. ago, an ash—flow tuff of the Needles Range
Formation was deposited in part of the area. All later volcanism
consisted of explosive eruption of ash and quiet extrusion of alkali
rhyolite lava as flows and domes at 21 m.y. ago (Spor Mountain
Formation) and 6-7 m.y. ago (Topaz Mountain Rhyolite).

Four angular unconformities record periods of cauldron collapse,
faulting, and erosion in the Tertiary section; these unconformities have
regional extent throughout the volcanic field of the Thomas Range, Drum
Mountains, and Keg Mountains. Unconformity A, at the base of the
section, records some pre-volcanic period or periods of uplift and
erosion of uncertain age. Unconformity B lies beneath the 38 m.y.-old
crystal tuff member of the Joy Tuff, and records subsidence of the
Thomas caldera that accompanied eruption of the Mt. Laird Tuff about 39
m.y. ago. Erosional detritus is lacking above the unconformity,
indicating that it is mainly constructional. Cauldron collapse
resulting from eruption of the Joy Tuff 38 m.y. ago was followed by
deposition of the Dell Tuff 32 m.y. ago and the Needles Range Formation
about 30-3! m.y. ago. Unconformity C represents a 9 m.y. period of
quiescence after ash-flow eruption; it is partly constructional and
partly erosional, as indicated by erosional detritus in the Spor
Mountain Formation of 21 m.y. ago. Unconformity D, between the Spor
Mountain Formation and the Topaz Mountain Rhyolite, formed during basin-
and-range faulting between 21 and 6~7 m.y. ago.

Age and correlation

An attempt was made to date each rock unit in the Thomas Range and
Drum Mountains, using both old and new data (table 2). The ages have
been revised to reflect additional dating and recently adopted decay
constants used in calculating ages by the potassium~argon and fission
track methods., Methods used for fission track dates reported here are
described by Naeser (1976).

The new fission—track ages extend the history of volcanism in
western Utah to almost 42 m.y. ago (tables 2 and 3). A single age of
41.8+2.3 m.y. on zircon from the Drum Mountains Rhyodacite is somewhat
older than two whole rock K-Ar ages of 38.2+0.4 m.y. (revised from

6



Taple l.--Revised scracigraphy of Tertiary rocks in the Thomas Range and northern Drum
Mountains, Juab County, Utah. (Leaders (~-) indicate informacion not available or
‘ aot. relevanc. ] ’

Age (m.y.)y Map symbol ) Déscripcion of rocked!
(on £ig. 2)
<1 Qal ALLUVIUM AND COLLUVIUM (QUATERMNARY)—alluvial pedimencs and scream

deposits of poorly sorced zravel, sand, and clay; colluvium
covering slopes; playa sediments; beach sand and gravel depsosits
and lake-bcctom clays deposited by Lake Bomneville ac alevations
balow about 1580 m (5200 ft) elevatica

unconformity

6.3-6.8 Ttml 2.3 TOPAZ MOUNTAIN RHYOLITE (UPPER MIOCEMNE)--Flows and extrusive domes
= of gray to red, topaz-bearing alkali rhyolite, black vitrophyra,

and interbedded units of tan scracified tuff. Tuff umits (Ttme)
seldom exceed 30 2 in thickness, are local in extent, and have
unconformable bases. fhyolite containg 3parse crystals of
quartz, sanidine, biotita, and plagioclase except locally at
Antelope Ridge and lower part of Pismire Wash, whers pheno~-
crysts are abundaac. Maximum thickness of rhyolite is about
00

apgular uncoanformity D

21.3 Tsp SPOR MOUNTAIY FORMATION, PORPHYRITIC RHYOLITE MEMBER (LOWER
MIOCRNE) ~~Flows and plugs of gray to red porphyritic alkali
thyolite; rhyolite concains abundant pnenocrysts of dark
quartz, sagidine, plagioclase, and biocite and abundant micro-
scopic topaz in groundmags. Maximum chickness is abouc 300 m

(21.3) Tsb SPOR MOUNTAIN FORMATION, BERYLLIUM TUFF MEMBER (LOWER MIOCENE)~-~
Scracified tan vitric tuff and tuffaceous breceia with abundant
clasts of carbonace rocks. Tuff includes thin beds of ash-flow
tuff, beantonice, and epiclastic tuifaceous sandscone and conglomerate
in The Dall. Hydrothermal altaracion of tuff co clay, fluorspar,
and potassium feldspar is widesvread. Maximum chickaess is about
§0 a

angular unconformity C

30‘!’2'/ " Tar YEEDLIS RANGE FORMATION (OLIGOCHIT)—~Simple cooling uadr of pink':o gray to
’ red=brown ash-flow tuff with abundant smail cryscals of plagioclase,
wornblenda, and biotite. Partially welded. Tuff fills paleovalleys
on norchwest side of Drum Mouncains. laximum thickness is about 30 a

32.0 Td DELL TUFF (OLIGOCENE)=--Gray to pink rhyolicic ash-élow tuff caac
conctaing abundant cryscals of euhedral quartz, sanidine,”
biotite, and plagioclase in a poorly welded to unwalled
maerix of devitrified shards and pumice. The tuff rasembles
the older Joy Tuff, bur may be distinguished from the Joy by
the presence of abuadanc large quartz bipyramids and 3
loose, ashlike weathering asvect. Maximum thickness is about
180 m at the anorth end of The Dell -

