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ABST RACT

Famnants of a dacitic ssh-flow sheat near Ulodbe, slani, and
Superior, Arizora covar about 100 squires =ilasy before ercslon tha area
covarad by tha s'wet ras &t least LOO squsre miles end parhaps as much
83 1,500 squars ailes. Its zmxdzum thickress ia sboub 2,000 feot, its
averagce thickness is sbout 500 fest, and 1ts originnl volums wis at
leest 14O cublo mlles. It was erupted on an eroded surfsce with con-
siderable relief,

Tha msin part of the deposit was thought by early worksrs to
. be & lavs flow, BEven after the distinctive character of wolded tuffs
end relatsd roc«s wes discovarei, ths nsture and ocigin off this deposit
rexained dubisus secizuse textures did not correspond & those {n aothor
walded tuff bodies, Yot & lavs flow es asiliclo as this dacite would
be viscous instead of sproeding out as =n extensive shest. The purpose
of this fnvestigation has been to study the de;osit, resslve the incon-
sistencles, and deduce its origin and history.

Five stratizrephic zones are distingulshei sccording to differ-
. ences in the groundzass, Froa bott.oa\to top the zones are basal tuff,
vitrophyre, brown zone, grsy zore, &nd white zone, Ths thres upper
sones are distinguished by oqloﬁ on fresh surfaces, for each weathars
to a similar shsde of 1light reddish brown,. Noma-ldod besal tuff gredes
upward into the vitrophyre, which 13 a higchly welded tuff. The brown .
and gray sones consist of highly welded tuff with a lithoidal groundmass.



Cagree of wolding decreesas prograssively upmard tnrough the gray erd
the white zonns, end the upper white zore is nonmelded. Textures zreo
¢learly outlired in the lower part of the brown zons, but upward thay
bacoxs more diffuss because of 1ncmgaine.; devitrifization. In ths
white zone, originai textures are essentially oblitarated, and the
groandnaass conslsts of spherulites snd ricrocrystallire intergrowths.
The chalef groundmass ninsrals are cristobalits and sonidine, with
lesser quarts and plsgloclase. Fhenoorysta comprise adout LO percent
of the rock, #nd thelr relative proportions sre feirly unifora.
Almost three-fourths of the phenocrysts sre plagioclsse, ons-ienth
quartz, ome-tenth blotite, &nd the rozainder ssnidins, magnetita,
Cand hornblends, with accessory sphens, sircon, snd apatite.

Pumice fragments are rearly equidimensional near the top of
tha sheet, and downward they becomm progressively more flatiered until
they finally disappeer. The sones snd the pumice fragment flattaning
ratio (ratio of lsngth to height) provids maans for recognizing seversl
faults within the sheet.

Twelve rew cheanmical snalyses sre nearly uniforw in composition.
If namad according to chealcal ¢o. position, the rock would ba a quartz
latite, but when ns=ed &ccording o pherocrysts, it 1s & dacite.

From the field occurrerce and the interpretation of relict
taxtures, it 1s concluded that the desosit ia an ash-flow shest cone
taining large smounts of welded tuff, and that it was esplaced by a

typa of nure srdente instesd of a lavs flow or air-feil shower, The

naturo of goning snd trend of flattening retios {ndicate & series of

ix



eruptions in rspld enough succession for tha sheot to form & sin-le
coolin; unit. Except in the lower part of the shest, orlginal tex-
tures wers obscured by devitrification and orystallization during
coolinz. FHearly unifora mireralogy sani chenistiry sugzgest a single
aagastlc source. A nearly circular area, about 3} miles in dlamter,
of sltered dacite and esrlier voleanic rocks, bounded by intricatsly
faultod #nd brecclated older rocka, may be the aite of a ca].(_!sr'a that

reproszants the ssurce of the erusptions,



INTRILUCTION

A thick body of dscitlc volosnic rock covers large sreas in
the viqinity of Olobe, Xtexi, end Superior, Arizona. During the
writer's essigzrmont to geologic mapping in this ;mm, as part of the
Olobe-:lawi project of the . 5. Caologleal Survey, he becams inter-
ested in the origin of this rock. This study is tho res.ult of that
intaerest.

