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ABSTRACT

. Round Mountain is a prohinent rhyolite dome of late
Tertiary age located in northwaestern Arizona. The dome has a
local relief of 268 =m and ia approxinate1y> 2.1 kmn in

diameter at its base.

NN

Round H0unta1n‘developed through both endogenous and

exogenous phases. Initial stages of dome development ’were

characterized by endogenous growth and the formation of

rhyolite breccia unita which conatitute approxinateiy 30-40 . .

percent of the total erupted rhyolite. Later volcanic
phases involved the eruption of 4 major rhyolite flows that
cap the dome. | |

The Round Mountain volcanic f‘ie‘,ld is atré;xgly bimodal,
coﬁaiating of high-K rhyolite and qlkali 611vihe basalt with
76.3 and 49.5 mean Sidz percenﬁagea reapecéively. The

rhyolites are compoaed of approximately 90 percent glaaa

with do-indnt phenocryatalline phasea of aanidine and .

high-temperature oligoclase.

oy

' Emplacement of Round Mountain is believed to have baen

initiated by the intruajion into -thé& .upper .crust of hot .

baaaltic magma that had migrated preferentially along major
cruatal fracture zones. - Rhyolite magma waa genarated by the
partial melting of a granitic crust and later elplacéd along

surficial fracture zones.
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INTRODUCTION

Round Mountain is a distinctive rhyolitic  dome
positioned on £he Colorado Pla{eau in norﬁhweatern Arizona,
It 15'1ocated approximately 100 km weat of Flaggtaff and 19
km noréheaat of‘Seiignan, Arizona. Round Hountaih rises ;o a
ﬁaxi-un elevation'of 2163 = above aaa 1eve1’and haa a l;cal
re11e£’o£ 268 metera. : ’ ..7 g

Thé atrongiy.binodal Round Mountain ‘volcanic field,
containing high-K rhyolites and alkali olivine basglta, has
received no previous 1nveatigé£1ve ,atténtion. fhe Mount
Floyd volcanic field in-ediately’ aouth of Round Nountain,
haa been intenaively atudied by Nealey <(198Q).
Potassium-argon data from the volcahics in the northern
sector of the Mount Floyd field Andicaté an age of 2.7 +/-
0.7 m.Y. (Nealey, 1940). Based on vplcanic atratigraphy,

the Round Mountain volcanica are considered to be more

recent.

PURPOSE OF STUDY

The purpose of thia study waa to 4nvoagigate the
gqology of—Round Mountain. More apecifically, thia reaearch
waa aimed at providing a datailed deacription of the
volcanic morphology and processea which were involved in the

&

formation of Round MNountain. This was accomplished by
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developing & geologic map of the study aréu in conjunction
with petrographic examination and geochemicel analyaia of
volcanic rock samples 'collected during the mapping. An
additional aapect of this atudy involved the inveatigation
of planetary analoga of Round Mountain t6 correlsete posaible
origina of aimilar norpholdgic features of martian and lunar

The preparation of’the geologicklap (plate 1) involved
field\iapping of approxinétely 21 kiz on an enlarged 1973
USGS Mount Floyd 7;5’ topographid'quadrangle. Contacts of
the volcanic unita vere verified uaing 1972 USGS aerial
photographs GS-VCZV 1-116, 1-118, and 1-127.

Petrographic thin aectipns of 43 volcanic rock samples
of the atudy area were prepared and examined. Modal
analysea and petrographic deﬁcriptio;a>were performed, the
reaults of which are pfesenteﬁ in appendicesa Bvand C.

Geochemical data of 24 samplea from the atﬁdy area were
collected using whole rock x-ray fluorescence methods. The
analyaesa yield;d both the major &nd irece element data,

given in appendiceas D and E.
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REGIONAL SETTING
STRUCTURE

Northwestern Arizona 1is a part of the southwestern

portion of tha Colorado Plateau phygiégraphic province.

Thia section of the Colorado Plateau 1is conaidered to beh

compoaad of iarge atructurgl blocka or regiona whosae
boundaries aré delineated by north;northea;t and northweat‘
trending faulte (Lucchitta, 1974). fhese Atructufal blocka
have a low angle of dip tﬁ the northeaat.

The major ngrth-northeast trending fault systems of
northweatern Arizona are, from eaat to west: the Oak Creek
Canyon ayatem; the Maasa Butte dyatenm; tbe Bright Aﬁgel
ayaten§ and the Sinyala -ayaten &(Figure 1>. The major
northweat trending fgult ayatema are, from north to aouth:
the Mormon Ridges ayatem; the Kaibab ayatem; the Cataract
Creek aysateaenm; and the Chino Val}ey ayaten. Theae fault’
ayatemns axtendﬁ £$¥ tena  to h;nd;adetof 'kilometera with
displacemantas which f&nge‘ from hQndrada to thouaands of
metera (Lucchitta, 1974). Moat of the faulta are high angle
dip alip with theié downthrown sidesa to the weat (Figure 2).

The Round Mountain, Trinity Mountain, an4 Howard Hill
volcanic complaxas lie along the aocuthern projection of iha

Bright Angel fault aystem, with the Mount Floyd volcanic

center lying diractly on the fault trace as shown in figure
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1. Theae three volcanic centera are bounded to the north and
aouth by the;Cataract Creek and Chino Valley fault ayatemsa.
Locationa of many other volcanic centera located near

the map area alao correlate with major fault ayatema. The

Canozoic volcanic centera of : Bill Williama MNountain,

- Sitgreaves Hountain;‘Kendrick Peak, Slate Mountain, MNeaa

Bufte, Shadow Mountain, Tuba Butte, and Wildcat Peak all 1lie
on, or along projections of, the Meaa Butte fault’syaten.

In northwestern Arizona, the Colorado Plateaﬁ Province
and the Baain and Range Province thch adjoina 1£ to the
aouth haQe diatinctive éttuctural, geophysical, volcanic,
cruatal, and phyaiographic propertiea which diatinguiah
then. The width of the physiog;aphié boundary between‘theae
two provincea variea, but ia génetally about 10 kilometera
in northweatern Arizona. By contraat the gaeophyaical
boundary in thia region places conatrainta which limit the
width to abpfoximately 80 kilometera (Shuey et al, 1973).
Lucchitté (1974) concluded that the paralleliam of certain
atructural faeaturas uhich cro-a‘thé boundary betﬁeen the
Colorado Plateau and the Bamin and Range in northweatern
Arizona could only be the resault o;~'co-non -tres;‘ fields
baing applied to b&th provincea, The fact that the
atructural deformation regimea batweean the provincea ia
different ia & function of the crusatal propertiea, Qith ‘the
Colorado Plateau having a more competent and thick cruat.

Tha Colorado Plateau in this region ia characterized by



a 37-42 kilometer ~thick crusé. There areae numercus
aoutheuaﬁ-northweut‘trending monoclines whose steep limbs
dip to the northeast. Volcaniam on the Plateau in this
region is Plio-Pleistocene and ‘nid-Tartiary» wiﬁh afuptive
locationa that are closely aasociated with zZonea of waakneaa
in the lower cruat (E@atuood, 1974). Although the iaclatiocn

of volcanism may be in part controlled by lower cruatal or

‘upper mantle irregularitiea, it ia the upper cruatal

properties and weakneas 2Zcnes ‘uhich " delimit the locéﬁiona‘

and atyle of these faulta. Theae upper crusatal faults nay

modify the final location of the volcanic centera.

