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Abstract 

Turlx·nll4'. H.!\ '. \\';Iresbdt'l,. D.B. and Self, ~ .. 198~. ) .a\,8·domt'I:TO\o\1h a[lde~I.wJvl"\'.)kalli"m rrr the .1I'r,1ez M"un' 
t:JiM. New l\1('xir{,: E\'idE-Il/'t' frortl the P!io·PI,·jstll('en(· I'uyt' ,,\luvial fan.J. \'o/.-anu/ GI't)lhrrm fl,· .• ,:16: ;!f,j',2!JI, 

Tht' Pli!l·Plei,:.t,l('~·nt' Puye Formatiltn. mlrth·rentral New l\1('Xi('II, i~ II 200-km' vnlcan<l~t'nk nlluvial fan shed 
('a~twllrd from the Tsrhicoma volcanic center, part of the .Jeme7. !\fountain!' "'o\rani, field. The flln contains> 15 km' 
of volcanicla~tk material derived from rloSt'h' span·d lR\'a do.lTl£S. in tlw rml'tht-a!llf'rn-portion ofthe Tschi<-nma Cf!nWT, 
Intl'rbeddE'd in the fan sediment. .. are allellst 2:, primary pyrodll~li<- Ilnil.~ (rum f'xp/osiw erupti(Jn~ of dacitic and 
rhynlilit· lava dome., Tephra occur mainly as pumkt' fall!! hUI indlld(' s"veral pumic:rous igllimorites and two thiCk 
proximal hlock·and·ash pyroclastic flows. Tht' uppc>r part of tht' ran al!lll contAins rhyolitic plinian dt'posils erupted 
from sources in tht' central portion of the .Iemez field and basaltic ash dl'ri\'l'd froll! the central Rio Grande rift. 

Fanglomeralic (pyroclastic and epiclastic I radell exhibit considerablE' lateral variation. Primary \.E'phra deposit"'. 
however. provide a stratigraphic framework rIJr n'con!'truction of the ~rowth of individual lava dome!>. While only 
mlcanic dome" and lava flows are E'Xposed in thE' Tschicuma ct'nter.l'uye tephra layers show that vulcanian. 5ubpli
nian and plinian acti\'ity, and bl()~:k·and·ash pyroclastic nnws accumpanied many dome-forming events, Degradati(ln 
of thfSt' lava d.)mes produced coarse-grained dE'bris flows dt)minat.ed by lava and dome carapace daslS.•'rllm these 
epiciastE it i~ possiblE' 10 identify lithologies oflavllh that arl' either currently burif'd or have been obliteraU!d by erosion 
or by cnllapSt' o[the \'alles calder8lS. 

The preservation of Puye deposits reflects very high rate~ of aggradation and J,'l'adual down ·faulting in the Espanola 
ba~in of the ct'nICal Rio Grande rift. This record ofp~'rndastic and I'piclastic deposit ion all()w!' del.3iled interpretation 
of thl' evolution of a VOlcllllic ce-nter (rom its pyroclll$tk and erosiun prod\lct~. and is thE- first examplenf 8 volcano!!enir 
alluvi,,1 fan in an intracontmental rift l\E'ltin!! II) \::)(' dt's('ribed ill dt'tail. This study ('Dlphasizes that interpl'1'18tion of 
any andent vokanic u-rrain based solely upon dSLa dl'rivro (rom mappin~, radiomet.ric dating, and chemicAl analysis 
OflUSl15 or nislinl! denudededific~ is likely to greatly \llldt'rt'stimatt' bot h thl' rolt'of t'xplosive volcanism in the build· 
up of VI .\cank (,E'OII:'r!, Rnd ~ubsequenl er-timatt's of tht· volumes of material prodl1ct'd. 

Introduction 

Exp]osi\'e volcanism occurred throughout the 
1 :L5-million year development of (he ,Jt'mez 

'C'urrenl address: Dt'partmenl ofGeological S·it'Il('f'~.l7ni· 
v~r'dt~' niTU8S al A\I~lIn. AilS! in, TX iHil:l, ';!}'~i, \ '$.A, 

Mountains volcanic field (JMVF; Fig. 1) of 
north-central New Mexico. Most work in this 
area has concentratE.'d primarily on either th(' 
voluminous Quaternary rhyolitic ignimbrites 
(Smith and Bailey, 1966; lzeuet a1.. L981) and 
related calderas (Smith and Bailey, 1968). or 
on (he pet rology and age relation::;hips of lon~-
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lived l'pisocies una"" eflilslon and dome growl h 
(Gardner et aI., 1986; Singer Bnd Kudo. l!J8H; 
Loeffler t:t aI., 1988), particularly in t he Paliza 
Canyon ano Tschicoma Formation sequences 
(Fig. 2'. A neglected area has been shloy of the 
E'xtc 1lsivl' volcaniclastic sequences t hat relate 
erupl i"c 8cl jvil y and erosion of individual ,Je
me? volcanic centers 10 Rio Grande rift-enn· 
t roll(·d !-f'nimenlation. DNailen do('unwntation 

i ,,' 

I, 

of these scqUE'nCP8 i~ erucial to understanding 
I h{! volcanological evolut ion or this fipld, as they 
contain abundant pyrodHst ic deposit!' inter
sl rati ('ied wit h t'piciast ic dehris, These relation
ships are r;uf'ly evident in the central .Jemez 
field hut are particularly well displayed in the'; Puye Formation, a large volcaniclastic fan shedI'. 	 from the Tschicoma volcanic centoer in the 
nort heastern part of t he field (Fig. 1). The PuyeI~. 
Formation is ideal for study because of its ex
cellent exposure and close spatial, temporal, and 
Jithoiogic a!';sociation with the Tschicoma cen
ler. Pyroclastic and epiclastic deposits in the 
Puye fan, therefore, provide valuable insight 
into the history of Plio-Pleistocene explosive 
eruptions and Java dome development in the 
northeastern .JMVF. 

Tschicoma volcanic center 

The .Jemez Mountains are situated on the 
western margin of the Rio Grande rift at its in
tersection with the Jemez Lineament (Fig. 1). 
Erupted products have been divided into three 
stratigraphic groups representing three succes
iiive periods of magmatic evolution and erup
t ion (Bailey el al., 1969: Smith et al.. 1970). The 
proposed divi~ions are t he Keres (including the 
Paliza Canyon Formal ion ), Polvadera Hnclud· 
ingthe Tschicoma Formation), and Tewa (pri
marily Bandelier Tuff and post-caldera la·.a 
domes) Groups, in age sequence (Fig. 2 L These 
volcanic and volcaniclastic deposits span the 
period 13,5 to 0,1 Ma (Gardner et a1., 19R6), 

The Tschicoma volcanic center (7.40-2.9 Mn; 
Gardner et al., 1986: Singer nnd Kudo, 1986; 
Baldridge et aI., 1987) contains > ,~OO km:\ of 

dacitic Im'a lTow~ and dome~ in trw northern 
and eastern ,Jemez Mountains with subordi
nate amount.s of 2-pyroxene andesite, rhyoda-

I cite. and low-silica rhyolite (Baldridge and 
Vaniman, 19~; David Broxton, unpubl. data). 

