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URANIUM POTENTIAL OF THE BIG JOEN CALDERA,
BEAVER. COUNTY, UTAH
.By

Te Ao Stéven, C. Ge. Cunningham, and J. J. Anderson

The»Big'Johﬁ caldera is a small suﬁsidence‘structure in the Marysvéle
volcanic field, high along the western flank of the Tushar Mountains in west-
central Utaﬁ (fig. 1) . This caldera formed 22 m.y. ago‘in“response to
ash-flowveruppions of the Deiano Peak Tuff Member of the Bullion Canyon
Volecanics. Little, if'any, mineralization took pLace during or shortly after
caldera subsidence, but subsequent‘geoiogic events produced se?eral
environmenfs that seem favorable for;the occurrence of uranium deposits. This
brief report outlines thé geologic framework:of.;hese envirénments and is
intended to sérve as a guide for more detailad investigations énd possible

exploration of the more favorable areas.

Precalderacgeology »

The geologic history of the Marysvale volcanic field.(Steven‘and others,
1978;‘Row1ey and ofhers, 1979) chronicles_the development of many local
volcanoeS'the'periods-of_activity of which ranged from sequential to partially
overlapping and concurrent. The»prpducts from the many local centers |
‘ coalesced into é,broad-volcanic plateau surmounted by the crests of the larger
volcanoes. Initial activity built a large composife volcano of‘t&pically
porphyritic intermédiate—composifion lavas and breccias in the northern Tushar
Mountains sometime before 30 m.y. ago. -Subsequently, flank eruptions formed

local volcanoces around the margins of the composite volcano, and asthlow‘tuff



sheets from 1o§al and distant sources lapped onto the flanks of the older
volcano and‘intertﬁngued marginallj*with‘itm Most of the locally derived
rocks are includéd in the Bullion,Canyon4Volcapics, a méjor volcanic unit in
the<northern'part-oflthe Marysvale volcanic field. Only a small segment of
the southern fiank of)the Bullion Canyon volcanoes is shown on figure 1. The
30-29 mey. 0ld (Fleck and others, 1975) Wah Wah Spriﬁgs Tuff‘Member of the
Needles Range Formation, erupted from a source in the Great Basin area many
kilométeré to the west, is a key stratigraphic marker uﬁit'in this
assemBlage. It rests directly on prevdlcanic*sedimentary‘rocks over wide
areas of western Utah, but overlaps and.wedges out against'tﬁe flanks of the
older volcano in the northern Tushar‘Mbuntains (Steven and Cunningham, 1979a).
After the Wah Wah Springs‘Tuff'ﬁEmber was emplaced, a series of'volcanoes
bégan>t0'form‘in the southern part of the MarysvalenvoLcanic field.. Thgse
volcanoes consist largelyfof‘mafic intermediate-composition lava flows and
volcanic breccias that"have~beep‘called thé Mount Dutton Formation (Anderson
and Rowley, 1975, p. 24). Mount Dutton voléanoes are»écattered across a widé.
area, from thé-Sevier‘Plateau on the east, across. the northern Markagunt
Plateau and southern'Tﬁéhar Mbﬁntains, to the Black Mountains on the west.
Products from these volecanoces ovérlap'ﬁofthward-and in paft intertongue with
concurrently erupted rocks from the Bullion Canyon volcapoes in the northern
~ Tushar Mountains. Local ash-flow tuff units are interlayered-wifh both the
Bullion Canyon and Mount: Dutton assemblages. | |
Aﬁ the timevthe~Big'J§hn caldera formed, about 22 m.y. ago, this part of
the Marysvale &olcanic'field was extremely active; some of the Bullion Canyon
volcaﬁoeS-were~still erupting but in diminished volumes, and many of the Mount
~ Dutton volcanoes to the south were still vigorously active. A major regiomal
ash—fIOW'tuff”sheet,-the Osiris"Tuff3ﬂwas erupted from a caldera sourcé to the

northeast and covered the lower flanks of all the older volcanoes. This
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period of intense activity continued through the development of the Big John

caldera described next.