REGIONAL GEOPHYSICS‘

The geophysical asignatures of the Colorado Plateau and
the Basin and Range are narkedly different. Basin and Range
cruatal thickneas ia generalli conaidered to be in the order
of 30 kilomasteras in contraat to that of the Colorado Plateau
which.everagea bcﬁﬁeen 37-42 kildietera ‘(Keller et al.,
1979). Baaed on saeismic data, Julian (1970) proposed that
under the Baain and Bange the low v;Iocity 20pe in the upper
mantle ia thick and ahallow, ;nv contraat ;o the Colorado
Plateau where it is much deeper and not aa well developed.
This correlatea wall with the relatively high h;at flow
valuea, ranging from 1 to 3 heat flow unita, which are

characterisetic of the Basin and Range (Roy and others,

[0 T Y U T T YA T TN W T T T W WS S W W O S AR IR R



1968);

Regional Bouguer gravity maps which span the Colcrado
Plateau -~ Basasin and Range phyeiographic boundary ahow a
defipite change 1in gravity s;énaturea. There ia a decreaae
from the higher-vvaluca obaerved in the Basin and Range to
the ;élatively low values in the Plateau region. |

Aeromagnetic data show an unouuloua gradient across the
boundary betweeh the two provinces wiﬁh‘loua over the Baain
and Range to the high aeen on the Colorado Plateau (Shuey et
al, 1973). Reaidual aeromagnetic ;aps (Figure 3) cﬁnpiled by

Sauck and Sumner (1971) and modified by Lucchitta (1974)

 exhibit minor correlation with the inferred locaticna of

anceastral fault syatema and their projections in northwest
Arizona. The Round Mountain, Mount Floyd, and Trinity
Mountain volcanic centera are ‘loéatéd in an area yielding
residual magnetic intenaity valuea of less than O gammas.
Northweatern Arizona can be conaidered to be an area of
active aeiamicity. Figure 4 (Lucchitta, 1974) ahows the
plots of 26 recorded earthquakea ’iﬁ the¥area in thé period
from 1938 to 1973 and their relationahip to the major fault
syatema of the region. Bf izﬁluding the inferred
projections of these fault syatema, there im &solid ovidencq

that these fault syatems are currently active.

STRATIGRAPHY
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The stratigraphic column for northweat to north-central
Arizona is shown 1in figure 5. The rocka cblpoaing the
Precambrian baaement conaiat of the Vishnu Group, which are
mostly aschiats and wminor alphlboliteﬁ, the Baas Doionitg,
Hakatai Shale, Sh{nu-o dugrtzite, and the quASandatone. The
Precambrian 'baaelént rocka are overlain by essenﬁially
horizonéal Paleézoic _ sed1n¢ntary unita -~ of aandsatone,
linéétdne;‘dblonite, and shale from various eolian, ahallow
marine, lacuatrine, and fluvial environmenta (Mckee, - 1974).
In the Chiné Valley region immediately to the south of the
Round Mountain and Mount Floyd volcanic complexea, thae Chino
Valley Formation, a aandatone and dolomitic 1limeatone,
overiiea‘ the Tapeats Sandatone (Hereford, 1975). The Chino
Valley Formation ia not present _1n  the atratigraphic
sequence in the Grand Canyon area. !Overlying the Paleozoic
rocks ia the KoenkopijFornation of Triamaic age. This |is
predopinangely a red gilty sandatone and is not seen in ﬁhe

I4

Grand Canyon stratigraphic asection further to the north.

v

In some areas of northwest ‘to north-central Arizona,

Cenozoic gravela, of aarly to middle Tertiary age, overlie

-
the Mesozoic and Palaozoic aedimentary formations. Thesae
gravelsa conaist of revorked Mesozoic  and Paleozoic

asedimenta, along with a @eignificant contribution from
cryatalline rocka of di-putablevorigin (Young, 1982). It {ia
generally acceptad howaver that these gravels wvera depoaited

~

acrosa the western Coconino Plateau and along the Mogollon

BEEEEEEEEE R
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Rim from sources to the south during early to middle

.Tartiary (Young, 1982).

Canozoic volcanics ovorlie‘the Tertiary gravelsa and the
Masozoic and Paiaozoic gédiuentu throughout many perta of
northuedt and north-central Arizona. Th; obeerved aurficial
volcanica are mainly basaltic flowe, with aome aaaociated
intermediate to . ailicic volcanic centers of dacite,

andeaita, and rhyoliﬁe. Theae volcaenica  are of Laramide,

- middle Tertiary, and Plio-Pleiatocene age (Eaatwood, 1974).

VOLCANICS | .‘ ,

The southwestern United States was volcanically active
during three distinctive periods from late Mesozoic through
the . Cenozoic. Damon (1971) haa determined the tewmporal

distributiona for the magmatic acti?ity from radiometric

data. The firat episode ia of Laramide age atarting 80

m.y. ago and continuing for about 35 m.y.; the eecond
epiasode ~ waea nid-Tertiéry in age and‘ranged from 40 to 10
m.y. ago, while the third major eruptive epimode occured in
the ;aet 10 m.y., and 1ia dominantely Plio-Pleistocene
(Damon, 1971; Eaatwood , 1974).

The late Cenozoic igneous suites of the southwestern
United Statea are predominantely basaltic in nature: These

lavaa were erupted either aa basaltic fielda, alkalic

igneous series derived from alkalli basalt, or as bimodal

R I T N
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amssemblages cﬁnaisting of baaalt and aillca*:ich rhyolite
(Chriatiénaen and Lipman, i972). Alaong the southern margin
of the Colorado Plateau, Eastwood (1974) claesified the
mid-Tertiary volcaniam as mainly calc-alkalic with alkaline
affinitiea. Béaed on petrographic and geochemical data, the
volcahic rocka of Plio-Pleiatocene age along the aouthern
Coloradé Plateau are predominantely alkaline Qith evidence
for a aubalka;ine affinity (Eaastwood, 1974).

. ® .
These late Cenozoic volcanics &are believed to have

3

derived by partial melting from a broad depth interval of
the mantle and .have begn modifiaed by cryatal fractionation
of olivine, plagioclame, and . clinopyroxene during their
ascent to the aurface (Beat and Brimhall, 1974). Dﬁmon
(1971) commented that the mid;Tertia:y and Plio-Pleiastocene
magmas had fundamentally different acurce regionas. Baaed on
data fronm Ladéhlin and othera (19;2) and Leeman (1974), the
atrontium 87/86 ratioa for mid-Tertiary volcanic rockas are
higher relative to those of Plio~-Pleiatocene age. Thia may
reflect a aubastantial degree of c¢rustal contamination for
tha rocks of mid-Tertiary age, with little to no
contumihution of the Plio'P;eiatocene volcanicse (Eastwood,
1974; Leeman, 1974).

The San Francisco volcanic field borders the Round
Mountain and Mount Floyd volcanic conplexe; to the east.

Situated on the aocuthern edge of the Colorado Plateau, the

San Francisco volcanic field ia of late Tertiary, and
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Quaternary age (Moore and othera,“1976). Rocka of the San
Francisaco complex have been dated by Damon and Leventhal
(1574), and Smilay (1938), and show agea .ranging from 10

m.y. to 1000 yeara. The San Franciaco volcanic field haa

.an. areal extent of more than 5,000 aquare kiioneters. It {ia

compoaed of numerouas baasaltie, intermediate, and ailicic
volcanic centeras which are genetically related (Moore and

othera;, 1976).