. A ndesil ic lavas generally underlie t h~ dadtic 
lind rhy()dacitif la\'a:~ and domes. Much of the 
soul hwp!-I.l'rn part of the TF.l'hicuma cent.er has 
hN'n ohlitNated, initially by formation (\1' the 
Tt)ledc Em!)ayment (Fig. 1 ), and later by col
JaVlie of I hf Vall(·s J (or Toledo; Smith, 1979) 
and II caldl'ras at lA and 1.1 Ma, respectively 
(Baldridge and Vaniman, 1986; Self et aI., 
I B86). Sun'iving volcanic features of this cen
ter suggesl a strong tectonic control on mag
matism with the early development of basaltic 
and andesitic stratovolcanoes in the north
western .JMVF and later growth of dBcitic and 
rhyodaeitic dome complexes farther eastward 
(Singer and Kudo, 1986: Baldridge et aI., 1987). 

Magmatic activity in the northeastern JMVF 
hegan to wane hetween 4 and 2 Ma as several 
small. isolated lava domel'i (i.e. pumiceous flank 
domes J were emplaced onto Tschicoma For
mation deposit s (Fig. 1 ). These domes form the 
EI Rechuelos Rhyolite and Cerro Rubio Quartz 
Latite I Fig. 2; Bailey et aI., 1969), the latter se
quence more recently recognized as part of the 
Tschicoma Formation (Gardner et at. 1986). 
The youngest El Rechuelos Rhyolite lavas are 
distinguished mineralogically and chemically 
from tht> "older (Tschicoma) rhyolites" of 
Loeffler et aJ. 11988), but are mineralogically 
similar to several t.ephra deposits in the upper 
Puye Formation, Epidal'itic material from this 
center. however, ill poorly represented in Puye 
deposit~ due to topographic barriers existing at 
the time of eruption of these dome",. 

The youngest (>uptives hitherto reported from 
the Tschicoma volcanic center are 2.9 Ma ri~ 

(Baldridge et at, 1987 I, although this study 
emphasizes that portions of the cent.er re

Paj 
Rh 
GI'l 

maiut'd active up to 2 Ma (or less; Turbeville, TSt 
1986), And that E'vidence for younger dacite and 
rhyodacitE' lava domefol (:;;ince destroyed hy ero-
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Fig. I. Location map of the Jemez Mountains Bnd Valles Calderas (VC). New Mexico lebove). Bnd tbe study 8~B. eastern 
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.9 Ma 
Pajarit() Plateau (partly after Smith et 81.. 1970). Shown are surface extent uflbe T!'Chkoma Formati(ln I TF). EI Rechuelosstudy Rhyolite domes (ERI. the Puye Formation (PF). Ll)boto Basalt (UH. Cern')!\ del Rill basalt field «('RBI. and Santa Fe 


:er re Group deposits (SFGI. Also included are prominent local topoJl)'aphic features. Cerrn Pelnn (CP). Polvadera Pl'ak (PP) • 

. )eviUe. Tschicoma (.abo Chicoma) Mtn. (TM). Cerros Mtn. (ell' . and Clara Peak (CR): locatiun numbers refer to composite 
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Ha I:!l)/l 1200 995 !lJu ll~r (\"al~ rlt"rT\1:'d from n.'p~ntlltiVf.' (.:UUllt~ Clf dll~tl\ > to' 

I .... :l:U :1:1.::' :lli.~ 41!_~ H I IllOl; n =:.!IlO ~)f'r d(·pu!<il. 
f"f' 641 ("'.:' Ii:.! I \1;>,4 f)": H. \'lIriations III Ih(' p(·r("('1It.1~(, ..fthesl:' da~lln'l'~ I!elwN'1I 
~m ~.~ 4.r. :U:. -; lUi 44 tht, If}Wf~r and u')I~r pnrliuns ..f Iht, tn(',lilll hill fadps "f IhI:' 
r:.. 1.1 I I 'J ;1) 111:1 1.\1 

I'uy(' F"rmalinll (f,ft, fil!s. ;). (; I. 
\~"f 	 Th (,46 0.1\0 f).~} IT;-

Yb Ll4 1.:17 1.:12 4. J(; If. 
Lu 0.20 O.ZO 0.22 0.64 
Hf 4.:> 4,-; 4.0 7.6 ;\!, eastern part of th(> TschJoma center (Figs. 1. 

O~~Ta 0;4 " 1.'21 4.62 :{). This alluvial fan records a history of explo
Th 4.:1i 4.:.8 8.22 1870 ';.t~ 

sive activity that produced abundant dacitil' to 
Major .. Iem .. nts hy X Rf·. tfa('e e-It'mt'nt" by INAA; _ Turhe"IU(' rhyodacitic tephra (Tabl€' 1) during thE' lat.er 
(l!;l:\Il) f<,. analytk"al method.; and qualll)' <If data. 

development of the Tschicoma center (3.5-1.9"1'01,,1 iron a" F",O, from analysis. 
-("hpmit'al dal.<! {rom Gardn .. r .. ! al. ( 19116) Ma: Gardner et a1.. 1986; Turbeville. 1986) _The 

well-exposed parts of the fan show medial to 
sion and caldera collapsE' 1 survin-s t'xcillsivply di~tal volcanogenic fanglomNat.ie faries wit h 
in the Puye Formation. abundant epicJastic material emplaced as sub

aerial mass flowR and hyperconcentrat.ed flood 
The Puye Formation nows (('.t'o, Smith. 19~6)' stream channel de

posits. and shE'etflood (:onglomerates. Thesl' 
The Puye Formation (Griggs, 1964; Manley. sediments an> intl'rhedded with primary and rt'

1976. 1979; \A'aresback and TurheviH~. in prl'~S l df'posited pyroclastic deposits and. to a lesser 
is t he exposed upper part of a thick vokanidas (>xtent. areally extensive mafi<: 18'1.'a flows and 
t if' sequence emplacE:'d l'omemporaneoul'oly wit h Associatt'ci hr('('ciR~. In Addition. Incllstrim.' de
I.ht, Pliocene development of thE:' Tsrhicoma posits (induding ahundant water-lain felsic: and 

he Puy" volcanic center. The Puye Formation contains ha8alt ic tephra) are volumet ri('ally si.~nificllnt 
•b:lNll\.· > 1;) km" of Plio-PleistocenE' alluvial sedim(·nt~ in distal parts of the fan. 
",.!iuvi .. i deriv('d mllinlv from laVA oomes in the north- Explosive Nupt ion;; t hal Cl('('ompil nit-d the 
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l'orp1l. j;Tily Urlll pia!:. gloml"fIll'I')'sts and qtz wil h hb,bi,('px 'hPX III an int('r~lllilll malril! nf subparullel 
dacite plag, microlilej\ in dark /tray glass. 