(<37 T1d LAGDSLIDE BRECCIA, :ECABRECCIA OF TUT UORTHERI DRUM MOT{ITI‘AI‘.ZS
(OLIGOCEIE?)—Megabraccia of Cambrian limesctone and dolomite
qverlying Joy Tuff in aorthera Orum Mouatains. The mega-~
hreceia retains original scracigrapny of the Cambrian scraca
hut contnins iocensely brecciaced and roctated clascs of
Cambrian rocks locally. ‘laximum chickness is abouc 50 =

(32-42) Tls LANDSLIDE 3RECCIA, BRECCIA AT SPOR MOUNTAIYN (OLIGOCENE?)—
Breccia of Ordovician and Silurian dolomite, limescone, and
quartzite. The breceia recains the origimal scracigraphy of
Paleozoic rocks near the breaksway zome at the crest of Spor
Yountain, but passes east inco breccia with clasgs of various
strata mixed togecher and fainely scracified. Maximum thickness
escimaced very approximately at 80 =2

(32-42) Tlw LANDSLIDE BRECCIA, BRECCIA AT WILDHORSE SPRING (OLIGOCENE?)--
Braccia of mixed angular to subround clasts of Paleozoic
vocks and Drum MYouncainsg Rhyodacitaz in a macrix of rhyodacite
fragments. The breccia underlies and passes latarally into
the breccia at Spor Mountain, and is scratified ac the

top. ‘aximum thickness is escimaced very approximacely at
about 20 o

unconformicy

~37 Tib . JOY TUFF, BLACX GLASS TUFF MEMBER (LOWER OLICOCENE)--Simple cooling
unit of rhyolitic ash-flow tuff with sparse crystals of sanidine,
quartz, plagioclase, and biotite and lithic fragmencs of lize-
stone and volcanic rock. Most of the tuff is incengely welded,
with abundant cowmpacted black pumice in the lower part. The
upper, unwelded part is tam and contaips abundant light-colored
pumice. Maximum thickness i{s zbouc 30 =

7



Table l.--cont.

Age (m.y.)}/ Map svmbol Description of rocks;/
(on fig. 2)
38.0 . Tic JOY TUFF, CRYSTAL TUFF MEMBER (UPPER EQCENE AND LOWER OLIGOCENE)-—

Gray~oink to red-brown rhyolitic ash-flow with abundant
euhedral and broken crystals of quartz, samidine, plagio-

- clase, and bigtite in a moderataly welded macrixz of __ . __
devitrified shards. Lower 10 @ of tuff contains abundant
compacted black pumice; light-colored pumice is preseatc
higher {n section. Tuff contains abundant accessory sohene
and rare cognate iaclusions of lachlike plagioclase, biocite,
and gphene thac aid in discinguishing it from the Dell Tuff.
Welding is scrong near probabla vents east of Topaz Mouncain,
where foliatiom is cear vertical and breccia occurs. Maximum
thickness is about 130 @ at che cype locality

angular unconformity 8

~39= Tal MT. LAIRD TUFF (UPPER ECCENE) —Pink quartz latitic ash-flow cuif with
abundant euhedral crystals of white plagioclase (10 mm long),
bronze biocice (5 mm across), and hornblende. Quartz phenow
crysts with resorbed outlines occur in tuff northeast of
Thomas Range. Pumiceous breccia and hydrochermally altered
tuff occur near prabable vent aorth of Joy townsite. Dikes
and plugs of porphyry (Tmli) very similar to Mt. Laird Tuff
erop out 3 km soucth of Joy townsite; they are included in che
dnic. Maximum exposed thickness is about 30 am, but 300 @ of cuff
is laterbedded with :tuffaceous lacustrine sediments inm the sub-
surfacea of Dugway Vallay

(39-42) Tdi . DIORITE (UPPER EZOCENE)~-Plugs of dark gray, massive, fine-grained
diorite intrude Paleozoic strata 3 im southeast of Joy towngita.
The diorite contains abundant caleic plagioclase and hormblende

w42 Tdr DRUM MOUNTAINS REYODACITE (UPPER EQCEME) —Rusty-weathering black
rhyodacite flows and breccias wirh phenocryscs of intermediacte-
composition o z2aleic plagioclasae and pyrozane in an aphanicic
to glassy matrix. Modally, this rock 1is a hyperscthene andesite,
but chemical analyses show the rncik to be a rhvodacita in the
classificacion of Rittmann (1952). Unit includes some intar=-
bedded cuffaceous sandscone and laharic debris flows in the
3lack Rock Hills and some aphanitic flow or dike rocks near Joy
cownsite. Maximum thickness i3 about 240 m in the Black Rock
4ills

angular unconformicy a

- Dpé UNDIFFERENTIATID ROCXS (DEVONIAN TD PRECAMBRIAL) -~Limestone, dolomite,
quartzite, and shale. Formations are differemciaced on maps of
Staacz and Carr (1964) for the Thomas Range and ‘lewell (1971) and
Crittanden and others (1961) for the Drum Mountaing. Maximum
thickness exceeds 1200 m

Y

Ages are averages of all valid K-Ar and fissiom track dates (cable 3); ages in parentheses are inferred from
stracigraphic relacionships. ~

2/

Many units have unconformable ctops, so that the original thickness has been reduced by erosiom.