Based on geochenicalkdnd patrdgraphic data, the basic

volcanic rocka of the San Francisco field are considerad to

be alkaline (Hunt,  1956; Eaatwood, 1974; Moore and others,
1976) and the chemically 1nterged1ate volcanic rocka are

found to have a . subalkaline affinity (Wenrich-Verbeek and

‘Thornton, 1974). Alkali-clivine baaalt ia by far the most

voluminbus rock type in the volcanic field. The San
Francisco volcanic field contains alkali-olivine baaalts,
high-alumina alkali bagmalta, andeaites, dacitesa,
rhybd#cites, uhd rhyolites (Hunt, 1956; Hoore,’1973: ‘Hoora
and othera, 1974; 1978).

Based on Sr 87/86 ratios, the San Francisco volcanics
show that they are mantle-derived with only minor cruatal
contaminotion (Moore et al., 19745 . By examining the
geochemical data (Noore et al., 1974> obtained from the

volcanic rocks of the northern and eastern areas of the San

Franciaco field, a full differentiation ameries from basalt

to rhyolite haas been demonastrated.
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The Mount Floyd vdlcanic fieldkadjoining Round Mountain
to tha s&south ia considerad to be bimodal, with the
occurrence of alkalicrbaaalta and calc-alkalic rhyodacitea
(Nealey, 1580). The age of the Hbunt Flofd‘ volcanisﬁ haa
beenrdeterpined, by potaaaiuu—afgon data, to be 2.7 +/~ 0.7

n.y. (Nealey, 1980). The volcanic complex is composed of

'basaltic and silicic lava flowa, domes, cinder conesa, and

various pyroclaatic depoaitas (Nealey, 1980). The location of

the volcanic centera in the Mount Floyd field appeara to be

in part controlled by the Bright Angel and Chino Valley

fault aystema.
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BASALTS OF THE ROUND HOUNTAIN'VOLCANIC FIELD

‘General Statemant

The basaltic rocks within and surrounding the Round
Mountain volcanic field have been classified in this study
on the baais of color,‘ texture, mineralogy, geochemiatry,

and location of their source vents. They were categorized

" into map units and given informal names by the author. In

the following sectiona each baaaltic' nap‘ unit ia briefly

deacribed both macro and microascopically. A more detailed

petrographic deacription of specific mineral characteristics

is given in Appendix C. Plagioclaae compositiona were

determined either by the Michel-Levy atatiatical method

(Heinrich, 1965 or the Microlite method (Heinrich, 19695).
Dlivine COmpoeitlons were deternined by optic a&igns and
variation in 2V anglea (Poldervaart, 1950). The modal
analyses for 13 thin sections of the basalt units are

presented in Appendix B.
WILLIAMS BASALT (Twb)}
Field Deacription

This basalt is light to medium gray on a fresh surface
and dark reddish-black on weathered surfacea. A weathering
rind approximately 35 mm thick is couionly preaent. Viaible
phenocrysata of olivine (1-3 mm) and quartz xaenocrysts art

common. Gas veaicles ranging in aize from 1 to 10 mm may
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occupy up to ‘SO peiccnt of any exposed surface. This unit
forma high profile dikea which comamonly radiate from a
cantral vant. Such dikea area generally masaive and blocky
but may exhibit asome degree of foliation due §rauunably to

pulae emplacement.

Petrogruphic Textures

The Williams basalt 1is holocrystalline and contains

approximately 60 percent phenocrysta of plagioclase (Ansg),
clinopyroxene (augite), - olivine (Fo75_ga), and minor
‘opagques. Xenocrysts of quartz are present and have
clinopyroxene reaction rima. Plagioclase microlitea are

aubparallel resulting in a pilotaxitic fabric. Plagioclaae

» generdlly showa a aubophitic relationahip with clinopyroxene

bﬁt may alaso form glomeroporphyritic clota. Alteration 1ia
alight with only  =minor ‘'olivine alteration to produce

iddingaite and iron ataining.
JOSEP BASALT (Tjb)
Field Description

Macroscopically this basalt is dark gray-black on a
weathered surface and amooth 1nvappearunce. .0n a fraah
aurface it ia aeen to contain approximately 2 percent of
phenocryasta of olivine (1-2 =am) that are altered to
1dd1ng-1te. In hand speéinen tha Josep basalt is very fine
grained and generally showa no veaiclea. Minor xenocryata

of quartz are present which have a viaible reaction rind.

- 1A -
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‘Spheroidal weathering is common near the source vent. This

unit forme-low profile flowa and dikaes. At flow fronts this

‘baaalt often exhibits a texture produced by the

incorporation of basaltlc7£ragnenta~(£iguro 6).

Petrographic Taxtures

]

Microscopically the Josep basalt is holocrystalline
with approximately 20 percent phenocrysts of olivine (Fog7)
and clinopyroxene (augite 7). The microlites of plagioclase

€Ans50) which form the  groundmass have a pilotaxitic fabric

‘"indicative of flow. Trace amounts of quartz xenocryate are

present commonly with a rimming of clinopyroxene. Tracae of
secondary calcite occur within irregular voids.
Clinopyroxene may appear as radiating clusters and commonly
-contains opaques. Plagioclaase and clinopyroxene are

subophitic and are occasionally embayed by groundmasa.
VERNON BASALT (Tvb)

Field Deacription

This dark gray, very fine grained basalt fbrne low
profile domes and flows. Very few gas vesicles are present
in the matrix in hand specimen. Phenocrysts of olivine are
rarely vigible and are alightly altered. Thia unit may
exhibit amall scale flow foliation but is otherwise blocky
in atructure. It is generally fresh in uppaaranceA with an

occaaional weathering rind about 2 mm thick.
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ffhél Qérnth'»b5561t is holocryatalline containing

vapproxinately 20 percent phenocrysta of plagioclase (Ansg),

%golivine ,(Fo75},.jqnd'An1nor‘ clinopyroxene (augite). The

groundnaaa - of kplagioclaaa, clinopyroxene,‘ and opaqueﬁ

'exhibita‘wa slight pilotaxitic fabric. 'There ia a minor

concentration of opaquea in. areaa uith a lore well developed

; pilotaxitic fabric. j-The' 1ntergranu1ar 'upacea betwean

plagioclase 1atha in the ground-usa are occupied by discrete

<

‘”cryatals of clinopyroxene and oliving,f Ophitic opaquesa and

clinopyroxene are preaent in the corroded cores of
plagioclamse. Plagioclase and clinopyroxene are generally

subophitic.

 FIELD DAM BASALT (T£db)

F;eld'Deacription

'This vary fine grained basalt is light gray on
weathered surfaces and medium gray on fresh surfacea. Minor
amounts of olivine phendcryata arevviaibie (about 1 =mm in
diameter). Thia unit may exhibit a maaaiQé, blocky, platey,
or apheroidal‘appearahce. The platey basalt ia localized
near the vent and ias preaumed to be a product of cyclical
effuasion of magma. Thia baasalt generally fornq low profile

flows with an occaaional high atanding reaistant ridge.