Big John caldera

Shortlf afﬁer‘the Osiris Tuff was emplaced but still within analyticai
unceftainty of a- K-Ar age of 22 m.y. (Steven‘aqd others, 1979, p. 21), the
lower ground on the volcanic plateau between the major Bullion Canyon and
Mount Dutton volcanoes was the gite of violent ash-flow eruptions that
emplaced the erystal-rich quartz latitic Delano Peak Tuff Member of the
Bullion Canyon Volcanics. This unit largely filled the low areas between
older volcanoes and éuddled to thicknesses of 300 ﬁ in some of the.valleys
there (fig. l).f It iapped out marginally against older volcanoes to the
north, east, andVSOuth.-'ItS'western extent is not known, however, and it
could have spread many kilométers iﬁ this direction. The sﬁeet appears to
have had a moderate volume ﬁeasufed in terms of tens of cubic kilometers; it
definitely was not a major regioﬁal shget"with a volume of hundreds of cubic
kilometers.. |

The Delano Peak ash-flow eruption led to collapse of the source area to
 form the Big Joﬁn caldera. The subsided area measures about 10 km across N=S
and 6 km across E-W; the'amoﬁnt‘of'subsidence along its clearly'definéd
eastern margin is in excess of 300 m. Big John Flat near the center of the
subsided area (fié. 1)'1s‘the geographic feature for which the caldera 1is
named. The western margin of the subsided block is poorly exposed and its
cha;acter is difficult to ascertain. NoISharp structural boundary has been
found,. and‘a.disfinct possibility exists that on this side, the subsided rocks
merely bent down across a hinge zone to form a trapdoor;fand was block faulted

only along the east and southeaste.



At the surface the eastern margin of the Big John caldera is everywhere
marked by a topograpﬁic*vall along which postsubsidence lava flows and welded
tuffs are piastered against_a‘steep slope cut across presubsidence rocks (fig.
1). The northérn éaft of this perimetef'is especially important, for here it
can be shown that subsidence followed immediéﬁely after eruption of the Delano
Peak Tuff MEmber-énd preceded deposition of the next younger volcanic units in
the same area. From the abrupt truncation of the Big John caldera by the
youngef_Mbunt Belknap'cal&era negf Bullion Pasture (fig. 1), southeastward for
6 km through Delaqo Peak to the vicinity of Mount Holly,.theghigh divide
marking the crest of theﬁTushar'Mbuntaiﬁs_conéists-largely.of’densely welded,
_flat-lying:Délano Peak Tuff MEmber-(figv 1, unit Tbd) as much as 220 m .
thick. Wést of the divide, thesevflat-lying rocks are cut off abruptly by an
ifregularly eroded,. westwafd-slopingrwall that was covered by lava flows and
local welded tuffs of thé upper“Bullioﬁ Canyon. Volcanics (fig@ 1, unit Thu)-
which flowed down the~wall'and accﬁmulated against it. The oldest of these

“upper units was. a local thin rhyolitic‘ﬁelded ash-flow tuff that was depositéd
here and there on the wall northwest of Delano Peak and became strongly
lineate by secondary flow down thérwali while"it was welding. This unit is
'voverlain by dark, poorly porphyritic, mafic intermediate~composition lava
flows that were erupted from sources to the east and flowed westward across
the scarp to forﬁ-aithick‘sequence«of steeply dipping flows that filled the
eastern paft of the subsided block. Several erosional windows cut thféugh the
younger caldera f111, east and.south of Big John'Flat, expose these same
-postcalder#;flows, indicating that_the'floﬁf of the caldera also was widely

covered during the same period of eruptiom.




The south wall of the caldera coﬂgistsrof a. mixed assemblage of Bullion .
Canyon;Volcanics and Mount Dutton'Formatibn,_agd is so widely covered by
youngér units and obscured by surficial deposits and timber that only géneral.
relatioﬁs could be established.