3/ Average age of the Meedles Range Formation (Armscrong, 1970); average of cwo ages from Litrzle Drum Mountains
is 31.3% a.y.

4 ) .

& A s%ngle age of 36.4+1l.7 m.y. on the Mt. Laird Tuff was decermined (table 1), but the true age of the Mt.
Laird Tuff is egtimated at about .39 a.y. because it underliss the 38.0 m.y.-old crysctal cuff member of the
Joy Tuff.



Figure 2.——Géologic map of Tertiary rocks in the Thomas Range and
northern Drum Mountains, Juab County, Utah (modified from Lindsey,
(1979). '
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Table 2.—Summary of age dates for volcanic formations of the Thomas Range and northern Drum
© Mountains, Juab Caunty; Utah. [Ages determined from some formations in nearby areas are

included. All fission tyack ages.on zircon, sphene, and apatite have been recalculated
1 -1 -1

All R~-Ar ages on sanidine have
10

using dp = 1.551 = 10° and dp = 7.03 % 107 yr

being recalculated using decay constants for Kl‘o

23

of A_ = 0.581 x 107 0r ™! and 4y = 4.962

x 1070 r7L ang O%/ka 1,167 x 10740]
Rock unit ) o Sample A;mi o M:Lner‘al dagéd o uAg_e;Zd o vAv;;;m;. age"

(+ standard error of the mean)
Topaz Mountain Rhyolite ’

(N

Younger flow, Topaz Mountain 177-1;/ . sanidine 6.140.4
Younger flow, Topaz Mountain :ao—m—.ﬁ/ sasidine 6.3+0.4 6.340.1 w.y.
Younger flow, 'Topaz Mountain TAO-I’R-AE-/ zircon 6.3+0.3
Older flow, Topaz Mountain T52—TR-Ar3-/ - zircen 6.2+0.3
e . 3/ . . Co - } TUEL 3N L mayl
Older flow, Topaz Mountain T52~TR-B~ zizcon 6.4+0.3
Older flow, Pismire Wagh TSO-TR—AA/ zircon 6.840.3
Spor Mountain Formation
Porphyritic rhyolite member  T53-TR-3%/ sanidine 21.240.9 }
_ 21.340.2 m.y.
Do.. uz26 zircon 21.5+L.1
Needles Range Formationm,
Little Drum Moumtains U229 zircon 30.6+1.2
’ - } 31.410.8 m.y.
Do. U229 apatite 32.243.6
Dell Tuff ' 143-53/ zircon 30.7+6.3
Do. 13- sphene 28.5+1.2
Do, : 1‘&3-:\2/ apatite 32.8
Do. Ta2-4% zircon 13,0813 b 32.040.6 oy
Do. 'T&Z-Aé-/ sphene 32,4414
Do. ’ I‘AZ-A—}-/ apatite 33.3
Do. T34-4 zireon 29.4+41.3
Do., Keg Mountain Pass KZO-A—3-/ sphene 33.6+1.8
Do. KAB-A-y sphene 32.5+1.6
Do. KA&-AE/ zircon 33.8+1.3
Joy Tuff, black glass tuff B
zember U141 sphene 37.0+4.1
Joy Tuff, crystal tuff .
zember 151-a2" apatite L4001
Do. 151~ spliene 38.5+2.0
Do. V183 ' sphene 39.743.4
Do. . u32 sphene 39.442.8 38.040.7 m.y.
Do. U34 v - - sphene - ~38.4+4 .0 -
ho. - 056 - sphene 36.4+2.3
“'D8.; Désert Mountain U238 - © 7 zircom 34.5+1.3
Do., Picture Rock Hills U240 zircon 36.9+1.7 J
Mt. Laird Tuif us7 zircon 36.4+1.6
Drum Mountains Rhyodacite Ul0A zircon 41.8+2.3
L armstrong (1970, table 3)
E. H. McKee, oral commum., 1975
3 Lindsey and others {1975)
4/

H. H. Mehnert, oral commun., 1976, 1978 9
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Table 3.--Analytical data for new fission track ages of igneous rocks in western Juab and Millard Counties, Utah
[ALLl ages done by external detector method. Neutron dose determined by C. I, Yaeser.] ~

Sample Rock unit Geographic Sample Mineral . Ho. of Induced tracks Agel_‘-_Zc
number area location grains Fossil tracks in detector Neutron dosage
' Number Density Number 2X Density :