Petrographic Texturae
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Microascopically this baasalt i2 holocrystalline with

‘approximately 10 porcont'olivlna (Fogs? and clinopyroxene

(augite) phenocryats. The groundmaas conaista of microlitie
plagioclase (Ansg), clinopyroxene, olivine, and obaquea.
The microlitic plagioclase latha exhibit a moderately well
developed pilotaxitic fabric. Groundmasa plagioclaae latha
form an intergranular textﬁre with clindéyto#ena and
olivine. Opaque cryatala are commonly aubophitic with
ﬁlivine. Phenocryesta of olivine may show embayment along

open fracturea by groundmasas.
BASALTIC FLOWS (undifferentiated) (Tbf)

Field Deacription

Macroacopically this basalt variee from light gray to

black on weathered surfaces. Frequently there exists a buff

colored weatharing rind with a thickngsa of 3 mnm.
Phenocryata of é viaible aiza are not present. This denaa
andvreaistant basalt forpa linear high atanding dikea with
associated minor flowsa. It may exhibit a alight flow

layering which produces a slight platey regolith character.
Petrographic Texture

Basalt of this group is holocrystalline with S to 20
percent phenocrystas of plagioclase (Ans0)). clinopyroxene
(augite ?7), and minor c¢livine. The groundmaas conaiata of

plagioclase, clinopyroxene, olivine, and opagques vhich

typically form a well developed pilotaxitic fabric (figure
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7). Calcite is present as anhedral growths within veaicles.
An intergranular taxturt ia eaxhibited between groundmasa

crystals of plagioclase, clinopyroxene, and olivine. Opaque

crystals occasionally occur in ophitic association with

corroded plagioclase phenocrysta.
BISHOP PLACE BASALT (Tbpb)
Field Deacription

Thie ba#ui£ is brickffﬁd und contains numerous small
gas veaicles less than’l nnyin’diuneter. The color is due
to a high dagree of alteration producing iron ataining.
Viaible unalteredvbasaltic stringera approximateaely 2 mm wide
and 10 mm in length are common. This unit forma a low
profile flow which exhibitas a clinker-like texture. It
erodes rapidly and contains large weathered vuga,

Petrographic data ias not available for this unit.
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ffeldspar (asaanidine ?) and quartz crystals are numerous.

Parlitic fracturing of the matrix is minor.

Andrus Rhyolite (Tar)

This rhyolite is hypocrystalline wwith 3 to 20 pjrcent
phenocrysts of aanidine, -plagioclase (An24), and minor

quartz, biotite, opaquaa, and clinopyroxene. Gasa veasiclas

commonly contain asecondary quartz cryatallization. A

pllotaxitic ‘sanidine ‘microlite - texture is frequently

present.  Glomeroporphyritic clots of plagioclase, sanidina, -
and quartz are preaent. Embayment of sanidine phenocryata:

by matrix ias rare.

Buff Rhyolite (Tbr)

This unit is a hypocrysastalline rhyolite containing 8 to
15 percant phenocrysasts of plagioclase (An24), sanidina, and
quartz set in a glass matrix. Perlitic fracturing is common

along with a well-developed flow banding of the nmatrix.

- Glomeroporphyritic clotsa of plagioclaae and eanidine

phenocrysts exhibit a subophitic relationahip. Gasa veaicles

are occasionally numerouas and elongate in fora.
Maasaive Gray Rhyolite (Tmgr)

This unit is essentially equivalent to the Buff
rhyolite in mineral habit and fabric. Flow banding 1is not
well~developed. The occurrence of perlitic fracturing and

gas veaiclea ia rare. The matrix ia composed of 30 percent
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glasa and 70 percent cryptocrystalline feldaspar (sanidine ?)
and quartz.  Quartz occasionally forma atringerea and

diacrete glomeroporphyritic pods.
Gray Rhyolite (Tgr)

Thie hypocrystalline rhyolite is quite ‘similar in

texture and mineralogy to the Masaive gray rhyolite.

:Exceptiona  which distinguish these -"unite include fewer

phenocrysats in the Gray rhyolite which are surrounded by

cryptocryatalline faldspar and quartz. : Flow banding of the

‘matrix may or may not be preaent. Elongate gaa vesicles

commonly contain internally radiating -growtha of fiberoua
feldapar (7)) and quartz. Glomeroporphyritic clotsa of
plagioclaae and aanidine are preaent Qith minor biotite and

quartz.
Perlite (Tpl)

This description is applicable only to the obsidian
lenses within the Perlite unit. These lenaea are
holohyaline with minor flow banding and vein structures
containing cryptocryatulline feldapar, quartz, and opaquea.
Micro-apherulitea (<.1 mm) of quartz and feldgpur are
common. Pyroxene (7)) trichites radiating from opagque cores

are abundant.

Maasive Purple Rhyolite (Tmpr)

Thia unit is a predominantely holohyaline rhyolite with
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of volatiles (11.7 LOI)> and nu-eroua‘baéaltic 1ﬁc1uaione.
Tﬁcsevbasaltic 1nclua;ons Vlowar Athe total S1i02 content and
produée slight increases in Al203, FeO, Mg0O, and Can
percentagea; This ;anple plota uniquély on .all éﬁelicai
diagrama (figures 16, 19, 20, 21).

HAJor‘elé-ant chemical data were plotted on H&rker
variation diagramas (f}gure 165 to expresa the héaogeneity of
these rhyolites. The Qeight pgrcentage of Si02 variaes from
72.8 to 76.6 (LOI uncorrected) and 76.06 to 76.75 for

normalized reaults. Soda (Na20) and K20 range from 4.01 to

4.60 percent (LOI uncorrected), and 4.45 to 4.87 percent

(normalizad). Alumina (Al203) content for the rhyolites is

-also tightly grouped and ranges from 13.01 to 13.40 percent

(normalized).

These rocks have been clagsified as rhyolites (figure
17) based on normative color index (O0l+«Opx+Cpx+Mt+Il+Hm)
verausa normative plagioclaae compoaition . (100
An/ (An+Ab+5/3Ne)) plota (Irvine and Baragar, 1971). Chenmical
clasajification (figure 17) of theae rhyolitaa baaed on K20
and Sidz abundancee,.groupa them all aas high-K rhyolitea
(Barker, 1981)>. Plots of total alkaliea (Na20 + K20) and
5102 place theasae rhyélitea in the aubalkaline field.

Trace alement variation diagrama (figure 20) for theae

rhyolitea smhow them to be very similar in Cr, Sr, Ba, and Zr

abundancea. Based on the abundances of Rb, Y, and Nb the
rhyolite unita have diatinctive expreasions. Thesae

rhyolitea exhibit variation in Rb, Y, and Nb amounta ranging
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Figure 16 - Major chemical variation diagrams shoewing weight percent of Al203, FeO, MgQ,
Ca0, Naz0, K20, P20s, TiO2, and MnO plottecd against Si02. Basalts and rhyolites of the Round

Mountain volcanic fileld are plotted. - “i g
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color index and normative plagioclase composition (Williama basalt - Tub,
Josep basalt - T)b, Field Pam bamalt - Tfdb, Basalt flowa - Tbf). Plots are

in cation equivalents. (After Irvine and Baragar, 1971)
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‘from 210 to 360 ppm, 20 to 90 ppm, and 40 to 90 ppm

respectively. A‘noticeablo gap in the distribution of Rb

occufu between 250 to 330 PPR. Thia hiatus in data provides
a clear diastinction between the rhyélties sampled in ‘the
southern portion of the atudy area to tho#e of Round
Mountain itself. The amouthernmost rhyolites sampled have Rb
§a1Ue§ of 210 to 230 ppm while thoae of Round Mountain are

330 to 360 ppm. This aeparatiqn,of ﬁrace elaement abundances
with respect to sample location occura élgoﬂfbr-Y .and Nb
without a‘viaible break in the diatribution - of ~dat9,‘ The
southern rhyoliteas have Qaluea of 20 to-SO ppr and 40 to 60
ppm for Yynnd Nb reapectively. fhe rhyolitea of Round
Mountain have Y and Nb abundancea of SO to 90 ppm and 70 to
90 ppr geapectively.