II PMph.l'f'd Simil·ar 10 1~1)t> J t'l('t'jl! lIluch larl!t-r pht·n·,el)·"" and d''''lIl<'llv Iilll'ati'd lalmc qlz rart'. hhl 
ciR('llt! rl'pla('1'<1 h\' FI' ... ,. i<1(', 

III PUf'ph It.:h! l-~Uil!nHllllar pl'qlz ('px ·"px ·hh hi /)I...n. III a m"tfl~ "f .'\>lhhy, rm.d(l!III~· "rj"I\II,d pla~:. lOll hs 
~rav <la. ile t"rthoph~'rir I; gltltlwrol'f'\", mr,' 

1\' Fl.tw·haiHk·{1 ,\iH'rllalilll' iland" or I:!ass\', minulih' p',,'r and d"I""" miaoltl it' ",'rialt'I;!,,:!; phI/! ,wd F(, 
~Hhh'~ih\ ,,,iti.,, Hl parall,·j fabric ('qWHl! "I'X wilh", .v~ pr""" 

\' ""n,h pink :,' r"n"l\' I'mhay<'d pIa): lHq,.u·ry,.,t" t up I" 6 mill' III dt'HS('l!n"lll.hna~~ of fr:J/I!ml'll1ai mi"nl(i!!', 
dafn.. and idh.<!,; dhun<i. hi·h1"ll).·mt min..Ii!I" in "l'ri.IIt· 'lI,IIr!X, 

\'l :oil. porph, gra.,' Pial!. nw~a(·I)'~t" i IIp I",,, mill \ with 'liZ in Vt't"\' d('n",' matrIx IIf l.nh·,IH'p,'d pl.l!!., alt,-red"Ill< a 
rhv",iarih' and F.. ·, 'x io,·,,; j!fllufI(ima"" st rClul!~\. sph..mli(.i,··. p 

\'11 (;r<iY 1(1 bl,1{'k PIa/!. m"I!i1cr.\·~I" (up II! lof mm 1wilh ('qu,ln! ..px "I .. Illt·mi(rnplll'll. III malril< "f >,Il)hhy p\·epx· \' 
porph, b"s;!h 	 "flx'lIl! llIi"f<llile~ in!;!!,,;;;; (lI,plal!. illl,'rj!r"wlh~ ... ,mn.. ",. d.\'111 era\' p..r1ili,' Fihtou~· flowbano(·d IIwr. ~'llIst ie ·ltk.. i 1t'Xl.ure; ~ph'·ruhl "'ally (\I"'itrifit-d gfllundm:l;'s Im'ks 

ti, 

,. 

'L'ps anol.'!'itl' p\;tj!.; "hund "andl'"ilr'lilhks and :arl:<' ( :> 1 mill) isnllllMl F"'lIxidl' plll~nn('f~·sh. 
IX l.ight ~r,l\' hhL l'IlU"U,I\ .. rlhoph.Hil' 1..)(lnrl' wi.th j\~luntly I'lla~. lath" lind h~·,bi·nr.r in l>phl'T\llitiClIII~ d('\'ltrifit>J c(' 

l!I\d~l\t' t minobrt't'ciated i hm\lndlllaFo~; larg!' IIreen hiolilt' t'r~'~1i\1~ art' fon~pin!ous. ca 
X !i('d Iland .. d ;>;101 ilM 10 I ~l'r~ I and II t');(,(,PI for d,,,! in!'! i\'1' ....)"r handllll! and O('I'urren,'(' uflaT!:I' hiot ill' wI

d.'witl' ff\·~t;,l~ in dark r('d ·i!W\\'f1 ~roulldma"l>. 
Xl Pnrl'h. j!ra\' P~'roda"l k·likt' hWtllHlma.-s: way" ~hllld,likt' f('!llm.,,. outlilll' a w('ak 1101"·1I<llIoiOl;: tllllhrml'Lt in: 

dant" dE'\'ilrifil'd matrix I'xhihil~ ""tn'h'hed-skin' appt'(lrarl(('. ba 
XII \'okanif Indh'idlla) hasalt,c ci<lslS t .,.:m I'm diam.l in h~'dmlhFrnulll~' aht.'fI'd and h,mdl'!!. "ra\"I>w\\·n tio 

"B 

brt'l't'ia !!:tlllllldma",,; unusIIH) skl')I'tal aggn'.:a\t·" til hlad.·tl :1I1j!IIt'. 
~ .' XIII Fin.. ·gr;t1nt,d I II,! in('1 in' 110w texlurl' IllIl'arU'd hy pial!. mit:rulitl'''; plag. ph,·n.wry"t,. !;!r"III!I~' \·mIMvI,d: ol'IIx, 

haMlt IlIt ml('rolilt.'~ in bmwn. l!las~y ~roundmlll\s: hi/<h ('f~·,.tal! j!la,,'" rat il>. Py
X1\' Gra,· :!'px l.arl!t! plaf!. 1\:1.,mf'rlll'rysts and "uhophill<' 8utU(' illl!ray·hrowlIl:l;l!;~Y J(rountimass wnh fl'Yo pial\:, 

andes}!t! microlil!!S, 
X\' Tan· brown Largt' pial!. glomero{'!)'sIS in dt'llsl',uri("nl.t'd,inlt·rstitial mi{,folile I!:tIllindma","; larg., hi·hhl A 

hbl hi da<'ite l'I)'slal" and qll. micr.lphenocl')·,.ts.'.:.	 cia!'
X\'l Gray hbl Largl' pial!. flhell'I('I)'sts with hy-bi·hlll in randomly ori.mtffi micrulilic matrix; ml'Jlx '(11 

andesitt microphen. in radiating (lr dendritic du~tt"rs, 
X\'11 Black tatite-rhyodacitE' with pla~, phen. rimml'd by fl<'rlhit if or I!rant111hyrk u\'{·r!:rllwlh" ill weaklylilt porphyry 	 Iluw,banded, dark "ray I!roundmas."; K ,fl.'ldspar anumsl.m"l), abundanl as larj!t' tabular 

nystals. 

p" 

l!' 

iii··'i ';...· Al!glomerattXVIII FI(lw·lJandt'd la\'8 da"ts in dlstin(,ll~' pumi<-I'ou!\, micrubn"yj,lh'd matrix; nvstlll and lithl(, 
fT>l~m~nt~ c.lmm"ll. 

growth ofTschi('oma lava domes were probably lhi~ reason. we heliew' that the Puye alluvial 

instrumental in remohilizing large portions of fan adequnt(>\y rt'\Ht'!'ent!" an inverted st rat j 

tl:l\us-l'on'rE'd dome surfal'e~ lc.l'.. Hose, 1987; ~r3phic su('('e!'~ion of Plio- Plei::;tocene lav8 [ 


Scott. 19h'). Steep topography and !'poradic dome development and erosion in the north F 


'posfoibly episodic) Hood frequE'n('y and runoff Nll10tern part of the T:!'chicoma center, 


. 	 in this foerni-arid region (Kelley, 1979; Dethier Puye Formation I?pi<.'iastic deposits ('ontain a BlOc 
and Demliey. 1984) contributed to the appar highly variable ~ujte of lawl Iithologit'l' (Table Ashi, 	
ently high erosion rat€':-: associated with the 2; Fig, 4 l; thi,; ii" in "harp ~'{mtrast to tilt' ex Puml 

denudation (If these domes, providing ahun posed rock types of the T~ehi('oma eruptives 
Fig 5. G dant epiclaslic material to the growing fRIl. For I Haldridj:(p and \'alliman, !9RfiL t'nfortll 
!<lti"l1 in 

http:micr.lphenocl')�,.ts


na\(·k. dirt-,! t11rrl'(.,!l,ll1 (J! tall dt'pfl~if:- \\llh 

t hI.' current k dc·nud(·d \o!t';ITHC Cl'ntf'r j" !!r<-al I, 
IIlhib;lt:d b,\ hlllllt·d c,P,,:-Urt' in tilt" ,HbJ '''WH' 