within the last thirty yesrs, sheets of silicic volecanic rock
with distinctivo characteristics, similar to those of the dacitlc body
. pear Suparior amd Globe, have been recoznized in tha western United
States cnd ir other parts of the worlli, Theso rock bodles differ fronm
lava flows on the ona hsnd end air-f8ll tuffs on the othor, yet possess
certaln'reatures commn to both, In the literature of English-sposking
countries they have gonorally been called “welded tuffs" or "igrin-
brites.” fxplanations of their origin have required modifications of
long-atarding concepts of wvolcanis., and many recent studies have been
concerned with the dascription armd or{zin of thass rocka. All but the
most recont sre listed in Cook's ®Igniazbrite s31bliography” (1959).
Severcl recert pepars give ~m«mllemt. reviass of the dewvelopment of
sclentific thinking on this problem; auong thom are those by #illians
(1957), Martin (1959), ¥scidn (19¢0), "mith (1960), snd Cook (1260).
Each of these articles provides a good insight into the current thini-

ing enit the'unsolvvd problems of these most Ainteresting daposits.



Daserving of spacisl mention, parhaps, 1is S-ith's raview srticls in
which the mode of eruption, recognition of units, aize sand chsractor-
istics of deposits, source sreas, origin of the magme and other
problans are treatad,

The chief purpose of this papor is to descriove tha dacitic
ash-flox deposit mear Suparlior, Globa, ard lilsml, Arizons. In additlon,
cortsin idazs on the ori:in of the deyposit are sadvanced, end criteria
for structural interprotation within the sscuingly unifora part of tho

sh3at are proposed,

- Field work
The Globe-ilami project of the i, 5. Geologlcal furvey has

included detailed geologic mapping of five 73-minutes quadrsngless
Globa, Irspiration, Pinal Ranch, Hounted Canyon, &nd Superior. These
quadrangles lie botacan 110945' and 111°73' west longituds and 33°15¢
and 33°30' north latitude, ani their locations arv indicsted on
figure 1. XNels 2. Petarson has bsen in charge of the project sirce it

zan in 1943. Seversel reports on the jeology of the area have been
published, and othsras are in press. Those describing the dacits and
showing 1its distribation includes N. ?. Peterson, Oilbert, end
Quick, 1951, p. k2-3; K. P, Petarson, 1954; D. #. Peterson, 19603
N. P. Peterson, in press (1) snd (2). The present papsr is based
ohiefly on the writer's mapping and studiea in the Hsunted Caznyon
and Superior quadrargles., H. P, Peterasn and others have dorns most
of the geologic mgpping; in the three remaining qundrangleé, thouzh

the writer mapfnd sz8ll arozs in ths Inspiration ard 2inel Rench



1s° i14° i13° na2° e 110° 109°
’ 37°_ & L i " " I_37°
¢ t
36°— \-3s°
1
1
Kingman Flagstaff ‘.
o) o .
35° Holbrook - 35
o
Prescott }
Jo)
° —34°
34— Roosevelt N \
\ L.ake )
. =
Phoenix
Q XAAGlobe
2
°Ray ! °
33°% 33
O
Yuma
| S |
15 \\\\T\‘ . o
° Tucson —32

114

109

e

?1:3?011.-—73103 ma) of Arizena, showing the location of o five
7] =inete muadraaslec. tn whizh the dacltic ash-Tlow clieet

atudind.

pyele]



qQuadrengles ard has supplemented the work by brief studies in scat-
tared localities in each of the quedrangles. Tha atudy has besn uade
at intervals fronm 1952 to 1960. Approximately eightsen montha of the
time spent in the field durirng this periol has been devoted to the

dacitic ash flows a2rd closaly related problems.

Previous work

The decitic sheet was first studied in the Globe 15-zinute
quadrangle by Eansoze (1703, p. 88-95) who identified it es & lava
flow., Ue described three distirct phasss: tuff at tle bess, vitro-
phyre, end thick declitic flaws. Teversl of fansore's leter papers
contain descriptiona of decite, ard some of his lster maps ghow sddi-
tional sress covsred by tha sheat, but thesa reports use essentislly
the ssms description as tha earliest pepar (fsnsous, 1919, p. €3-71;
1923, p. 13).