The trace element analysea have provided’.data to
indicate that the geclogic map (plate 1) pfepared for  the
study area may hav; minor diacrepanciea. The geologié map
waas prepared on the baasia of field identificatisn and
expreasion of the volcanic unita,;along with major chggical
and peirographic information. Trace e;enent analyses of the
rhyolite unitas indicate that thé ﬁapped exposure 6f the
Andrus rhyolite‘(Tar) and Rhyolite b:eccia (Trb), to the
south of Rpund Mountain, may not be contiguoua wwith the
expoasurea of theae unite on Round Nountain. The Andrus
rhyolite mapped to the aouth of Round Mountain ia
equivalent, with respect to trace element abundances, to the

Vivian rhyolite (Tvr) unit. Conversely, . the Rhyolite




breccia'unitfin the southern itudy‘area is; not equivalent,
uith respect to trace element abundances, to the breccia

unit mapped on Round Mountain.

Bagalts

The basaltic rocks in and ;round the Round . Mountain
volcanic field exhibit a fair amount of variation 1in b;£h
major and tracé element abundances. It ahould be noted that
one’uanpleq'(ﬂ 29-6 Basalt Flows - undifferentiated), haa
anomalous trace element and some .na]or' element values
relative tc the reat of the basaltic suite of the area.
This sample ia virtually out of the atudy area however aad
exhibitasa no relationaship to any of the Round Mountain
volcanic events.

The rocks have been clasaified (figure 18) as bagalts
and borderline baasaltic andesités. based on total alkuliqs
and S102 abundances (Cox et al., 1984). These rocks plot in
the basaltic fléld based on Irvine and Baragar‘as (1971)
claaaification ayatén uaing normative color 1index and
normative plagioclase compoaition (figure 19). Ho¥e
apecifically, 8specimens (4-8, deb), ,(27-2,‘ Twb), and
(28-2,28-3, Tib) are baasalt with apecimen (27~4, Twb) being
a basaltic andesite. The claasification of sample (27-4) as

a ’'basaltic andesite ias believed to be cauaed by the

occurrence of quartz xenocrysta modifying the resulta of the.

chemical analysea. The inclusion of theae xenocryats wmay
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have increased the Si0> contént sufficiently to piace the
apecipén iﬁ the basaltic andeaite field.

| The S102 content in these baaalts r;ngaa from 47.02 to
52.49 percent (noihaiiZed). Excluding ;pccinan (29-6, Tbf),
the total alkall content for theae basalte fangé from 3.37
to 4.26 percent <(normalized). Ba;ed on HacDonald;a (1965)
claasificaiion (figurae 2la)  of alk;line and tholeiit§c
suites using Na20 + K20 versua S102 plota, theae baaalts are
alkaline with the exception of.specinén (27-4, Twb) lying in

the tholeiitic or subalkaline field. Claasiflcationjof_thg

‘bdsalta uaing Irvine and Baragar;e“A (1971) redefined

alkaline-subalkaline discrimination boundary, deaignates
only the aamplea (28*2, 28-3, 28~3) .of the Joaep basalt as
alkaiine, exclﬁdtng (29-6, Tbf). Baaed on AFM plota (figure
22) comparing the patterns of vugiation of tﬁoleiitic,
alkaline, ;nd calc~alkaline suites (Irvine and Bafugar,
1971, the basalta of Round Mountain Are interpreted as
having an alkaline trend. Thia cluasification is aubjective
however due to the inasufficiency of available data. There
ia u’\slight iron enrichment trend, but thia gaf be
consiastent with rocke of tholeiitic or alkaline suites.

The arguﬁent for an alkaline character of - the kJoeep
basalt samples (28-2, 28-3, 28-35) may be supported by the
Yode; and Tilley (1962) Di-Fo-Ne~Qz tetrahedral
classification ayatem. The Josep basalt sapecimensa lie in
the alkali olivine-basalt fie{d on the Ne saide of the

“critical plane of ailica underaaturation®, while the
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remaining basalts lie 1an the olivine tholeiite field. The
pregenée of norlative Ne in the three Joaep baadlt( aamples,
averaging 2.7 bpefcent, place& then into. the alkali
oliﬁine—basalt field by necea§1ty. Nepheline is nqﬁ present
in thin sectiona of these basaltas.

Traée.elenent variation diagrané (figuré 20) show these
bamaltas to generally be grouped uiﬁh other aampleas of the
same unit. More epecifiéally the Josep basmalt samples form
a fairly tight grouping, ;s db.theAwilliaha‘-bAaalt aanples
for moat tface élements, ~ with the ,ekception -o£' dr
abundances. It is uérth noting that the speciueﬁ '(29—6,
Tbf) exhibits h;gh Sr, Ba, and Z2r valuea of 830 ppnm, i200
ppm, and 210 ppm reapectively. Thia apecimen 3156 haa low
Cr abundancea of only 10 ppm. Thia enfichment in Sr and Ba
along with 1low Cr abundancea may be consiatent with é few
percent (<5) of fractional melting of a lherzolitic
(clinopyroxene, orthbpyroxene, olivine, and spinel) mantle

composition (Gast, 1968).
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EMPLACEMENT AND ERUPTIVE HISTORY OF ROUND MOUNTAIN

‘General Statemaent

The ‘Round Hoﬁntain volcanicffiéld cdnaists of various
rhyolite domea and flow unita along with basaltic domes,
flowa, dikea, and cinder conea (figure 23). Theae constructsa
are the producta of a complex volcanic history. Based on
£§eld ‘obaervationa, pgé;ographic ex&n%nationa, «and
geochemical data, a developmental model of 'the Qolcanic
compiex haa been conatructed.

The major rhyolitic dome of the volcariic field is Round
Mountain. Field evidence auggeatasa that Round Mountain
underwent both endogenous and exogenoﬁa phaaaa in 1ita
;evelopment. Initial periocda of deveiopment ware mainly
endogenocua and were followed by auccesaive exogenoua atages
vwhich modified the dome’a phys;ographic expreaaion.
,Obsefvation of the atratigraphy of the volcanic units
aasociated with the dome reveal information on which to base
a relative measure of the anohnta'of volcanic material
erupted during each phaase. The endogenoua phase expreased
in the field repreaenta approximately 30 to 40 percent of

the total rhyolite erupted, with the remaining 60 to 70

percent 0i' the rhyolitic volcanica being of exogenousa

nature.