\8V[I 111)ws and fan sediments ratertingt'r. Sun· 
i1arlry I)t>tw~€'n ;l\allah:(· f1IinNi1h)~il'al andlid 
gt'ochemicail'harac!t'ri"t " -- of PIJ~'(' It-phra <lnd 
T~I'hi('oma 1£<\,1:-. I,,,\\'('\('r. "trungly "uPI'"rh 
t he conternpt)r<im-n~' ,,!, dW;;l' r, 'l'Ii:- \ ,,\·\·l,t'!P\\:, 

'PH' Pl IY<! fa:1 a 1"" "'ULlin,. ha"aitie a,.h tit· 
fl\,~tl from phrt:',l1"l1la~f!l<:lt j(' t'rupt ion,. In t lu
Ct'rro:;;dt·! Hiu\"lk,mic ru·ld~,ftht·n·ntral Hill 

(~rand~ rift I Fl!!", 1. :l; :\uh{'h'. nl-;~f: Fislwr ('1 

al.. 1984 I, Th(> ('nmbint:d int1ut'lln-:, nf cllnh'm,
\<'1'" 

IK·rant'olls \'okani,:m lflllll ttw,,1.' t WIl adjan·nr 
volcanic {'l!nters :Ht: f{'llt't'tE'd in till" filii by the 

den·lopmem (JI' di,:t i l1\'l i"f (':,vel ical deposl' 
tional Sf'411em't':,. In e<;H'nCf'. the T ...chicpma 
center steadily !'upplieolargl' quam it i('~ of \'oJ· 
caniclastic m~ut>rial to tht, prograding fnn. 
whert>a~ volcanism in t lw Cerro,; field st rongl~' 
innuellc~d :'E'dinlt'ntat ion from t he ea~tern 

b8~in margin. h~' lukt' dtlwlopnwllt and v,trill' 
linns in h,('al 11m·i.ll ha:'-E' lew'b, 

<l. 

Pyroclastic stratigraphy 

Analysis ~nd correlation of primary pyro· 
clastic deposits in tht> PUYE' Formatinn (see be· 

lo\\! ~'lggt'!'1 Ihat ,--('\'t'ral t'XP\(I!>OI\'{' eruption;. 

Ir"m 1ht> l\t'!,ICOlllil ('en tPf prnd'lt't-'d widf" 
"prt:ad 1Hll hlankt·t:-; a.:rm.!- thl' grcwing l'uYl' 
fan. Lo..'ab;wd preservation of thf's~' de;msits 
d('pelHit:d 0/1 ! ill' rapid 11f'('umlilat lor: of a pro, 
lertjq· l't)\'n of epida"tit' dehri:, (Ir ati(illion:l! 
p~'fI)da,,! ic IB,;ll'rilt!, Tht, ;,bs(>!lC't, (II ('(I('nil 

Jl~ rOCiCj,,1 ic d·.'pm.il S 1)(>~'lInd t tw !imit!-- 011 his <II· 

ju\'jal :-\ ~H'11l "uf:-:e;-;f:.; Ihal I Ill' ,.mrolll1din~ ('fl· 

\'ironn,;;-nt:-; \,t-'n'lht'rt'fore not :;uitahle for tIll> 

pn-~(>f\'Ht inn of tt'phra. Any teph.ra('nl}~lan·ci ttl 
t ht· ~out hW(':-.l of t h~' Tsdlit'oma ('enter was nh· 
iill'rated. a!~)I11! wit h T!'chi('omn la\':1 flows and 
dOtlH.'S. hy lat er l·pisodt·s ofcaldera r.1llapse and 

infilling. by intracaldera. Hanoel.ier i~nimhritt> 
I Nielson and Hulen. 19P.4 ), 

EXIJiosi\'(' l'ruptions and clos"l~ a.-;sm'iat('d 
t'pida$tk sediment:ltion produn-d cyclical st·· 

quenet's. C)f one or mHFe- pumit,t> f;llls. oftt'n un
derlain by thill mudflow deposit!' and ovt'riain 
hy eit her i~nimhrile or thick pumic{'ou!l mud, 
!lows (Fig. ;»). Thest' 5equen('(:'s rt'fled individ· 

ua) erupt in' pvents and are ~E'paralt>d by inter· 

eruptive dt'brif; flow and hyperC'oncent rated 
flood flow deposits (including volcanic mud
flows). fluvial sediments (i,e. braidE·d stream 
conglomerat.es). and deposits of shE'et l100d ac
t ivity. The latter reflt>ct high rate::; of aggrada
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ar 
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Fi~, 6, Cnmposite tephrostratigraphy of the Puye Formation showing lower. middle and upper tephrl\ gmup deposits; prefix 
..p" indicates a fan· wid .. forrelat ion (see text 1. (II her unit!. are l<lcalize<\ exposIH€,S confjm~d V) specifl(' parts urthe Puye fan 
(see Fig. I for secti,m locations). Other designations are G22 ami ('9 =upper group rhyulitt' plinian deposit...", (i\ef> t(>xt I. 
HA =hl:ll\3ltic ash deposi\...~. IX'mf:. pumiCtmllS mudfl<lw dep""its. SF= Santa Ff' Group St'diments. TF=Tota\'i Formation 
grawls. The Puye ignimbrilt? (2,5:1:! 0, I Ma I at approximatl'iy 4;, m is a key stratij(raphic marker horiZlln in the fan. 

lion that did not permit significant incision by 
fan drainage and were commonly associated 
with the formation of shallow but widE-spread 
lakes. 

Tephra deposits in thl' Puye Formation are 
informally divided into three stratigraphic 
groups according to distinctive changes in the 
dominant juvenile clast type. the environment 
of deposition, and sll~pt'cted s()ur('e~ {Fig. 6 J. 

The lower tephra group cC'ntain~ SE'vera\ 
widespread pumice fall deposits and thin ig' 
nimhrites, in addition to abundant redeposited 
fephra (Figs. 7A,S), These deposits contain 
light coloTf:d, fihrous. hOTl1hlendf:- and hiotit(" 

hcaring rhyodacite pumicE' and le~!;er itmounLo;; 
of dark gray or handed two-pyroxene dacite 
pumice (Tahle ] L 

A middl~ tephra group {'onsists of a lit hie ·rich 
ignimbrite (informally called the "Puye ignim· 
brite", dated at 2.5:3 ::to,] Ma by K/Ar analysis 
of feldspar separates; Turbeville and Self. 1988) 
and coarse-grained pumice·flow deposits with 
large two-pyroxene dacite pumice bluck~ that 
lack biotite and hornhlende. Associated with the 
ignimbrite sequencE' are several ('oarse, lithic
rich pumice falls and fine·~rained capping ash 
falls (Fi~. 8). 