To the west, the southern margin of the Big John caldera is covered by
several younger voicanic accumulatidns now well'exposed in the canyon of
Beaver River. Delano Peak quf Member is exposed‘in a émall window along
Beaver River 12 km southwest of Three CreekS‘Réservoir- It is overlain by
dark, mafic intermediate-composition lava flows and volcanic breccias, with
local ash-flow tﬁffs,_that constifuteAtwo small relativelj young volcanoes in
the Mount Dutton. assemblage, apd'these in turn aré overlain by thick, coarsely -
porphyritic, quartz latite lava fléws~and'domes tha; Sigmund (1979) has called
the formation of Ldusy.Jim (fige. 1, unit T1lji). |

Lqusy~Jim~rocksvalso have been dated by the K-Ar method as about 22 m.y.
old (Fleck*énd othérs, 1975, p}z56), andrthus:éonceivably.could be related to
the later parts'of thé Big John caldera cycle. The location of source vents
fof the Lousy Jim near the-projectedvmargin of the Big John caldera lends
credence to this possibility. However, so many volcanic eruptions were taking
place within such a brief span'§f time about 22 m.y. ago that it is difficult
to distinggish:those'that‘are genetically related..

Also dated (K-Ar) within analytical uncertainty as 22 m.y. old (Fleck and
others, 1975, p. 57) is é local shield volcano or lava plateau of potassium-
rich Easalt or basaltic andesite (figg_l, unit Tomf) that now forms the crest
of Circleville Mountain in‘the-southern part of figureflm This pile of mafic
lava flows filled a quad valiey'cut in the older Mount Dutton volcanoes. It
was derived from local dike sources (fig. 1, unit Tomi), and nowhere is in

contact with any of the other volcanic units also dated as about 22 meye old.



By 19 m.ﬁ. ago the area of the Big Johnxcaldera~was arbroad basin drained
through a southﬁard-trending-canyon thaﬁ had been cut across older volcanic
récks-south:qf the caldera. No details of the erosional history that led to
chtting'of'this canyon”have'beén-established:because—most of thé evidence has
been removed by erosion or covered byﬂyouﬁger volcanic units. The lower part
of the eroded caldera ﬁasing‘and at least the upper part of the outlet canyom,.
was filled to an unknown thicknesé;by stream sands and gravels.

The outlet where the canyon leaves the caldera areavis~clear1y defined on
the south side of Lake Stfeam,.l.s to 3.0 km east of the Three Creeks
Reservoir (fig. l)r  The canyon obviously extended southward either east or
west of thé older basaltic shield,vdlcaQO‘br lava plateau underlying
Circleville Mountain, but the<sou§h end of the channel has not been 1o§ated

>yetm The position shown on figure 1 is conjectural.

Postcaldera geology

The drained topogr#phic:basin relict from the Big John caldera was just
south of the western source area of the Mount Belknap Volcanics (Cunningham>
and Steven, 1979&); the site of voluminous erﬁptions of rhyolitic ash and lava
flows:abo;t 19 m.y. ago. Ash flows from this source area filled the Big John
basin with variably welded asb—flow-tuffs of the Joe Lott Tuff Member. The.
degree of welding“invthe JoerLott'cﬁanged markedly outward from the source,
and near the outlet of the basiﬁ much of the ash was virtually nonwelded.
This soft vitric material was largelytaltered by ground water to fhe zeolite
_mineral.clinoptilolite; the quality andrquantity'of the clinoptilolite
constitute a potential resource: (Steven and Cunningham, 1979b).

Several.minor'ash-EIOW’units, also derived from the western source area
of the Mount Belknap Volcanics, oveflie thevJoe‘Eo;t Tuff Member in the

southern part of the Big John caldera (Steven and others, 1979, p. 27).



These, too, were largely nonwelded aﬁd also were-diageﬂetically altered to
cliﬁoptilolite"and clay (Sﬁeven and Cunningham, 1979b)..