The major phases of enplaceneﬁt of the Round Mountain

volcanic complex have been grouped into asix atages. 'These
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Figure 23 - Generalized map of the Round Mountain

ahowing the locationa of the volcanic constructs.
conatruct namea are informal and given by the author.
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stages represent the sequence of volcanic&developnent, Bsome
of whiqh may have been synchronocualy evolving eventa.
Stage 1

Initiation of volcanic activity requires the generation

of a driving heat socurce.  Thia setage involved the

emplacenent'of a bagaltic magma, acting as the heat saource,

into the upper crust (figure 24). The baaaltic intrueasion

used in thias model ia derived by partial melting of the

mantle. Beat and Brimhall (197&5 suggeat that aocurce

regiona for the late Cenozoic alkali basalta of the

Canyon region are from depths of 65 to 95 km. This estimate

isa based on the generation of alkali olivine basalt magmas

by incremental partial melting of a peridotite mantle at 20 x'

to 30 kb. The upper cruat, having a granitic composasition,

ia believed to be the most likely aite of emplacement for

the'aubsequent formation of A rhyoclitic magma.

Cru;tél structure in the Round Mountain region was a

~dominant control affecting the location of the initisl

basaltic emplacement. The two major phasea of atructural

adjustment in northern Arizona were (1) £from lateat

Cretaceous to late Eccene, and (2) from Miocene ta present
(Shoemaker et al., 1974). The later phase of adjuatment
involved large diasplacement normal faulting and thua led to

the development of major atructural blocka (figqure 1, 2)
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Figure 25 - (STAGE 2) Rhyolite formation by partial melting

intrusion.

Rhyolitic magma migrates preferentislly along fracture
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delineated by the fault syatéla. fhese fault systems are.
preaumed to extend to(conaidefable deptha in the crust and
are thusa largely reaponaible for controlling the aites of
bésaltic emplacement on a regional acule. | The sites of
volcanic centera .in northern and central Arizona (figure 1)
form lineaments parallel to theae fault ,ayatéma and are
believad ﬁo be cqntrolled by them (Eaastwood, 1974; Shoemaker

et al., 1974).

Stage 2

An upper cruat of‘granitic.composition is suggested as
the most 1likely s8ite of emplacement for the aubaequent
formation of a rhyolitic magm& (figure 235). Eichelberger and
Gooley (1977) asuggeated that since deep regions of the cruat
have high temperatures, it follows that they are moat likely
to yield aubatantial amounta of rhyclitic magma due to the
emplacement of a hot basaltic intruaion. However probléma
arise with causing amall aanhta»of rhyolitic magma to
migrate to the aurface without‘ a basaaltic hegt aource as a
driving mechaniam. Therefore due to the very esmall amount
of rhyolite erupted in the Round Mountain volcanic field,
the upéer cruat waa aelected aa the region for the
generation of the rhyolitic magma.

The contact of the basaltic magma with the granitic
host rock ia believed to have caused partial melting at

granite minimum temperaturea to yield the rhyolitic nagna;



Based on thermal calculations, partial neltingVof a granitic

crust due to the emplacement of a basaltic intrusion, is an

B

efficient proceas to genarate rhyolitic ‘-agna (Lachenbruch
et al., 1976). )

After a sufficient amount of rhyolitic magma was

.

generated, néguutlc nigration baegan preferentially along a

fracture or fault zone. Fault 2zones provide an 1infinite

-

pefmeability for a fluid medium relative to the aurrounding

v

country rock and thus would allow rapid upward migration of

the neﬁly generated rhyolitic magmna.

The bimodal nature of the Round Mountain volcanic field.

ia, in part, a consequence of fault or fracture zones being
present. Christianaen and Lipman (1972) have ahown that a
change f:pn intermediate to bimodal volcanism in the western
United Stateas ' correlatea well with the time when block
faulting began 1in the region. Thia reflecta the importance

that block faulting may have on controlling the petrologic

' character of volcanic events. More 5pec1f1cglly. it

indicatea that block faulting may greatly reduce any mixing

of basaltic and rhyolitic magmas by allowing a raepid upward

migration of thae rhyolitic magma. Thé short reaidence time

of the magmas at depth allowa for 1little nédification by
fractionation procéeaea. f

If nixing'of basaltic and rhyolitic magmas occurred, it
would reault in the formation of hybrid magmaa which would

lie along a linear mixing 1line between the basaltic and
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the aurface.

rhyolitic whole rock donpositidns (Eichelberger and Goolay,

1977). The deagree of hybridization depends on the reaidence

time of the two differing magmaa, the geometry of the

interface, and turbulance of the 1liquids (Yoder, 1973).

-

Mechanical mixing coupled with the intimate contact of a

basaltic 1liquid with a rhyolitic liépid,' resulta in the

formation of varioua petrographic textures such as crenulate

margina of basic maasea, and wisp-like baaic incluaiona.

contained within a ailicic matrix (Blake et al., 1965).

Neither the textures ralated to mixing, nor rocka of hybrid fy
compoaitiona are preaent in the Round MNountain volcanlcf

complex. Thia adda further sasupport to the hypotheaia that
fault or fracture zoneas controlled the location and rate of

upward migration of the rhyolitic magma.

Stage 3

The upward migration of rhyoli;ic magma aldng a fgult
zone continued (figure 26) and ultimately the magma breached

The initial. eruptive event conaiated of a

pumiceocous flow (tuff) unit. The tdtal areai extent and
thickneas of this basal unit are not apecifically known, dueu

to the blanketing of this unit by latter 'eruptive events.

‘Bamed on field obaservationa, this pumiceous flow (tuff) unit

haa a maximum estimated thiéknees of 15 metera. Thia flow

unit {a obaserved only 4in the aouth aector of the Round

Mountain volcanic complex. The unit extenda a minimum of

- K2 -



2.4 km to the south of its presumed source vent. This

biaaed aéuthward flow direction impliea eruption from an
qaynmétric vent, or an 1ndicatioﬁ for a aouthward aioping
£qpbgraphy of the surroundihga_at the time 6£ eruption.

: Chemically thia pumiceous flow ‘15«rhyolite but it haa
bgen deaignated as a pumiceous flow rhyolite (tuff) baased on
ite texture. This unit containa aome glaaan aharda
indicative opry:oclastic a;tivity, The highly deQ;tgifigd
.matrix of ﬁhié unit containa néﬁy subangular fragnéhta of
pumice, glasas, and linqr basalt. Thé basaltic incluaiona
are thought to have been accidentally incorporated into the
flow as it apread laterally over the surrounding plain. The
basaltic fragmenta, along with a few rounded inclusasionas of
varioué lithologiea, may have been Tertiary gravela lying on
the aurface at the time of eruption. Such gravels were
depoaited on the Coconino Plateau from sources to the saouth

in early to niddlg Tertiary (Young, 1982},

This pumiceous flow rhyolite (tuff) 1isa aimilar to an

initial perforation breccia as described by Parsona (1969)
based on the angﬁlar to  aubangular texture of incluaions.
Howe&er this unit hasa been deaignated aas a rhyplite flow
(tuff) based on the presence of some flow features exhibited
by the unit that are not present in perforation brecciaa.

' The abundance of‘phnice fragments and the;light density
éfy t£e frothy glaaas matrix infere that the magma came 1in

contact with water during eruption. The contact waa mosat
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(STAGE 3)

laden sedimentary rocks.