Short &nd others (1943, p. L5-49) described the dacitic sheot
raar Superior as alwmsting lavs flows and tuff deposits. MN. 2.
Petarson, in his studies between 1943 ard 1955, deduced that a lava
es silicic as this dacite would be emp.ted as relutively short, thick
flows, with contorted flow structurss, whacress the daposit ectually
covars hundrsds of squars ailes and the flow-like structures are
uniforaly flet-lying or gently tilted., lHe concluded that ash flows
of & glowing-avalanche type wera the most pr:o‘onblo marrner of eruption
of the dacitic sreat (K. P. Petarson, in prass (1)). C. 5. Hoss
(1955, p. W31l) mentioned great thicknesses of weldsd tuff in the

Globa=3uparior re,jlon of Arizona.
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TEHJINOLOGY

Ir ran fields of invastijution it seews irevitable that a
certain gmount of confusion of terzinola:y dovelops. Afferent investi-
gators, workirg indeperdently, mamy introdace differsnt names for the
samn fosture, or thay may use & singls term in different senses. Tha
full ran:e ;r mssnirg, or tha lixitatlions of a nowly coined ter:, may
not ke realized until after it hes bdesn used in different mays by
saversl diffsrent workers. FEzch of theas Jifficultles 1s well illus-
trated by the geroral subjouct embracsd by the ter:s weldad tuff,

" ignisbrite, ssh flow, end other relsted names, The difficuliles cen
be minlmized if tho terms to be used ars clearly dafined and used

scceordingly by each suthor.
Ko L, Saith (1960, p. 800-801) has clearly defined a eat of

teras thal he hass found appliceble in woridng wth end deseribing
theso daposits, and in a2n affort toward attsining s unifornm nomencle-
ture, the wiiter intends to follow Saith!s terairology ns nearly as
poasibla, JIrief definltions of the teras that are .aoat eppropriste
to the decitic shest nesr Suparior end Globe sre rcpeated here, srd
thelir spplication to the depoalt 15 discussed.

Ash flow: The basle unit of aah—-flm;t deposits; the daeposit

resulting froa the passage of ons nuén ardente.

Ash-flow shect: Any unspecifled sheetliks unit or group of

units eonaldared to Le of a-sh—flov origin,



Ralded tuff: A rock or rock baody in which vitric particlas
have some degrua of cohzsion by reason of having baen bot 2rd viscous
at the time of their erplacenant.,

Cooling unit: A sirgls or multipzls esh-flow deposit thatl can
be shuwn to have undergons contiruous cooling.

Siuple cooling unit: An ssh flow or sequence of 2sh flowa
that has hed an essentially unintarrugted coolirg hiatory.

Coapourd cooling unitt One thst showa depariures in expealable
- sonation srd othar properties which result frou simple cooling, bscause
the intervals between ssh flows were tos gresd for resijustzent to a
single-unit cooling gredient.

' Couposita sheet: A cooling-urdt complex that grades from one
coaling unit into two or more cooling units,

Ash-flow field: Deposits of pyroclastie rocks consisting
preponderantly of ash flows, which ars related to some spacific unit
of area,

Before Smith's definition of "ash flow” can be fully grasped,

it 18 essential to know pracisely what he sssns by a "nuds ardents."

briefly, he emphasized the origirsl obssrvations that a nude ardente

has two parts, & basal svalanche that contains the bulk of the erupted
mstorial, and an overriding eloud of expanding gas snd dust (Smith,
1960, p. 802-804). Although & pudo ardents is both a type of eruption

ard en agent of transport, Saith emphesizes ita rols ss an agent of
trmspcr;b of wateriel from the vent to ita finsl resting plsce,

. The dacitic body near Suverlor, Kiaal, ant Globe foras an



®asheflow sheet," made 1p of an undetsraired number of sepcrate "ash
flows® that in most places cannot be individuslly recoznlzed. 2art of
the deposit is cozmposad of "welded tuff," and part is nonwelded. It
will be shown thet In moat »laces tha ash-tlow shast cosprises a
"sizple cooling unit,” It locally grades into a "cospound cooling
unit,” but the depsrture froa simjle ¢doliny is rot great. It could
be called & Ycomposite sheot” becruss it shows both slvple end compournd
cooling, but sirce the depsrturs froa simple cooling is szell, a zore
accnuvate ides of the denosit's totsl chsrsacter is rendered by thinkirg
of it as & pirple cooling unit. The ash-flow shoot consldered in this
study constitules part of an "ash~flow field™ thsi exterds from the
Superstition Lountains southeast to Hay and northsast to the Salt
fMver 15 ziles ezat of ¥oosevelt Loka,