counted (tracks/cm”) counted (tracks/cm") (neutrons/cmz)“

uz6 Spor Mountain Formation north of Spor NEL/4 sec. 9, zircon 5 730 6.76)(1()6 463 8.46)(106 4.56x1.011‘ 21.541.1
porphyritic rhyolite Mountailn T.125.,R.12W. . .
member
WA do. The Dell SW1/4 sec. 36, zircon 1 156 4.33x10% 119 6.61x10° a.60x10"  18.1t4.6
©T.128.,R.12W.
ULZB1  Spor Mountain Formation The Dell WW1/4 sec. 36, zireon?! 4 121 2.74x10® 338 5.78x10° 9.97x10"*  28.341.8
beryllium tuff member T.12S.,R.12W. 2/ 6 6 14
(bentonite at Yellow do .~ 2 346 5.77x10 257 8.57x10 9.97x10 40.047.0
Chief Hine) . .
V229  Needles Range Formation south of NEL/4 sec. 23, zircon 10 919 3.52x10° 861  6.60x10° 9.61x10™  30.641.2
Little Drum T.16S.,R.1LW. ’
Mountains
229 do. do. do. apatite 15 234 1.58x10° 1002 1.35x10° 4.62x10"°  32.2¢3.6
T54-A  Dell Tuff ' The bell SE1/4 sec. 26, zircon 5 1031 6.29x10% 1047 1.28x10° 1.00x10Y>  29.4+1.3
T.125. ,R.12W. :
U141 Joy Tuff northeastern NEL/4 sec. 36. sphene 12 262 6.07x10° 1017 4.71x10% 4.81x10"  37.044.1
black glass tuff Drum T.135.,R.11W. ’ :
member Mountains
ULBB  Joy Tuff east of Topaz SW1/4 sec. 10, sphene 12 488 1.13x10° 350 1.62x10° 9.55x10'%  39.743.4
crystal tuff member Mountain T.135.,R.11W. ’
32 do. south of WW1/4 sec. 22, sphene 11 436 1.10x10° 181 1.57x10° 9.43x108  39.442.8
i Topaz Mtn, T.13S8.,R.11W.
34 do. do. NEL/4 sec. 20 sphene 10 366  1.02x10° 1384 7.69x10° 4.86x10%  38.4+4.0
T.13 5.,R.11W.
Us6 do. northvest of NE1/4 sec. 21, sphene 10 369 1.03x120% 1466 8.14x10°% 4.84x10"°  36.442.8
Joy townsite T/14 S.,R.11W.
0238 do. east of NW1/4 sec. 29, zircon 10 789 3.02x10° 656 5.03x10% 9.61x10M%  34.5+1.3
Pesert Mtn. T.125., R.6 W,
U240 : do. Picture Rock HNWi/4 sec. 23, zircon 8 1005 5.28x106 782 8.23x106 9.61x1014 36.9+1.7
Mills T.135., R.10W.
us? Mt. Latrd tuff northwest of NE1/4 sec. 21, zircon 8 966  3.98x10° 886 3,65x10% f.a2x10"®  36.441.6
: Joy Townsite T.14S., R.I11 W.
r29s Keg granodiorite of western Keg  SEL/4 sec. 24, zircon 6 727 3.89)(106 598 6.40x106 1.()1)([015 36.6+1.6
Staub (1975) Mountains T.125., R.10W.
UL0A Drum Mountains The Dell SW1/4 sec. 35, zircom 8 518 1.80x10° s 2.40x10% 9.33x101%  41.842.3
Rhyodacite T.125., R.12W.
1/ ¢ - -10, . -17 238 238
1 omputed using XD = 1.551}:10 /yr and )‘F = 7.03x10 Iyr. )‘l) = Total decay constant for u; AF = decay constant for spontaneous fission of

2/ Zircon believed to be detrital; abundant (90%) zircon with high U content could not be dated.



- 37.340.4 m.y. reported by Leedom, 1974, to account for the change in
constants) for flow rocks that overlie the rhyodacite in the Little Drum
Mountains. The zircon age is considered reliable because 1t is not
subject to the effects of weak alteration that pervades much of the
rhyodacite; also, uranium and the resultant fission tracks are
distributed uniformly in the zircon dated so that counting errors that
may attend dating of zoned grains are not a problem.

The age of the «rystal tuff member of the Joy Tuff is estimated at
38.0+0.7m,y. by eight fission track dates on sphene, zircon, and
apaﬁife. The date of the Joy Tuff marks the onset of extensive
eruptions of rhyolitic ash-flow tuff, A single zircon age of 36.4+1.6
m.y. on the Mt., Laird Tuff, which unconformably underlies the Joy Tuff,
is probably not significantly different from the age of the Joy Tuff.
Accordingly, the true .age of the Mt, Laird Tuff is believed to be about
39 m.y. The age of the black glass tuff member of the Joy Tuff, which
overlies the ¢rystal tuff member, was checked by a single determination
of 37.0+4.1 m.y. on sphene. The age is supported by the close chemical
and spatial association of the two members of the Joy Tuff, and sets
them apart from the younger Dell Tuff, which has an average age of
32.0+0.6 m.y. as determined by ten fission track dates on zircon,
sphene, and apatite.

The age of the ash-flow tuff correlated with the Needles Range
Formation (Pierce, 1974) was determined to check that correlation., Tuff
" of the Needles Range Formation was described from outcrops south of the
Little Drum Mountains (Leedom, 1974; Pierce, 1974), and mapped by me
(Lindsey, 1979) along the northwest side of the Drum Mountains., Fission
track ages of 30.6+1.2 m.y. on zircon and 32.2+3.6 m.y. on apatite
confirm assignment of the tuff to the Needles Range Formation, which was
estimated by Armstrong (1970) to be 30.4 m.y. 0ld (age adjusted to
aceount for different decay constants).

The 21 m.y. age of the Spor Mountain Formation is confirmed by a
new zircon date of 21.5+l.1 m.y. on the plug of porphyritic rhyolite
near Wildhorse Spring. H. H. Mehnert dated the porphyritic rhyolite
flow at the Roadside pit at 21.2+0.9 m.y. by the K-Ar method on sanidine
(Lindsey, 1977). An age of 18.1¥4.6 m.y. was obtained for porphyritic
rhyolite at the east side of Thé_bell, but was not used in estimating
the average age (table 2) because only a single grain of zircon ¢ould be
dated.