Continued
rhyolitic magma breaching the surface.
are pumicecue du= to the cantact of”

upward

migration of
Initial

magma  with water

flows

endogenocus
the extruding magme and
measive unit. ‘

intimate contact

Figure 27 - (STAGE 4) Major growth exhibiting typical
dome development,

betwean

the crumble breccia produce a
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likely made as the rhyolitic magma perforated the water

charged aedimentary atrata of the Plateau. This would lead

to the formation of pumice, glasa, and possibly éome
pyroclaatic activity which would have contributed,»tephra

(Paraons, 1969).
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Stage 4

This stage of dome development involved both early and
1§te ;ruptive phaqeé. 'The~ex1§tehce' of tbo separ;yeffbutv
related phasea ia reflected by both trace'e;eneht &ata ;nd'5
fiéld observationg.'

Exaninaﬁion of the trace ‘element abundance
distributions of the rhyolites of the Round Mountain
volcanic field reveal the presence of 2 separate but relatedV
phaseas of rhyolitic magma generation. Hofe apacifically;

Rb, Nb, and Y abundances exhibit a a&eparation (figure 20) *

between thoae rhyolite units of the aouthern atudy area from

thoase of Rouﬁd '&éuntain. 'EnrichnentiéfﬂRb from 210 to 360 JﬁéZ:
ppm and Nb from ‘40 to 90 ppm ia n&t’eaaily éxpiained by ;ﬁ
£ractiona£ion' processegs within a single‘Anagma chamber. ;5
. -

Since Rb and Nb follow potassium in cryatal fractionation -
and asanidine ie the najor phenocryat phaase preaent in ktheae -
rhyolitea, it is probabie that‘d two magma chamber aource j:
may be ’reaﬁOnsible for theae trace element abundance -
variationa. Ueing this information, it is suggeated that a -
vent to the. south of Round Mountain waa the aource for ﬁhe ::
| -

-
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' endogenous and was caused by the

rhyolite uhita exposaed in the southern portion of the study

area. Likewise the rhyolitea of the Round Mountain dome

were erupted from a separate vent and magma chamber.

The rhyolite unita of the aouthern portion of the atudy

area erupted prior to thoase of Round Mountain. Evidence for
this relative age relationahip ia expressed by the rhyolite

unita ‘1umediataly to the asouth of Round Mountain. These

units dip asouth approximately 159, away from Round Mountain.

The attitude of these units 4is preasumably due to the

tumeacence or upwarping caugsed by the " initial endogenous

phase of Reund Mountain.

Early Phaase of Stage 4

Initial growth during thia phase of development was

continued upwelling of
rhyolitic magma from a vent in ‘the southern portion of the

map area. Continued expanaion® of the dome caused the

cooled, solidified outer aurface tq crack and crumble as ita

atreching limit waas exceeded ‘(Hacdonald, 1972). Blocks

generated by the cracking then fell from the top of the

expanding dome to form a crumble breccia around the base.

Furthermore whenever expanaion cracks on the dome ocpened,

hot viacous ' magma was extruded resulting in massive breccia

unita where the lava incorporated blocks of crumble breccia

(Macdonald, 1972).

- RE -




Following the developnent'ofy the breccia unit in the
southern portion of the atudy area, a mninor phase of

exdgenous activity took place. This involved the eruption
of thinly laminated rhyolite flowa and the formation of
Vivian dome.

Vivian doné (figure:SO) ims lbcatedlin the southern part

ofvthe . Round Mountain volcanic field approximately one =mile

due south of Andrus dome. - The exogenous nature of Vivian

dome is exhibited by successive flows that - drape over the
aideas of thia construct. The origin of these flowa can be
traced to a source vent located near the aummit of the

dome.

Late Phase of Stage 4

Following the eruption of the Vivian rhyolite, the

volcanic activity shifted northward to the Round Mountain
Siﬁé} This phase waa also endogenous and éinilaf to the
endogenoﬁa davelopment of the early phase at Viviah dome. A
rhyolite bréccia (figure 27) wvirtually identical to the
breccia‘unit in the asouthern part of the map area was formed
during endogeous growth ofARound Mountain. Thias endogenocua
dome bdevelop-ent is believed to have caused the earlier
forned rhyolite unita adjecent to Round >ﬁountgin tao dip
alightly to the aouth. The Round ﬁountain rhyolite breécia

unit is approximately 75-90 m thick and ta present
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~ Based on texturea and color, the flowsa

circumscribing the Round Mountain dome as the lower slope

" former.

Texturoa "of ' both the matrix and the clasts, show

-

extreme horizontal and\vertlcd; variation throughout thie

unit. The breccia claatsa are generally 'angular to

aubangular and highly devitrified. Sizea of thef‘breccia

fragments generally deéreaae‘with increaaed AdlataHCe from

the sourcea vent, ranging froma approxinately 1.5 metera to

leaa than a ceqtiieter.

Stage S

Further development of the Round Mountain dome invol#ad
a change 1in the predominant eruptive character from

endogenoua to exogenous. During this exogenoua volcanic

phase (figure 28), succeasaive flowa of rhyolite were erupted
from a vent located near the aummit of the dome (figure 3.
H&cdonéld (1972) pointa out that a majority, 1if not all, of
‘rhyolitic domea which exhibit late atage exogenousa behavior

begin with an inital endogenoua phase.

There were 3 major rhyolite flows erupted during the

early development of thia volcanic stage that saspread

laterallf\ over the dome, and thus amoothed the profile.

have been mapped,

from younger to older, aa (1) gray rhyolite, (2) masmsaive

g

gray rhyolite, and (3) buff rhyolite. Tﬁe expoaure of theae
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Figqure 28 - (STAGE 5) Growth style becomes exogenous with
succesaive rhyolite flowa that apread laterally. A
late stage dome develops on the southwest aside of Rcound
Mtn. showing a preferéential southward flow direction.

Figure 29 - (STAGE 6) Bazaltic dikea intrude the rhyolite
Vflows along the asoutheast, southwest, and north aides
of Round Mtn., forming domea and cinder cones.
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flows is confined to the Round Mountain dome. The limited
lateral extent of theag‘ﬁnita 1n£er<h;§h v;acoaity and low

volume. Thie is supported by the fact that the gray and

masaive gray rhyolite (figure"32) £lo§ﬁ are thick, cliff

forming unita éfigure ‘33). Withiﬁ‘theée flowa theré ia
evidence for the éfeaence of more £fluid lava phaéee locally
which are characteriied by la;inbr flou atructurea on the
acale of a hanstpecinen. | o

Relative tining‘ of ‘tﬁgaélkflows can be defined by
examining the  contacts betwéen‘them. Uasing this method, it
waa determined that thére’uéa ilitﬁléﬁ or no elapsed time
between the gray rhyolite flpw and the older maasive gray
rhyolite flow. This can readily be demonatrated in the

field by evidence of viscous mixing at the interface between

the two flows with only minor brecciation (figure 34). Thq‘*:

relative tlhe apan between the eiplacéﬁenﬁ‘-of the massive
gray rhyolite and the buff fhyollte uaqhﬁoué§er sufficiently
long- to Ailow' for cooling 10£  the upﬁer auffaca of the
massive gray rhyolite flow. Thiaicooling period feaﬂlted in
a very distinct, sharp contact betwaeen the Eucaasaive
flows.

fhe iate phase of thie eruptive stage involved wminor
dome building on the &unmlt of gha Round HMountain dome. Two
“conétrgcts Qere formed during this phase; the firat was a
small rhyolite mound, and the second waa a Aecondary

rhyolite dome of moderate size. The moderate aized dorme,

- 63 -
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daaignatad Ahdfus &@ié; eih;h;t5  An_ exogéﬁsqa character.
This dome is located on tha southwest end of Round Mountain
and forms Rqﬁﬁd Hpuﬁté;h;g Qighest‘pdint o£ gg11af.