In most of the literature descriding the ”“’. *dacita™ has
been used as ths name for the dacitic body of rock near Superior, Globa,
and Mami (Fansome, 1903, 1919, 19233 Short snd -others, 1943; Petorson
and others, 19513 reterson, 19Sh), end tha name 1s firmly established
in current locsl usage. i8cite uay be defired as & voleanic rock with
spprecieble quarts phenocrysts snd with its feldspar phenocrysts mostly
plagloclase; decite therefore prope:ily describas the miperalogic compo-
sition of the rocks in thias depoéit. As ths single word “dacite® -
striotly desoribes only the composition of tha mc:'nc,~ end as sze
geologi.ata/objoot to applying rock nazes to rock units, the body of
dacitic rock will be cellad the "dicitic ash-flow shest,” or shortered

to dacitic sheet, In a different senss the rock body may be cslled a
®coolinz unit.” -



The teru "ignizbrite®

*Ignimbrita® was proposed by iarsnall (1932, 1935) s3 & nams
for the pyroclastic rocks of the rhyo}.lte plateay on the nor_t.h islend
of New Zgeland., He definsd "ignimbrite® rather brosdly: Ignizbrites
are rocks ® ., . . depositod from famnse clouds of intsnsely heated
minute fraguents of wvolcenic megus. Toaperatire was so high that
fra;cants ware viscous and adhered togethsr after falling.”® (Eurshaﬂ,
1935, p. 323); lgnizbrites ere "igneous rocks of acid or intermediate
couposition which have becn formed from msterisl tiit has baan elected
from orificas in tho form of & miltitude of highily incaendesgent parti-
cles which were rainly of a minute siza.” (1935, p. 357); "Igniubrite
is us&d &3 a2 naxa for & tufaceous rocik of acld coaposition that has
been forzed fros a 'nuee ardsnts Ketosfeznme' o . o " (1935, ». 30).

From iHarshall's clessificstion of {inlsbrites, 4t is clear
that he intuerded the tera $o gpply to both welded &and pormelded tuffas
(2arshall, 1935, p. 357-343). Several suthors have unfortunately used
"erinmbrite™ as a gyronym for "welded tuff," though this usage is
,contrar,r to Yarshell's intent. Strusaed in each of Marshall's defini-

tions is thst ignixhrita is 2 rock formed by & nuée ardenta of the

Katzal type. Ignimbrite, therufore, 1s strictly a genetlc terau.

Cook has proposad that ignimbrits be redefined to apply to

pyroclaatic rock units of probabls nués srdente orizin (Cook, 1955).
Ignimbrite in thla senss i3 a term {or a stratigrsphic unit, end the .
rocks thst coprise tim unit sre inilividually desiznatud sccording to

their composition, slze of porticles, and degrea of welding. They



might includo sither welded or norwelded tuff, or both, Cook (1957,
1960), kartin (1959), ¥sckin (136C), and others hsve used ignimbrite
in this way, ard in gareccl 4t seeas to bo 8 szatiafectory wey in which
to desiznate stratigraphic units. In cozblex volcanic fialds, homaver,
the sbove dafinltion doss not gpecify Just what constitutes e single
ignlmdbrite, or how sapecate ignichrites are to de eatsblished or
fdentified., Althoush the rock danozit of tha pregent stidy can be
designated 28 "an ignizbrite® according to Cook's definition,

because of potentiel co.plicstions in tha volcaric relations of

naarby areas, the writer hes salected to Tollow ths nomenclature

systen proposed by Szith (1960, p. 800-801).