An attempt to date zircon from bentonite in the Yellow Chief pit, a
facies of the beryllium tuff member of the Spor Mountain Formation, was
not sucecessful, Detrital zircon from the bentonite comprises about ten
percent of the total zircon and is dated as 28.3+1.8 and 40.0+7.0 m.y.
0old; it reflects the ages of the older volcanic rocks. The fzhaining 90
percent of -the zirgon has high track densities and c¢ould not be dated;
it contains 2200-4500 ppm uranium, which is well above that of zircon
from the older volcanic rocks and within the range of high uranium
content typical of zircon in the overlying porphyritic rhyolite
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member. Field relationships presented in following sections indicate
that the age of the bentonite and the rest of the beryllium tuff member
is close to that of the overlying porphyritic rhyolite.

The history of igneous activity is approximately the same in the
Thomas Range, Drum Mountains, Keg Mountains, and Desert Mountain (Shawe,
1972; Lindsey and others, 1975). Each range has local intrusive and
volcanic rocks, however, and only the ash-flow tuffs provide
stratigraphic markers that extend into all of the ranges. The Keg
Spring andesite and latite of Erickson (1963) is 39.4+0.7 m.y. old and
is confined to the northwest part of the Keg Mountains. The Keg Spring
is overlain by the Mt. Laird Tuff north of Keg Pass; thus it occupies
the same stratigraphic position in thé Keg Mountains as the Drum
Mountains Rhyodacite does in the Thomas Range. A newly recognized stock
of granodiorite (Staub, 1975; H. T. Morris, 1976, oral commun.), dated
here at 36.6+1.6 m.y. by the fission track method on zircon, intrudes
the Keg Spring andesite and latite west of Keg Pass, Both of these
rocks are unconformably overlain by the c¢rystal tuff member of the Joy
Tuff in the Pigture Rock Hills, which suggests that the zircon age of
the granodiorite stock may be about 1-2 m.y. too young. The Dell Tuff
unconformably overlies the Keg Spring andesite and latite and the Mt,
Laird Tuff north of Keg Pass, where three fission track ages yield an
average of 33.1+0.4 m.y. (Lindsey and others, 1975). The crystal tuff
member of-the Joy Tuff is well exposed on the east side of Desert
Mountain, where it has been dated at 34.5+1.3 m.y. by the fission track
method. This age may be too young because the tuff has been intruded by
the stock of Desert Mountain (Shawe, 1972); the granitic facies of the
stock was emplaced about 28-31 m.y. ago (Lindsey and others, 1975;
Armstrong, 1970), and that event may have reset slightly the zircon age
of the tuff., Stratified tuff and rhyolite considered to be equivalent
in part to the Topaz Mountain Rhyolite were erupted from the Keg
Mountains about 8-10 m.y. ago. Alkali rhyolite and basalt at the north
end of the Fumarole Butte were erupted about 6~7 m.y. ago (Mehnert and
others, 1978; Peterson and others, 1978). The last volcanic activity in
the region was the eruption of basaltic lava at Fumarole Butte 0.88 m.y.
ago (Peterson and others, 1978).

DESCRIPTION OF ROCK UNITS
Drum Mountains Rhyodacite
The oldest formation of volcanic rocks in the mapped area consists
of dark, rusty-brown weathering flows and flow breccias having the

chemich composition of rhyodacite and, to a lesser extent, quartz
latite”.

1 Nomenclature of Rittmann (1952) is used throughout this report,
unless otherwise stated.
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Figure 3.--Photomicrograph of Drum Mountains Rhyodacite showing
partially resorbed plagioclase (P) and clusters of hypersthene (H)
and plagioclase in a groundmass of microlites. Crossed polars.
Sample from sec. 20, T. 13 S., R. 11 W.

13



13a



7T

VB N W P ow R om

Tahle &.--Cowpartscn of the mean and range (In paventhesen) of wlaetal composttian and the ocewrreace

of accessory mlnerals fn volcanic rocks {a the Themaa Range and northern Prom Howntalns.
{Hineral compositfon estimated from polnt countn cn three to six thin sections and cohaltlaftrite-

stalned alabs nf each rock type by €. A. Branomn.
microsenpe and X-ray methods by the welter using mineral concentrates prepared hy heavy liquid
and electromagnette meparation. v, trace; x,

Actessory minerals {dentifled hy binocular

present; leaders (--) fadlcate not pre=ent. |

Hineral compoaftion {n percent

1 2 b L} s 6 ? 8 9
quartz 0.1(0-0.4) n.30-1) Z9(1?~)6) 5(3-7) 20(14-25) 0-5) R(13-27) 6(A4-10) 16(12-19)
k-feldspar . - 24(15-35) (2-6) 21(16-26) - 19(12-29) (-1 13(10-14)
plagloclase 25(20-27) 17(9-29) B(1-14) s(-n 8(5-11) 363N 2¢0-1) ' <¥{0-1) -n
botite - 3(1-5) (0-8) <1(n-1) 301-5) 721 1(0-3) - -
hornblende - 6(0-11) tr - - 9(6-13) - - -
bhyperathene 10(1.5-13) 4(1-5) - - - RICNY) - - -
and augfte
rock fragments - tr 1(0-11) B(6-11) <t(0-1) <1(0-1) - - -
cpaque minerals 201-6) 1.5¢0-3)° Tee -1y tr 2.6(1-4) e Aa(-1)  <1(o-1)
other acvessory 0.0(0-2.4) 1.0(n-2) AL N7 tr ty tr tr tr
sinerata .
matrix 63(52-74) 68(61-72) 34(26-49) 79(17-89) 4B(40-54) 46(A2-52) A {A6-72) 87(74-96) 68(63-71)
comporition glans snd devitrifiad devitrififed nlnsny to devitritied glessy to devitrilicd devitrifled devitrified
of mateix cryatals shatds and shards and devitrified shards and dovitrified ginan plana grlasn -