The upper tephra group contains several 
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Fig. 8. Profile through tllt>·· Puye Ignimbrite" and associated pumicfO and ash falls (Fig. 6) showin!! chanl!es in median grain 

~, size (Mdol and sorting of deposits (a ,,; values derh'ed from cumulative frequt'ncy curves in lht' grain silt' range -4~ to 
1 ""). and frfOquency variatinn curves of individual component populations {pumirt':stippied, Iithics=sh8ded. crys· 

tals =unshaded I. Samples taken from homogeneous (ungraded, massively bedded) portions of each unit. Shm'lin at right are 
estimated percentsges of accessory lithic types observed in pumice falls. P6 and G 15 (lithic tYPE'S refer to Table :2). 

thick rhyodacitic pumice falls, abundant lake
deposited pumice and ash (Fig. 7C), and thick 
sequences ofwater-lain basaltic ash. Exposures 
of indh:idual units are considerably more re

~,~ stricted than lower group deposits and differ 
f: markedly in mineralogy. lithic types, and grain


size characteristics. In addition. two rhyolite 
I,r ! pumice falls in the upper part of the Puye fan 

(units G22 and C9. Figs. 6, 7D) differ signifi

cantly from other Puye tephra units in compo

sition (Table 1). and are conjectured to have 


';i. 	 been derived from source vents currently bur
oed bem'at h Valles II Caldera (Fig. 1). Only one 
exposure of each unit has been found, although 
it is apparent from deposit characteristicI'; (see 
below) that they were oncf' \videspreud plinian 
deposits . 

Correlation oftephra units and deposit 
dispersal 

Key stratigraphic tephra horizons were cor
related (Turbeville, 198ti) using a combination 
of mineralogical charucteristics, distinctive 
lithic clasts. and trace element compositions of 
large pumice <'lasts. Correlation was impeded in 
many cases by a highly variable assemblage of 
juvenile clast t}-pes in individual deposits and 
by the oft.:>n erratic Jateral variability of indi
vidual tephra units due to localizf'd rE'working. 
The re~mlts of tephra unit correlation are pre
sented schematically in Fig. 6. 

Of the 25 primary felsk pyrodast k dE'posits Fig. : 

exposed in 	the Puye Formation. I?jght pumice andl 

falls find two ignirnbrit('s are r{'('o~nizf'd fnn-

I 	 I 

.....' ____-----------........d----' 
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-3 -2 - 1 0 -4 0 " 
Me Grain Size£f
~ 
r:~ l4! \ ',If jdl" ,Il lll)!f"lll -17\' ,·h'tf"l"tt'ri"lIn· of Ill/min' tilll 1'-1 '" . -11 \\'"il h d;,littl, ,. tWill {'h'HIllla I T,..,·tlln'lIlH I !\IIllllltliin 10' 

'f\dl!! L;rd.\ ...t'lt·~·h·d" ...,'t' Fl~~ L '.t L ,hnwn art' ('han~t"~ til IlH·d:.tn ~ran~ "'II.' l:\hi,:d ~lnd !"orllni! t 17 (J} (11 clt<J" ISlt!-- and 
fTe'pa1th"' ~h"T Tlbt:1 hHi~ It cnnl~h~nf'tH popuJatinu:-- (~~·tnhltl:-- a~ Ul FIf!. X) 1)MgTflfli ~ft ri:!ht ~h'l\" I)('r~ t~n1H~I' uJ "I(l~t 1~'J)("~f 

i ·L\hl~· :!. I HI ;~t'f\ t·d .i" an'\'~"; 'r\ ht hu':-' in unit p·t. 

widt'. At It'as! thirte('n uilits that cannot ht·lat· 
l'rti lIy corrl"iaH'd ar!;" t'xp"",·d ill 1he sout hern 
port inn of t h{' Puye fan I Fi~_ 1 I. two morE' in 
the p:l!'tern fan "'f!gmpnts. and yet another two 
in the northt-rn and proximal exposures (ex
duding two block-llnd·a~h p~'ro('la",{ic flow St' 

{jut'nn."": :'('{' ht>low I. In addit ion. pumicE.' and 
a"h "n!!", iWH' a :-;ignille;lnt proportion of Il1HIlY 

{'piela>-, it, dept)sit" and lacu:-t rine ~E.'dimeni~ 

(Fig. , l. 
Thl:' limilf·d cXj)osun' {lilly permits tlpproxi· 

mar i()n~ of depo",it di"per",al~ ha:'t'd 011 t he dis· 

t rihlll jOllllf maximum (·Iast diameters {Fig. ~J l. 
The hi~hly irrt'{!ular thickness variatiolls of 
O1o"'t fall deppsits aitogE'lher limit the usefuJl· 
IH.'~~ 1)1 jsoparh map~, Tbt~ contours fllr unit P·l 

I Figs. '1. ltIl and III her PIJ.\"l' lalls displa~' nudt· 
hut I"onsj"tent I rend,,_ Tlwrp is a l'y!'lemal ie easl 
and ~\,lIt ht-ast di~p('r~;tl. al~(, ('ommon tf) p()~I· 

PlI.\'e .1:\1\'(-' H'phra dt'po:;it!' I Wright el al.. 	 :!H 
iiI!1~Hh l. nm,..i~ll'nl wit h prohClhll' I'Ollrt'(' vent" 	 a 
z

in the nort hp;blt'rt1 Tschiroma dOllle ('l)Jnpiex. 	 o 
:It 

Ahundant <i{'('('%ory lithic dusts ill tht's(' pum· U 
:.c" 
Uice fa.lIs (Tahlt> :2: Figs_ X. 10, dosply resemble o 

Tsehicorna la\·a,.. t'Xpo'''l'd tot Ill:' nort hwest (SE'£' a: 

l('iowl. wht'rI'lIS I h(' Tschirollia dt-posits south
\\j',..1 of tht' fan I Fig. I, ,In' sulTil'iPlltlv differ
(,lit (,OIllPOSllloIWlly I'rom Puye 1ephras (David 
Broxto/l. per:-, ('oIlHlIun., J~)K!)) to pxclude them 
,IS prohablt, l-uUtct's. TqJhra dispersal patternii B 
a rf' also ('on,.:j,.:\ ('111 wit h po,..,.:ibl(' sou n.'('s in the Fig. I 
n'~ion of t Iw T~ >lpd!} Emhayment. This d{'pre!'. mati. 

rb~'oosion. bO\\'t'\"(·r. wllt'llwr a nlld('ra ur landslide 
Furm, 

...car (Fra,,1.'r (;ol"( pefS. COIIl mun .. 1!)~:;: Self £'t tany. 
ill.. 19~1; I, fOrllwd not lah'r I hn n :U; :\111 I (~nrd· Lut'fn 

Ilt-r t't a1.. I~hl; I. ill ]t'HSl Ii.:l m.y. t'arli('r than 
an.\· curn·ntly datt'd. £>xpn:-(·d Puyt' t(·phra. 

TIlt' !lort h\\t·~tprn Pm'(' fan {'xpo:,ure~ I Fi~s. 
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Fig. 11, Chundrite-Ilormalize-d (Haf!kin et a1,. 1968; Th(lmp:.>oll. 1982) trace·elf'ml'nt dial(Tam~ ("lImparinl! (A) Puye For· 
mation rh~~ldacite pumices and Tschicoma FOmlQtion daciu- la\'8s: (B J Puye Fnrmatioll upper gmU(J rhyodl,lcll~ pumict'. 
rhyodacite lava bloc:ks in proximal bl()ck·and·a~h flowf, (sc" t('xt l. and F.l Hf'chu('l..s Rhy~)litt' dome lava: and Ie) PUYe 
Formalion rhyolite pumices IG22. C9; Fig. 6). Lower Handelier plinian Immice. pumke ffllm pre·Bnndl'lier (San Dil'1(1l 
Cany<m I ignimbrit('S. and rang!' of PUYI' FQrmation rhYlldadtto pumices. Tr.chicoma and 1-:1 R('dlll!')os Rhyulitt' data from 
Lot-mer (1984) and Gardnt'r t't a!. '19861, 
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I. Ii) are ('!l'ar1\, pr(p:irnaL This ~S"u!)poned hy 
Ih(' prt'sencf' of (1) !.!fl·aIN thi('kll!',";~;!'~ illHl 