FIZLD DESCRIPTION OF THE ASH-FLO# SHEET

Distribution, smea, thickress, exd volume
of the deposit

Dacitic ash-flow daposits origirally covered on area of &b
lea2st 4CO square m=iles in the Globe-Supearios araas, but erision has
reduced the present outcroy sres to about 100 syuare mlles (plate 1).
It 15 possible that tha deposits originally covered & much greater
area, perhaps 1,500 square =iles, bubt correlatlons have rnot vean
esteblished with rocks of sialler eppsercrce that lle to the northwest
in the Superstition Lountalrns snd to the wast, southwast, anid northeast.
' Tha largast cortiruous area now covered by tho esh flows lies
rortheest of & line batw:en Suparior aml Fay, end exterds eastward to
the Ury fesh Fork of iinarsl Creek, and northiward to Sowers Gulch and
#ood Creak., Othor lerge reanents of the nass lie botween Haunted
Cenyon end the “est Fork of ‘into Ureei, al:uny Pinto Creuk naar Jold
Gulch, &nd in the sres amund “ebster ountsin, upper Eastwater Canyon,
- and Day Psaaks, Smaller patchtes lle north of lobe and X¥leal, end
others arae scattered through tho area shown in plate 1. Part of a
large 2sh-flow remnsnt crosses- the northwest corrar of the map of
plate 1. |

Thickness of the ssh-flow sheat dependz-s both on irregularities
of tho surfsce at the time of eruwstion snd on subsequont aroslan;

Because of the underlying rolief, originel thickness wes varizble;



furtheriore, the eroded ujper surfacs prohlbits accurate deterninztion
of the coaplate range of originsl thickness., In & few places, however,
rocks lying closs to the original upper psrt of the unit sre praserved,
and originzl thicknese con be estinated. The aph-n-:m sheat is
thickost just east of Suporior where it reeches shont 2,000 feet. In
each of tho larger areas of outcrop, thickneases of over 1,000 feat
are coummor, :nd the avacace thickness of tho ghest is ostiuated to
have been sbout 500 feet.

The trands of veriation in thicimaess of the ash-flow shest
can be only roughly indicated becsuse of post-volcanic deforsstion
ard eroslon, end scanty subsurfacs inforastior. IThe lerge body of
dsoité east of Superlor appears to bo quite thick over wost ol its
extant, and drill holes in levil'a Cenyon snd near the J I Aench show
it excoeds 1,500 feet. It bacomes thinnor towsrd the southesst, &nd
is about 800 feot thick noar the south border of the Superior gquadrangle.
On lawlooth iddge the dacite is about 1,300 feot thick. Fastwerd froa
Sawtooth Kidge the thickness fluctustes, but becom:; progresaively
- thinnsrg on JK ountzin 1t 13 40O feat, on Vebster Nountain about 500
fest, ard on Slseping Zesuby about 300 fest, It i3 1likely that the
outcrop oast of (lobe is not smuch thinrar than 1% was originally, and
it 18 now about 160 feot thick; this suggests that this outcrop is
relstively near ths acstward maryin of the ash flow. Data on the
thickress variztions outaide the umepped area are not svailladlae.

If the deposit originally covered 40O squere miles, and had

8n avore;® thicxness of 500 feat, lts volume would have been 4O cubile
atleg, or 165 cudblc xlloweters.



Ago
Tha zze of the daclitic agh=flow shest is uncortzin. HRansoma
(1903, p. %4~95) essi;ned a provisional 8,8 of Tertiary to the aunit
beosuso 1t 13 definttely older than the present topogrephy ard becsase
it covers erwled lesozoic intrusive rocks., llore recent studias,
including ths preusent, have yleldad no evidence to indicate the ago
more pracisaly. An zbaolute age destoraination by rsdiosctive 1sotope

zothods is planned.

Zoning of the ash-flow sihest

Introduction

In most areas the dacitic rock formss blocky to rounded outcrops
intersacted by & distinct Joint pettern. In sreas of pgentle relief, the
ground surface 1s strewn sdth boulders that mwasure up to tons of fo:at.
across. On steeper slopes the rock foras ledgoé, and in rugged topog-
raphy it forms ridges, peaks, and cliffs (figare 2).

Five separate sones cen be recognized within the ash-flow
deposity distirvction botween thaa 1s based on differences in the
character of the groundnass. The Bones are, from bottom to top:

(1) basal tuff,-—poorly to moderstaly consolldatsd, ron-wolded dacite
tuff; grades upward to (2) vitrophyre,-——stresky to uniform highly
walded dacite tuff, with groundmass of blacx glesa; abrupt trensition
%o (3) brown zone,--firaly weélded decite tuff with light brown aphanitic
grounimass; grades upward to (L) gray zone,—firaly to moderstaly welded
dacite tuff with pale red to light brownish gray aphanitic grourdmess;

gradas upward to (5) white zom,-bm;;lammly walded to ronwelded dacite


































































































































































































































































































































