pumlce pumlce charda and pumfce shards and
pumlce pamice
Occurrence of accessory mineradn

magnetite ] x x x x x x - -
specular hematite - - - - - - - x x
allantee - - x x x - - - -
sphene - - x ) x x - - - -
rircoa t x 3 x x x ty tr o
apatite . tr x x x x x - - -
topaz - - - - - - x x x

Dowe Hountalus Rhyodactie

He. falvd Toff

Cryvlal vaft member of Joy Tuff

Black glass tuff membher of oy Tulf

Dell Toff

Needles Range Format fon

Porphyritic rhyotite member of Spor Hountaln Farwmastfon

Flown and domes of alkatt rhyoléte,

Tupaz Hosstats Rhyolite

Local flows and dom:a at porphyritic athsli shyollte, Topaz Wnmtala Bhyolite




Named the Drum Mountains Rhyodacite for exposures in the Drum Mountains
(Lindsey, 1979), the rhyodacite crops out discontinuously around Spor
Mountain and is well exposed in the Black Hills, where it is believed to
have been erupted from a small central volcano. It is about 240 m thick
in the Black Rock Hills and about 150 m thick in the southern part of
The Dell. Volcaniclastic sandstone and laharic brecclas are interbedded
with the lower part of the rhyodacite in the Black Rock Hills. Some
dark aphanitic flow rocks were mapped with the more porphyritic
rhyodacite near Joy townsite; these are seen under the microscope to
have similar petrographic features. Much rhyodacite in the northern
Drum Mountains and around Spor Mountain is broken into many blocks about
100-300 m across of diverse orientation; this may reflect shattering of
the formation as it subsided into the Thomas caldera. The rhyodacite
everywhere unconformably overlies rocks of Paleozoic age, and is
overlain by the Mt. Laird Tuff locally, by the Joy Tuff at many
localities, and by landslide breccia, Dell Tuff, and the Spor Mountain
Formation around Spor Mountain.

The rhyodacite contains an average of 35 percent euhedral
phenocrysts of plagioclase and pyroxene as large as 3-4 mm in a
groundmass of plagioclase microlites and glass (table 4) (fig. 3).
Plagioclase is mainly andesine and labradorite, but sodic rims are
common; pyroxene is mainly hypersthene, but lesser amounts of augite are
present and pigeonite has been reported (Staatz and Carr, 1964).
Euhedral magnetite is abundant, traces of quartz occur at a few
localities, and very small amounts of accessory apatite and zircon also
occur locally. Along the east side of Spor Mountain, the mafic minerals
in the rhyodacite are commonly altered to chlorite and-brown
hydromica(?).

The texture of the rhyodacite indicates that the phenocrysts were
not in equilibrium with the magma at the time of eruption and cooling of
the groundmass. Intratelluric crystallization of the phenocrysts
evidently proceeded in an andesitic magma; somehow, either by addition
of another magma, contamination with wall rocks, or differentiation, the
melt became more silicic and alkali-rich than the original magma, so
that plagioclase phenocrysts were partially-resorbed and overgrown with
sodic rims. The interiors of some plagioclase have a sieve texture of
holes filled with glass; these may indicate change in composition of the
melt or, alternatively, of temperature and pressure. When erupted, the
remaining lava cooled quickly to form microlites and glass. Chemical
analyses confirm that the groundmass of the rhyodacite is much more
" silicic (59-63 percent 3102) than the phenocrysts would indicate.

The modal phenocryst content suggests the rock is a hypersthene
andesite, but most chemical analyses show it to be rhyodacite and quartz
latite in the classification of Rittmann (1952).
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.Diorite

Plugs of diorite crop out in the Drum Mountains 3 km southeast of
Joy townsite; they were first mapped by Crittenden, Straczek, and
Roberts (1961) as quartz diorite and were examined only briefly by me.
Fresh specimens of the rock are dark brown in color, like the Drum
Mountains Rhyoda¢ite, but the rock is phaneritic, unlike the aphanitic—
porphyritic texture of the rhyodacite. In thin section, the rock is
seen to contain about 56 percent elongate, subparallel grains of calcic
plagioclase and about 22 percent hornblende that is highly altered.
Other minerals include about 7 percent anhedral brown biotite, about 9
percent anhedral potassium feldspar, 5 percent magnetite, and accessory
apatite. Although Crittenden, Straczek, and Roberts (1961) called the
rock quartz diorite, no quartz could be identified with certainty. The
diorite is assigned an Eocene age on the basis of overall compositional
similarity to other rocks of that age and on the basis of cross—cutting
by dikes considered equivalent to the Mt, Laird Tuff. Crittenden,
Straczek, and Roberts and others (1961, pl. 20) mapped dikes of quartz
monzonite porphyry cutting the diorite. Reexamination of their quartz
monzonite dikes 2-3 km south and southwest of Joy townsite showed them
to be nearly identical to the Mt., Laird Tuff. Similar, but
hydrothermally altered, dikes cut one diorite plug indicating that the
diorite is older than the Mt, Laird Tuff.