oH'ralll'()(!rsem'ss of pumin' fall dl'I}()!'ils, I:! J 

thick accumulations of coarse, lithi{'-dOl~li

nated pumieMus ignimbtitE.'li and aMl'rich,(ie
hris now dpposits.; !;\ da St'qlJ('nn of nt',lIly 
monolithol()~i{' blo~k-Cl!1d.ash flow dE'posits in 
t ht· upper part of I he s('et ion. lind (4 ) an owrall 
Pihl('ity of sht·ptllooo dq)osits that dmninatl' 
int t:'r-erupt ion S('qllt:'lH't'S alollg till' ('as1('rr: and 
!-iOlit hem port ion;, of the fan I FIg'. =>: \Varp~ba{'k 
and TurhevilJ(>. in (In'ss l. Puye deposits in lhi:
area also itltf'rlinj!er to some extent with sur
f<Ice exposures of Pol vad('m (iroup ICI\,<I:- ;lI1d 

talus breccias, rehH ion!'.hips elsE'where only dt>. 
tt-fted in tht, slIhsurfal.:e (Griggs, 19641. 

Andesite lavas in the Tschiroma center ex
hibit a f(·lted pla~ioda!\e·pyr()xen(''groundmass 
and phenocrysts of plagioclase. au~ite. hyper· 
Sf henl', and magnet ite ! Gardner et al.. 19~(j l. 
Dacite and rhyodacite 1a\'as, on t he other hand, 
Bn'typically vitrophyric and contain thf! as
semblage iIi ·hbl-qtz-cpx-opx-mt, minor apati1 e 
and zircon, and complexly zoned plagiocla~c 
glomeronystli with pronounced disequilihrium 
(siew) textures (Loeffler, 1984). Puye For
mation rhyodacite pumice deposits exhibit pet
rographic features similar both to the older an
desitt's and to t he younger, more evolved 
Tschicoma lavas (Manley, 1976; Turbe\·ille. 
1986). 

Figure 11 compares whole-rock t race-t'I('· 
ment compositions of se\'eral Puye Formation 
tephras with rock types {'ommon a8 Puye fall 
lithks (Table 2; Fig. 10) :;.nd with other ,J1\1\"f 
eruptives of similar agt'. Puye Formntion 
rhyooacite pumice~ (Fig. 11A j have similar 
cl)mpol>itions to T>.ch:roma dacite :lnd rhyo· 
dacite lavas described hy Loeffler (18R41 and 
hy Baldridge and Vaniman (1986). Horn
hlende-rhyodacite lava blocks in proximal 
hlock -and-ash t10w dl1posits Is£'e helow I arc' 
similar. compositionally, to tephras of the up" 
per group (Fig. liB). Fi~re I tC show!'; do~e 
similarities hetween upper PUyt' Format iOIl 

rh~'f)litP pumice falls (;22 and C9 (Fil!. fi I with 

pnnm·t' en Lnh' Pho('l'IW (pn,·lblld('lit:rI iI!
nimllTllt·s t'xpmwd smll h\ws! of \'nll!'>, II ('ald· 
pm ITurhevilk .>nei Sdf, HJKH I and Lower 
Bandclitr plinian pumice. respectively. 

In surlmar,V. flU' Puy,' allu\'ial fan prnilahl:
f('prt's(' 11 I S Ilnly n small proport ion of t 1)(' rna" 
H'rinl 1h.lt ma~' ('on('pi\'ahi~' han' hh'n Nupted 
('xplosiVl'ly frl'm t lw Tschil'Ollla and EI H(' 
duw\o;. dOlllt·I'-. or fr(.m H'Ilt..; thaI WI'fl' ohlitt'r 
att'd hy (ollapst' uf t 1)(' \"alles calderaI"-, It is dif 
ficult II' p.stim(ll<· t Iw VO!IlIlH' of juvcnilt.· 
pyrodastjc Illlltl"rilli prl:'s(>rvcd in lIlt' fan or the 
p(>rn'ntllges of tlwi\(, tephra:- dl'rin'd from in· 
di\'iduClllav/I dornt':'. H(I\wvt'r. Ill£' prinliu~' d(>. 
posits and f('cogni7.abh· ('rupt ion ~('4uenc{'R 

~lIggf'gt t hat a minimum of fiftc>en ~mall (0.1
1.0- km' I (');plolllv(' <-rllpl ion~ ac('ornpani('d t hI" 
f!rowth of 1,lnl dome!; in th(l nortlw;.\stt'rll part 
of the Tschicoma volnmi(' ('('ntn. in addilion 
to two ~igniricant ppisodes of nil ranian :lcti\'ily 
prohahly aSl'>t)l'iatl~d wit h gnwit ·,tlOna) lava 
dome (·ollap~e. A)"o, at least I hn'l' ('xplosin' 
erupl ions pos!-iibly assnciah~d wit h lilt' ~·Ollnf.!er 
EI Recinwim\ Rh~olitl" dOIHf!s (l.ol'ffln (·t iiI., 
lHSR) are repre~t'nted, liS wei] as two plinian 
depoRits from source:.: now burit'd lWfleCit h Valles 
I I Caldera. All of this activilY occurft'd between 
about a.5 and 1.9 Ma (Manley, !!JiG, 1979; 
Turbeville. 19R6). 

Characteristics of pyroclastic and 
associated deposits 

RlryrKiaril1' pWlli('c falls alld r"'alr·d dcpll.'iits 

Pumice fnll deposits> in t he Puye fon vary from 
lit hic-poor pumke and ash fall,.; (Fig. I()) to 
crystal and lit hic·dominat€'d rail dc·posits with 
only l'uhordinRH' lImounts of pumice (c.f.. Fig. 

(. 

8. fall unit P6)' These feature!'; aT(' distincti\'e 
of falls pwduc€'d by suh·plinian nnd \'ukani::m 
t'ruptiolls. rt'l'p('clin'iy (cJ.. N(>whall and Md
~on, 1!;I-\;!; Heiken nnd Wohlet7.. 19/'\7 l, and SUJ.! tl 
gl:'st that hoth typ<,!' of eruption commonly ac" d 
companied the growt h of Tschicoma la\'a c( 
dOl1ws. In aodit io!!. IIllls1 I'lI~'t' h.lI" ('Oil win a In 
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f.. Fig. ('ontoured field!; are Walker's I 197:!) 1l4!rcent.ages of pymclastir fall dl'pusil.S studit'CI wuridll.'ide. 
nctive 
:anian wide assortment of distinct ive juvenill' and ac· eit her an upward increase in the proportion of 
:} Mel· cessory dalOit types (Table 2)' and an overall dark gray or handed pumice in successive fall 
Idsug· trend is apparent stratigraphically. At least dt'posits or changes in the proportions ofpoorly 
nly Re· three conlOit'clitive l'equences in the lower group vesicular juvenile material and pumiceous ae· 
1 lava contain pumice falls (Pl. P~. P6; Fig. 6) over· ce~sory clasts I Fig. 12A). The apparent cyclic· 

lain by ignimhrite_ Each ~E'quencl' exhibits it~· is a1..::o reflect{·o hy grain-size dHta from ho· 
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Illtl:,!("nl'\'Il" Ii,\', Im;;radt·d. ma""jn·I:, twr\,h·d, 
parboll·.lIh lallllllli (Fig, I:!B,. \'ul!\in·jall, 