As indicated by present exposures; the soft Mount Belknap Volcanics units
extend only 2-3 kmvdown-the-outlet.chaﬁnely although they probably extended
much farther when originally déposited; This soft material was largely
removed when later erosion teexcavated.the'southward drainage from the Big
John caldera area. Not only wére the soft Mount Belknap tuff units in the
channel eroded, but any older streém éediments tﬁat underlay the Mount Belknap
were also stripped during this period of erosion.

Later in ﬁiddle Miocene or younger time, basaltic lava flows were erupted
widely in thé4southefnvTushar*Mbuntains and ;djacent'areas, and mafic gravels,
consisting of an esﬁimated-90 percent clasts of the yéunger'basalt and 10
percent clasts of tﬁe older basalt from the Circleville Mountain area, were
deposited eséentially concufrenﬁly.f'Drainage<from‘the Big John caidera’was
blécked, and the gravel apron-back-filied the'older éhanngl to the edge of the
Mount Belkn;p rocks that still filled tﬁe.Big~John caldera and upper several
kiloﬁeters:of'the»outlét channel.: Thé contact betwéen-the local stream
sediments and.overlying Mount Belknap: Volcanics that form much of the £111 in
the Big John caldera, and thevyouﬁgér'mafic“gravels now occupying most of the
outlet channel, is if;egularly abutting'énd is close to the topographic wall
of the Big John éaldera4(fig.~1).- Thié coincidence of rock units of many
types and ages meeting within ailimited area along steep erosional contécts
with opposite inclinations haé made a relatively simple sequence of évents
quite difficult to decipher.

| The accumulation of the younger basalt lava flows and related gravels, in
combination‘with widespread'Basin-Réngé faulting and'defbrmafion'in'later4

Cenozoic times, totally disrupted the earlier drainage system of the Big John
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caldera.. Mbdern‘Beaver'River‘and’its tributaries now drain westward.
consequent on the westward-tilted mountain range. The deep canyons cut by
this new drainage system are athwart the earlier trends and give cross-

sectional exposures that permit reconstruction of the earlier events.

Environments favorable for uranium accumulation

Uranium deposits and occurrences are widespread‘in the Marysvale volecanic
field. These ﬁypically are associated with Miocene or younger rhyolites which
form the silicic end member of’thelbimodal basa;t—rhyolite éssociation erupted
in later Cenozoic time concurrent with regional Baéin—Range tectbniéﬁ. This
bimodal association is younger than the Oligocene—early Miocene calc-alkaline
voicanic rocks.in the Marysvale volcanic fiel&%%hiéh include ﬁhe Delano Pegk
Tuff.Member., Thé most voluminous bimodal :hyolite unit-in the Tushar Mountain
area is the~MbuntfBélknap;Volcanics. ‘In: part the uranium is in epigenetic
veiné, as in the Central mining area north of Marysvale (Cunningham and
Steven, 1979b), apd in part the uranium occurs dispersed through the rocks or
has been leached from the rocks and'eithe; redeposited elsewhere or moved in
solution into the hydfblogic regime (éunningham and Steven, 1979%9a3). No
evidence was seen for‘eﬁigenetiC‘uranium occurrences in the-Big John caldera,
but two environments in which femobilized rock-uranium may have been deposited
have been recognized.

The stream gfavelg and sands tha: accumulated in ﬁhe lower part of the
Big John caldera before eruption of the Mount Belknap Volcanics would seem to
represent an excellent potential host for sandstone-type uranium deposits.
‘The‘sediﬁentS»were.originally-relatively permeable and although now somewhat
indurated,. they still are more permeable than.most of tﬁe»surrounding volcanic
rocks. They were covered by uranium—-rich ash-flow tuffs of the Mount Belknap