The Andrysvhﬁydliﬁe“fiows were‘ralﬁti§éiy fluid (figure
35) compared to tﬁé:hass;ve gray and gray rhyolite hnité and
exhibii a thinly lam;nated chnr?cter; fhey are very similar
in both ‘texﬁure and color to the flowa fron Vivian donme.
The greatesthvolune of rhyolite fron: the Andrus dome was

directed to the south-asoutheast ‘qnd__uas controlled by the

topography at the time of eruption.

Stage 6

The final astage of volcanic developnent of the Round
Hountein‘field involved the emplacement of baasalt reaU}ting
in a variety of featurea including domes, cinder cones,
radiating dikes, and some flows (figure 29). All of theaa
late atagg basaltic;conapructé aié located 1in areas which
outline the rhyolitic domes and flowé. Eichelbgrger and
Gooley (1977 dbaefved that mafic bddiee are typically
satellitic to ailicic centers, in both plut§dic and volcanic
complexés.‘ Only the bgaaltic 'COnatrucis’of Joseb dome and
Williama dome 'exhibit direct petrolegic contact with the
rhyolitic volcanics.‘

The source of these basalts is believed to be the same

basaltic magna 1ntrusioh which acted aa a heat sasource for
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the generation of the rhyolite. The aemplacement of thesse

late atage basaltic constrﬁéta ia limited both in time and
in space. In the bimodal assemblages of the Snake River
Plain and Yellowaténe volcanic fielda, baaaltic eruptiona
'occurreg'both prior to and afﬁer conatruct-forming rhyolite
eruptiona (Eaton et al., 1975). In the Round Mountain
vélcanic field, both the northern and southern barta,
basaltic aruptioﬁa waere limited to a post rhyolite atage.

Thév'locationa of.tﬁe;e basaltic c@natructs appeara to
be contrailea,‘fin part, by fractures, eséecially in the
southern half of the field. The fracture"control is
reflected by the linear character of the dikes radiating
frgm' Williams dome, and by the alignment of consastructs
asaociated with the Joasep basaltic eruptiona. The exact
origin of these lineaments is not known, but ia preaumed to
be the product of local structural adjuatment due to the
removal of rhyolitic Qagna from asubsurface chambera.

The - development of the fracturea allowed basaltic
activity  to develop as the rhyolitic activity ceéaed;
Bailey And othera (1976) have uaed the diastribution of
basaltic venta to determine the poaition of the aetive
subsurface silicic body by asassuping that denae basaltic
liquid could not paas through the body.

Theae‘ bamaltic conatructa and dikesa can be aeen
intruding wvarioua late atage rhyolite flows in the aouthern

aector of the volcanic field. One of theae basaltic

- 66 -
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features - is Josep dome (figure 37). Josep dome rises

approximately 90 meters above the surrounding plain. It ia

connected to two  n1nor conatructa, to the north and-

northwesat, by feedar dikesa. These two amaller conatructa
appear to have formed  51mu1taneouaiy as evidenced &y

interconnecting flowsa.

In figure 36, a dike of Josep basalt exhibite a  _

crosscuting rélutionahip to a late stage Vivian rhyolite-

w

flow. The emplacement of Josep dome caused minor upward -

et Ta

Faa® SO

e

displacement of adjacent rhyolite unita.: Thia diasplacement § ik

ia probably due to pre-eruption tumescence of the immediate
surroundings as the baaalélc magma phahed up through the
rhyolite unita. Josep dome development was tnvolvéd in a
minor phase of cinder activity priof to ;he eruption“of the
final flowa. Thia cinder phase ia recogﬁized byq areas of
cinder pavement associated with the conatruct, and also by
the incorporation of cinders in some lettér basaltic flows. .

A diatinctive baaaltic fea;ﬁrevln the southern aector
of the Round Mountain volcanic field ia the williana. dome.
Loéated Juat saoutheaat of Round Hountalh, Williama dome haa
a local relief of approximately 355 mnmetera. Williamrs done
conaiats primarily of radiating dikea which trend roughly
north-south and’ northeaat. -Theae dikes radiate from a
central vent located at the aummit .0f the construct. There
ia a arall depreasion at the sumnit of Williama dome which

ia filled dominantly with basaltic cindera indicating a late
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of Round Mountain

rotational fault striking N79W.

down to the east.

Figure 38 - Geologic map
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stage pyrocla;tic eruptive phase. The dépresaioh is
probably due to withdrawal of basaltic magma as volcanic
activity slowed and then ceased.

The final phase of daevelopment 6f tﬁe‘Round Mountain
volcunic field involved'thé deQelopment of late stageulocal
f@ulta. A major fault atrikea;appfoéinqtely ﬁlOE’ directly
through the eastern half of Round Mountain (figﬁrevae). Thia
fauit ﬁcarp which 1ia traceabie for juat under 2 kilometers.
The relative notloﬁ is déwhk to the eaat  with relative
vertical displacements of 45-55 meters to the north Vend' of
Round Mountain ffigure 40), and 3-6 metaera to the aouth.
These different magnitudes of disﬁlaceménts indicate a
rotational; or aciasor, fault (figure 39} with ite vertex to
the aocuth of Round Mountain. Féulting is typically
associated with late eatage volcanic development when
drainage of the underlying magma remaoves atructural auppéft
(Macdonald, 1975). Since the location 6f nagna chambera
aasocigted with the Round Mountain volcanic activity are
controlled by fault zonea, it 1q’ preaumed that the late
atage structural adjustments have ‘aiso occurred éiong fault

(P,

zonea.
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CONCLUSIONS

Round Mountain 1is a prominent rhyolite dome in

northweat Arizona. The dome ia approximately 2.1 km in

-~ »

di;neter At itse base and hdﬁ a local relief of 268 meters.
kRound Mountaiﬁ 14 centered in a virtuai aea of baasalt and is
latg Tertiary in age.

Round Mountain is béth endogenous and exogenous in
nature. Initial’ endogenous dome building involved the
formation of rhyolite breccia unitae which const;tute
approximately 30 to 407 percent of the total erupted
rhyolite. Latef constructive volcaniec phasesa, mainly
exogenoué, were characterized by 4 major rhyolite flows
which cap the dome.

The Round Mountain volcanic field exhibits strong
binodul chaructériatica, conaiating of high-K rhyolites and
alkali olivine basalta. The rhyolitea are placed into 10
nappgble unité baéed on color and field textures. The
baasalts aré clasaed into map unita on the basia of asource
venta and flow morphology.

The rhyolitea are compoased of apprbximately S0 percent
glasa with major phenocrystalline phaseg consiating of

aanidine and high-~temperature oligoclaae.

+

Emplacement of Round Mountain began with basaltic magma

migrating to the upper crust preferentially along deep

crustal fracture zones. Rhyolitic magma was generated by

IR IR
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partial melting of a granitic upper crust and later emplaced
along asurficial fracture zonea. The hot basaltic intruaionsa
Qere responsible for the haat source neceasery to initiate

partial melting.
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