... :>1 lilt' \)a",· "\l';il"b ~l'qIH'Il!"i' appt·.lI' to Ill' IIJO lei 
.!rutdy wdi g',rtcd and riell ill ('T)'sials clOd 
highl:--' H~:,iC'Ul:u' hhl·hdjt':lI'i!l~ IIHmit"t<'. OW'f' 

lvill~ IIni", arE' ptllgtl'""iq,I\' hell (If '" IrI.,d. t'" 

]wcialh' P7 ,hal robo Iw{ IIIlH'" mill'!! filwr· 
I!r,jilwd ;lIlcl ridH'r ill Iwn·\'l':,lnrl.lr ~!!a:-", 

TI\I'sl' I rPllds ':'l;i!!!t",1 slu"{'pssi\'l·h· high('r 
w;lter ,'Olltl'llb in ('rup\;,1!l (·n!ll111n,...that ("I)uld 

lI:wl' init i;lU,d pr,'lIwt lIrl' (!t,I''''''!! i'm III' ti,wr· 
),;raint'd i1lillerial and wlluld haw' dralllalicalh 
!,m'{-red erup' lun ('olu III 11 Ill'i~hl" (\\'alker, l~t~1: 

B. Houghton. !wr,... t'1l1111l1t1l1.. IHKh I. l'OllllllOI1 

\ ran"il iOIl~ 1)('1 Wt't'!1 phn';lI"l1wgmat ic aml p,n'· 
dominantly magmali,' i\cli\'il)' have hpt'll dol" 

ument t'(\ fwm donI(' f'flJpt ions ellwwhl'rt, (I h'i
kl':l alld \\'()hlet 7., JH~';" l. Tlw!'-f' data: how('\'('r. 
do n<l! l>Up:)t}r\ ~ hI.' su~ge~t ion I hat ph ft'Htolll:lg

lIlat it' <1('\ ivity need alway;.. he prl·(.'ur~ury to 

lI1agmati<: eruplion!'- from ~rowil1g o()m('~' In 
addil i~m. if suhs(·qut·nt f:'ruptions had lapped 
df:'t'pt·r. mort' \'01<11 ilE'-poor 1:IlI).(lJla. I hE' rl'sult . 
ing eruption plume:-; would also havt' bl.'t·1l1vWN 
and le~" dfectin- in dispersing ('oar:-;t' dast;.. 
(Carey and Spark!;. 19Hfi l. Omst'tjllent column 
l'\)lIaps(l or ash fOlllllllining (Sparks and Wil
:"011,19'16; Sparks PI a1.. 1978; Horn. 1!J8G I mighl 
be expected t\) ba\'e prodm-ed thin hut wici(:>
:-;pread pyroda:,tk 110ws ,l!:,;O rich in poorly q';..

icuiar juvenile glass and la\'a lithil'S. 
Pumice dl'pol-it s aft' morE' dus{>'y spaced 10

ward the top of the lmn'r tephra group. Sl1~
gt·sting I hal t'xphJsin' aCIl':ity may han' ill-pn 

ilccelerat£'o durmg Ihis period. {'ulminal ing wit h 
f'mplacemem of t hl' PUYl' ignimhrit l' 1 Fig, ti I. 

r 
This posf',ihl(' inrr('a~w in I hl' fr('qllt'nc~ of t'rup 

te I ion" is al~o rel1focl ed by ;I)'soeiat ('(I t'pida:'t it' 

:.,.... , 

d'fl,jsib; ,hil·k inti·, 'PrIIl't ion ~t'!fw'nn'" of 
IIHHlllow" "{TUr a lid sllt·(,t 110"d dt'p0l-;!", ahllll 

dant in ~t'qIJ('Ill't·~ 1",low, hl.'COllW 1(',,:-; uJlpar('nl 
upward, AI!'o, debri.s flow deposit:- ilE.'cotnl' 
thickt'f lI(lward in t hI' j'an nner pn'({omin:tll' over 
elibl -poor 1I)\)(ll1ow..-. TI1(>sl- 'r(' rHis r~·nl·l't in· 
en'as!'s ill sourn' arl'a n·liel' and prm:illJlll ran 
~ll)pe and S\;I!!!('sl ;\11 ir.nt'lls(· in the am.mlll of 
("nIHS£' vokallidast iI' IllaH'rial availabl(' t.. llw'+' 

no·,n;. A" hint hY tallls l-:'PI'l- art' virtuall\' uhiq· 
llilllllS f('aluft:s of vult-Hille dona-s ; \\'iIi i'II11l-. 

1:1:\2; Host'. i!tR7 L Hil inCrNIS{' in I h('jrNlut'n('y 
of {'X"plusin' erupt iOlls from Tschiumw domes 
1I1\I~t havl'j!f('at 1\· l\{'('(·It'mtNi till:' lHO\'t'lm'nt of 

lmge \'()llInlP~ of poorly ('onsolidat(>d matNial. 
proximally r{'pn'st'llll'd by \('Ty ('oars{"grllincd 
d,:-hris H\'at;,lIl{'h('~ and h\od.; ,and·ash p:--'roCl;I~' 
tic flows. and distall:--' h~' !'t<lckt'(l clast -sup· 
ported dehri~ !low deposits (Fig. !»). 

l rppt'r tt'phra group purni{'(' falls at(' ('Onlpar

mi\'ety {hid. wnt>r(' preserved (l-~ III I in ('X

pnsurE'S up to:W kill from source. I>l'posits aTe 
frl'quent Iv w'lft·r·lain ami rcwork£'<1 in distal 
f'xposures (Fi~. Ie J. :-uggesling an inrrl'<1st' in 
l1\Jvjal activity and lukl' d{'\'eloJ)nwnt ilion/{ the 
fan toe 31' the Puye fan maluft'd (Fig.:~ I. Th£'!'e 
falls conI ain Ii variety of cognate and :w~'ess()ry 
lit hie types not observ£'d in the lower ~r()up 
ob"idian, apatite-bearing banded pumice. and a 
wide assortment of highly porphyriti~' rhyoda· 
fit it' clasI8 - and (lccornpeny an aflpar~'nt up
ward increaSE' in the proport ions of qUHrtz- and 
saniditw·ph~'ri{' Java \last!; in ('picla:-tir SE'

qlH'll('es I Fig. 4B \. Pumice lapilli in tht' airfalls 
i11~11 t£'nd 10 he mOft· nphyrit" and tilE' pt'tcent
agt' of dark gr<ly :!-pyroxCIW purnic(' ('vic\€>nt in 
100\'('r group d('po!"i11" (Iiminishe::- upward 
through I h(' uppt'r I{rmlllS. as doC's thE' propor-

FlO! I:l. ..\. (;ra III "'li"~' .rll!l!! pro .11 It· I hr..lt/!h Ill'!"" ",;\,. F"rlllill"'1) rhy"lil.· !")nu...· t.1I (~:.!:.! I,..N· FII! Ii t; lIt!!lll"", ", rll:hl 