Mt, Laird Tuff

The Mt. Laird Tuff, called plagioclase ¢rystal tuff by Staatz and
Carr (1964, p. 78-79), is about 80 m thick in the type area near Mt.
Laird in the north-central Drum Mountains. It overlies the Drum
Mountains Rhyodacite and is unconformably overlain by the Joy Tuff. The
Mt. Laird Tuff has a wide but scattered distribution: it c¢rops out
northeast of the Thomas Range, where it overlies rocks of Paleozoic age
(Staatz and Carr, 1964), and in the northern part of the Keg Mountains,
where it overlies the Keg Spring andesite and latite of Erickson
(1963). The formation is more than 500 m thic¢k in the subsurface 2-3 km
east and northeast of Topaz Mountain, where drilling has revealed a
section consisting of 1) 95 m of ash flow tuff, 2) 62 m of tuffaceous
sediments, 3) 75 m of ash-flow tuff, 4) 85 m of tuffaceous sediments,
and 5) 199 m of ash-flow tuff to the bottom of the hole (table 5). The
drilled section contains three major intervals of ash-flow tuff, and
variation in size and type of 1lithi¢ inclusions within these suggests
that each may consist of more than one ash flow. Much of the tuff is
partly welded, devitrified and further altered to clay and calcite.

Outcrops of the Mt, Laird Tuff vary from gray to pink to lavender
and the tuff can be recognized easily in the field by conspicuous white
plagioclase phenocrysts as much as 10 mm long and bronze-colored biotite
phenocrysts as much as 5 mm across (fig. 4A). Locally, the Mt., Laird
Tuff displays distinct lamination reflected by compacted dark pumice.
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Figure 4.~-Mt. Laird Tuff. A) Photo showing large euhedral crystals
of white plagioclase and dark biotite in a foliated matrix. Sample
collected from upper part of Mt. Laird Tuff in SW 1/4 sec. 16,
T. 14 S., R. 11 W. B) Photomicrograph of same rock showing
crystals of plagioclase (P), oxidized hornblende (H), and biotite
(B) in an altered matrix; no vitroclastic texture is evident.
Crossed polars. Sample locality same as A. () Photomicrograph of
ash-flow tuff showing broken crystals and vitroclastic texture,
from drill core 216 m below surface at SW1/4 NW1/4 sec. 3,
T. 13 S., R. 11 W. D) Photo showing core of tuffaceous sandstone
and siltstone from 391 m below surface in drill hole at SW1/4 NW1/4
sec. 3, T. 13 S., R. 11 W.; note flame structure, graded bedding
(top), and carbonacecus laminae. E) Photo of core showing
carbonaceous siltstone and mudstone with mud chips and matrix-
supported conglomerate of mudflow origin (right core). Left core
is from 401 m below surface; right core is from 334 m; both from
same drill hole as D). F) Probable vent breccia in the Mt. Laird
Tuff northwest of Joy Townsite, NE1/4 sec. 21, T. 14 S., R. 11 W.

17



mm,






Table 5.--Section of Mt. Laird Tuff in drill hole east of Topaz

Mountain.

Taken from log by Charles Beverly of hole 7 drilled for

Bendix Field Engineering, revised after study of core and thin

sections.
R. 11 W,
(1,995 ft)
Top of unit,
meters below
surface
0
70
90
185
187

Formation

Location of drillhole is SW 1/4 NW 1/4 sec. 3, T, 13 S.,
Ground elevation, 1,669 m (5,475 ft); total depth, 608 m

Description of core and thin sections

Topaz Mountain Rhyolite

Crystal-poor alkali rhyolite flow.

Joy Tuff; crystal tuff member

Crystal-rich (quartz, sanidine, biotite, and
plagioclase) rhyolitic welded ash-flow tuff,

Mt. Laird Tuff (top approximate)

Crystal-rich (plagioclase, biotite, -
hornblende) quartz latitic welded ash-flow
tuff, Thin sections at 98 m show glassy,
perlitic matrix; at 152 m, matrix is
devitrified and ¢rystals are euhedral

and mostly unbroken. At 158 m, matrix

is devitrified but contains relic¢t pumice,
and broken ¢rystals are common.

Fault (?) breccia,

Tuffaceous sediments of probable lacustrine
origin include carbonaceous

laminated mudstone, siltstone, sandstone,

and minor conglomerate, Ash—flow tuff
interbedded with sediments below 239 m. Thin
sections at 202 m are of tuffaceous sandstone
containing altered pumice, plagioclase,
biotite, quartz, and lithic¢ fragments of
rhyodacite, tuffaceous siltstone,

quartzite, and carbonate rock;

all fragments are angular,

At 210 m, same as at 202 m but with
birefringent ¢lay or sericite. At 240 m,
unwelded ash-flow tuff containing broken
plagioclase, biotite, quartz, hornblende
altered to calecite, and altered pumice.
Lithic¢ fragments of flow rock.
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Mt. Laird Tuff--cont.