Volcanies, which is the chief unit associated with uranium deposits in the



vMarysvale volcanic field. Some of these tuffs within the Big John caldera
have been diagenetically alteréd to zeolite and clay aﬁd the contained uranium
has been partly‘relgased from the original g;assy ash. Delayed neutron
activation‘analysesrof glassy:and'devitrified~Joe3Lott Tuff'sampleS-indicate
that original uranium~content5‘were in-the‘range of 12-18 ppm. Samples of
‘zeolitized,Joe Lott Tuff within the Big'iohn'caldera.confain only 5.4-8.3 ppm
uranium, suggestiﬁgvthat about half the original uranium hasvbeen~lost to the
hydrologic regime. In addition, even the more welded rock is completely
devitrified so that'the uranium'original1y dispersed through the magma has
been moved to discrete crystalline residences where it is susceptible to
ground wéter 1ea§hing‘(Zielinski, 1978) .

The stream sédiments-are expoéed'in two general areas (fig. 1): one km
southwést of Puffer Lake, asséction at least 15 ﬁ thick underlies the Joe Lott
Tuff Member in stream cuts aloﬁg Lake Stream and along'néarby Highway 153; and
neér‘Three Creek Reservoir, 4 km farther Qouﬁhwest, a similar thickness
. underlies the Joe Lott along the same streém~and highway. In neither locality
is.the:base~of the stream—-sediment unit exposed. The area between these two
occurrences is completely covered b& Joe Lott Tuff Member, as are all adjacent
areas within the southern part Qf the Big John caldera. Of especial interest,
theisandstoneS-and'conglomerates near Puffer Lake are thoroughly oxidized and
tyﬁically are stained b;ight red by hematite. The oécurrence near Three Creek
Reservoir, which is downstreaﬁ in the ofiginal drainage sysgém near the outlet
of the Big John'bésin, is dull brown in color and shows little evidence of
alteration other than normal compaction. An oxidation-reduction front could
readily exist in the<covered.aréa between these occﬁrrences.‘ In a uranium—-
rich province such as this, such a front could have uranium deposits

- agsociated with it.



Adverse evideﬁce, however, comes from a reconnaissance helium survey made
by G. M. Reimer;iﬁ Octoﬁer*l979 (Reimér; 1979). Measurements of solil gas made
along Highway 153 between the two exposures of the stream sediments féiled to
detect significant'helium~concen;rations. In addition, preliminary
measurements<of'ﬁhermoluminescencé of samples of the oxidized rock from the
eastern area of exposure did not give any positive~indication-that a uranium—
bearing redox roll-front had passéd through Ehese rocks (C. S.rSpirékis, U.S.
Geological Survey, oral commun., 1979).. Severél alternative explanations can
be postulated for the results from both of these techﬁiques, and neither
should be considered as definitely negative at the time. Research is
continuing in Both fields.. |

Thevoutiet‘channel that led southward from the Big John caldera provides
another potential enviroument for precipitating uranium from ground water.
Except for the first.few~kilome:ers outside ;he Big John caldera, the early
pqstcaldera‘stream sediments, as well as the overlying ash-flow tuffs of' the
Mount. Belknap Volcanics, were largely stripped from this channel before the
younger-basaltffIOWS'andvrelated mafic-gravels were deposited. Two
circums tances bearing on the potential for uranium occurrences can be
envisaged: (1) If the gravels—forﬁed penecontemporaneous alluvial aprons
around erupting basalt volcanoes, groﬁnd water from the caldera. area could
still have drained southward through the‘gravel £111 in the channel until the
whole surface and subéurface water-flow pattern was disrupted by Basgin-Range
tectonism in later Cenozoic time. The mafic gravels ;hat'back-filled.the
channel thus may have»sérved as é semiconfined aquifer at least 10 km lomng in
which oxidation—reduction‘réactions could have taken place, perhapé with
attendant precipitation of uranium. (2) On the other hand, if the gravels

were derived from a block-faulted terrain caused by concurrent Basin-Range

10



'deforﬁation and basaltic volcanism, the ground—wﬁter"drainage pattern could
have- been highly disrupted, and might as well have been éoward rather than
away from the uranium-bearing source areé to the north. 1In this circumstance,
the potential for uranium deposits in the filled channel would be low. More
field Studies:shduld be c§nducted'to decéfmine~which,of these alternatives is

the more likely.
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DESCRIPTION OF MAP UNITS