Crystal-rich (plagioc¢lase, biotite, quartz,
and hornblende), latitic ash—-flow tuff with
abundant lithic¢ fragments of carbonate rock
and volcani¢ rocks to 292 m and below 305 m.
Minor to no welding. Thin sections at 277 m
and 306 m contain many broken c¢rystals,
relict pumice, and an altered matrix.

Tuffaceous sediments of probable lacustrine
origin include black laminated carbonaceous
mudstone with pyrite, siltstone, sandstone,
minor conglomerate and some interbedded ash-
flow tuff, Sediments contain abundant graded
bedding, flame structure, mud chips, and
cross-lamination. Thin sections at 335 and
392 m contain abundant angular quartz,
plagioc¢lase, biotite, carbonate rock, and
altered volcanic rock fragments.

Crystal-rich (plagioclase, biotite, altered
hornblende) quartz latitic welded ash-flow
tuff, Large lithic¢c clasts to 433 m. Thin
sections at 514 m show c¢rystals to be
euhedral and unbroken but accompanied by
relict pumic¢e in a devitrified matrix. At
575 m, many c¢rystals are broken and large
resorbed quartz crystals are common.

Bottom of hole,
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As seen under the microscope, the tuff contains 9-29 percent
plagioclase, 1~-5 percent red-~brown biotite, and as much as 11 percent
hornblende and 5 percent pyroxene (table 4) (fig. 4B). Crystals in the
upper part of the Mt. Laird are remarkably euhedral and unbroken for an
ash-flow tuff, and it is possible that this rock, with no preserved
vitroclastic texture,may be flow rock instead of tuff. Broken crystals
and relict pumice and shards are common in the rest of the tuff (fig.
4C). Northeast of the Thomas Range, the tuff differs from the type area
in that it contains conspicuous quartz. Plagioclase (labradorite) in
the Mt. Laird Tuff is typically zoned; some is euhedral but other
crystals have sieve texture and rounded, resorbed boundaries with zones
and overgrowths that follow these boundaries.. Hornblende is partly to
completely altered to iron oxide minerals and, locally, plagioclase is
altered to chlorite and sericite. Accessory magnetite and traces of
apatite and colorless zircon are present. The groundmass of the tuff
near Joy townsite contains abundant plagioclase microlites and small
hornblende crystals that are altered to iron oxide minerals; all are set
in a matrix that was probably glassy, but evidence of vitroclastic
texture has been destroyed by alteration.

Study of core and thin sections from drill holes (table 5) that
penetrated the Mt. Laird Tuff east of Topaz Mountain confirms the
abundance of ash-flow tuff in the formation. Only the upper 70 m
contains large, euhedral crystals with little or no vitroclastic texture
preserved. The matrix is perlitic glass at 8 m, but completely
devitrified at 62 m below the top of the Mt. Laird Tuff. The latter
resembles the upper part of the Mt. Laird 3-4 km northwest of the type
locality. Perhaps the uppermost part of the Mt. Laird is a flow, but
more likely it formed by eruption of a very hot, viscous ash flow.
Below the top 70 m of Mt. Laird Tuff the drilled section contains much
ash-flow tuff distinguished by broken crystals and relict pumice and
shards (fig. 4C). At 485 m below the top of the tuff, near the bottom
of the drill hole, large crystals of resorbed quartz are common, as is
also the case in tuff northeast of the Thomas Range.

Two intervals of tuffaceous sediments are interbedded with the Mt.
Laird Tuff in the subsurface east of Topaz Mountain (table 5). The
sediments contain laminated carbonaceous mudstone, siltstone, sandstone,
and conglomerate (figs. 4D, E) derived mainly from the Mt. Laird ash
- flows and Drum Mountains Rhyodacite. The sediments contain abundant
graded bedding, flame structures, mud chips, and cross lamination;
conglomerates are matrix supported, indicating a mud-flow origin. Such
features, taken together, indicate rapid sedimentation. Mudstones
contain small amounts of organic carbon and pyrite indicating that they
may have been deposited in stagnant water. The Mt. Laird sediments were
probably deposited in a lake that formed during eruption of the Mt.
Laird Tuff and attendant cauldron subsidence.

Some features of the Mt. Laird Tuff indicate that it was erupted

from the vicinity of Mt. Laird in the Drum Mountains. At the type
locality and also 3-4 km northwest of Mt. Laird, the lower part of the
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tuff contains a distinctive bre¢cia of abundant large (30 ¢m) pumiceous
tuff clasts in a similar matrix (fig. 4F). Such monolithologi¢ breccias
may represent fallback into the vent during eruption. Alternatively,
the brecc¢ia ¢ould result from collapse of earlier-formed ash-flow sheets
during eruption. Kaolinitic¢ and pyritic altered areas, now oxidized,
occur at the surface in tuff on the north side of Mt. Laird; these may
represent post—eruption alteration by fluids from the magma of the Mt.
Laird Tuff,

An area of porphyry intrusion and mineralization in the Detroit
mining district of the Drum Mountains may be part of the Mt, Laird magma
chamber that did not c¢ollapse, or may represent resurgence and shallow
intrusion of the Mt, Laird magma after eruption of the tuff. Small
dikes and plugs of porphyritic rock, mapped as quartz monzonite porphyry
by Crittenden, Straczek, and Roberts (1961), are very similar to the Mt.
Laird Tuff, Most intrude rocks of Cambrian and Precambrian age, but one
dike intrudes a 