Q1 MOSTLY LANDSLIDE DEBRIS (QUATERNARY)--Some alluvial and (or) glacial
deposits.
Tbas .= VESICULAR TO APHANITIC DARK~GRAY TO BLACK BASALT (MIOCENE)=--Mostly in

low-volume lava flows 1-6 m thick and of limited area. Locally
interlayered with unit Tmg

ng COAgSE'FAﬁGLOMERAIE'WITH CLASTS‘OF‘MAFIC LAVAS (MIOCENE)==An
estimated 90 percent of the clasts are from unit Thbas; 10 percent
or less are from unit Tomf

Tm MOUNT BELKNAP VOLCANICS, UNDIVIDED (MIOCE&E)—-Within the source Mount
Belknap caldera, the-:ocksléonsist of alternating thick units of
densely yelded ash-flow tuff and rhyolite lava flows. Outside
the caldera, most of’fhe rocké'are differentially welded ash-flow
tuffs with thé'Joe Lott Tuff Member greatly predominating

Ts FLUVIATILE SEDIMENTARY ROCKs; LARGELY SANDSTONES AND CONGLOMERATES
(MIOCENE)—-Filis the lower part of the Big John caldera near its
" southern margin: | _

Tonf BASALT:OR BASALTIC ANDESITE tAVA FLOWS FORMING AN ERODED LAVA PLATEAU
UNDER CIRCLEVILLE MOUNTAIN (MIOCENE)--The rock is a coarse
porphyry»with 10-15 percent'prominént phenocrysts of pyroxene and
about l'percent’phenocrfsts of plagioclase in an aphanitic to
vesicular matrix. Contains 2-3 percent potassium

Tomi - Dike feeders:
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‘Td | MOUNT DUTTON FORMATION, UNDiVIDED (MIOCENE AND OLIGOCENE)--Hostly
fine grained dark gray'porphyrieé with small pyroxgne»and
plagioclasevphenocryétS“in:a finely granulér matrix

T1j | FORMATION OF'LOUSY‘JIM (SIGMUND, 1979) (MIOCENE)=-=Quartz latite

| ~pofphyry'lava fl&ws and voicanic:domes. Contains conspicuous (1
cﬁ) phenbcrysts of éani@ine~and andesine together with smaller
phenocrys;s of hornblende, clinopyroxene, biotite, and Fe-Ti
oxides,in‘an‘aphanitic groundmass

BULLION 9ANYQN~VOLCANICS

Thu Upper part,. undivided (Miocene)—éLargely fine grained dark gray
lava\flows of_intermediatercomposigion containing small
. phenocrysts: of plagioélase and clinopyroxene. Contains a few
local, sméll—volume ash-flow tuffs of somewhat more silicic

compbsitioh

~

Thd | Delano Peak Tuff Mémber'(ﬁiocene)--Densely welded crystal-rich
quartz-latitevash-flow tuff containing phenocrysts of plagioclase
‘ (32 percent), hornblende (9 percent), biotite (4 percent), and
Fe=T1 oxide minerals (4 percent)
Tb o Middle:and lower part, un&ivided (Midcene and Oligocene)--Largely
(porphyritic intermediate~composition lava flows and mud-flow
brecciaég Includes the: 27 meye 0ld crystal-rich Three Creeks

- Tuff Member of the Bullion Canyon Volcanics near the middle, and

thin wedges of the 22 m.y. 0ld Osiris Tuff near the top
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Figure 2 - CORRELATION OF MAP UNITS
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FIG. 1| GEOLOGIC SKETCH MAP OF PART OF THE BIG JOHN CALDERA AND ADJACENT AREAS