'If c..llllnn rl'l,'r I .. tIIdl\'id\l;d ',111 \In·!!- ('\'I"h"I':I' in FI;:, '" I ll,a)!I;'nll' HI fight 1!1\'I'III'rn'I1I:11!(,~ ..r Illnml,' '-\"..1 fyI"'" III 
ill .....·r !,Ild up!'.-r I.tli \IIU,', all" I lot· '''''mil I'r"pllrll.. l)~ .,1 iJ. n",.. .. f\ hl!lIl' Iq ...,,; ",,1«' It.al rlwn- an' fill I'IITrt·"Jl •• ndllll! hlhk 
da~' !~"P~' I l.I' Tahl.. '! till I'U\(' F"fnlllllllll filll~I"llknllh .1t'p"'II' 

Il. !'r;,fil,' t hr. ,\11th UPI't"f I'a", F"rlllal',," rI,\ .. ll~'· 11';1111"" lall ('!. ,F '::,. Ii. ',1)) >illd IIt'H"'llla!!," "I "I",., I \'f"" "I ....,nt·" a' 
"\,., .. ,,,,,~\' hlhl<',.. Lllhl<' ";;-11\',,,,, Ir..m hOlh (;~':: and 1."1 art' -"'oIl,lr 1.. la". In!HlI,,!!!,';' fl·p .. r,,·,J Ir..n, II", 1',,111;1 I·.m~'..n 

r..rm,lli .. n ('XI'>1'''" "Illlh and \"." ,.t \;dj,.. 1l1·:.ldl'r,. I (;:<flillI"r.·' :11, I!I"'" . 
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11"11 •• j hlnd,\, ;!1.1"~\ nlilll'rial.lllwhbllOIl. tl\(' 
.1"1''''<11" an' gl'lI .. r'.II~' li1hic'poor and l'<lIllpar' 

ill iH Iy en ridwd in fr(·(· cry:-;t HI,; rela! i \'(1 t () lin it!-> 
below. Thes,' leature:-; !->uggest marked changes 
in I Ill' ;):11 '.1ft' Ill' (·xpl,,:-iq· fflJpliolll', 1 hal proh, 
:11>1\ 'hT'llllpdllil·d ..h'III;!I'" ill Ill<lpllH t'olllpo"i, 
1 ion 1;lIld rhf<olog\'j illllH' T,.'I'hicoma volcanil' 
n'nlt'r (Hallin"!;!t· alld \',m illUilI , 19SIi L \'oin 
"id,'I:' "lib 1'.'I"lru"i'lfl ,,! tla' EI Hc·dlllPIc .. lih\,· 
nlil\' <101111'''' 11.,lf'Jllt-r pI aI., I:l~ri) Sill!'i!' II', t.· 
pllra (J..PIJ,~it" III IllI' 1'1I\(- Formalinfl [lI'r,.,i:--1 

llP\\';i rtl 1" IIH' tll,>j ,;1. II 'PlIt' (' ro"ioll :'ourface (Fig. 
:\ I. "!lII"It!I-f\',j hy \\·arc·"II'lI'k I 1!1H.(i 1 tn n'lHe' 

""1\1 onl\' m:!l<Jr ('st':lrplllent rt'trl'at prior to 
t'lllpbn-Ilh'1l1 III I lit, !..owl'r Hand(,jipr TulT ;IP,

/; 	 pr(\xill1ah-l~' I "l;'i :'\1:1, 
~("t'fal ha",dri,' phrt'atllmaj!IllHlic Nllption~ 

'II'Cllrrt'd ciminI! til(' <it'P' .,.:it ion (;1' ;U1UPIlC'r Puye' 
1.l4'II,;t rim' H'qut>nn' I Figs,;j (;: ail;o "Cult'lna" 
bk(' el<i\ of Kt>lley. I!I;ll; I, Tht'St' ullilS illt{·rfin· 

,}!t'T wit h 1'\1\'(' tl\l\'i:ll ~ra\(>ls Hna lak€> se(\i
ml'nl~ in Ihf' ,;uutlwrn portion of tlU' fan, and 
n·!1{'I'1 I lll' d(l~(' "",,,,ocia! ion ot'Tschiromn· Pu,\'(' 
seoim(>lltatilll1 ane! phn-:llomagmatk activity in 
t ht· C('rrn" dpt R in \'tlkank fjeld (Fisher f't al.. 
HI~·11. C"ar:"f' dt'l)ris nllw depo,.;its dominate the 

". ~ 

UpPN Pu\'e F•• rm:lI illll ill ult'dial and di"tHI fan" 

:. .. ~' , , 	 s('gnwnt!' and 8ft" t>\'{'r,\'where associated wit h 
" pumicl'ous t1u\'ial tlrld larusl rine deposits 

! \\'arei'ha('k and Turlwdltl'_ in press l. again 
~u~g(>"ting till:' illlpllrtanCe of mass flow pro· 
CP';Sl'" {along wit h Cl-rro:'o del Hio hasalt ic (,flIP
I inll'" ) in illt1Ut:'IWillp! loral drainagt' p:t1tNn,;.. 
:\1;111\ of tlw nludf1l1w;; find nehril'\ /lows wert' 
t'mplan,'d sui IHljuevusl\' (\\'ar~sbat'k, 19F.G 1 and 
\':m fit, tr<1t'('d upfall til latl.'mll>' t'qlli\'aleJlt 
pTI)ximalldock·und·a,.h sequen('('!'. 

I : 
H/i ... ,,/il.' purll((,,' (oli,.

I : IH:\',dil(' pumin' fal]" occur in t\\'() Hrt'H~ HI 

I he I np or til(' I'un' 1:111 and art' both overlain

I: h~ 2, ..1 TIl (,I' f:'picla,;t ic m:lH-rial (llllit~ (;:!:! and 
{ 	 (';1, Fi~, f) ,. Tht,,(, art' di", inn from ot Iwr Pll:W 

IPphras. all htltl!!h 111(' lirnilt·d l'XpOSllrp or f'Ach 

n'll(kr,. tlwi r ""ITt'I,,! inll eli !fie-lilt, t 'nit C:!:! i:

! '211 I'm thick aud ('('I1,;i~b 01 ;,IX talillnit:-. each 
St'P:lTalt-rl hy 0':1·:1.0 nil "h(-r"/illt'. crystal·rich 
ash (Fi~, 1 :lA /. This dt'IHI!->it ('ontainf.> dist inc, 
tin~ aphyric tuhe (capillary) pumice with vesi
de" or MIWl't ratio" 100: 1. Thi~ jm'('nilr cla:,,\ 
[ypt· hal' lilli,' hl'(-1I oh"prn'd ei;.;(>\\ht'rt, in I hI' 

llrt" Handt·lit·r San I )il';':o Canyoll i~llimhrilt's I ,n 
t Iw ,..oul hWI',;tt'rt\ m;,rgin 01 \'allt·)o. II ('aldl'w 
(Turl!"\'illp and St'lL ;n pn':--'; l. 

(';ippmg I Ill' I'u,\'{' Formalinll ill tll(' central ,I 
port j')Jl or (1)(> I'm: is <I "( ('IlIHlllllit i (:9, Fig-s. fl. 
ll> I. H :!r)o-cHl-thick rh,\'nlitl' pumin' fall rest  I 
illl-! on a eli"t inctiw f\·ddish c1a~' hori7.lln_ Silky 
\",.hiH', slmidinl"phyri(' pumic(' in 1his depO!;it if; 
ehplllit'all~' and mor"hllhll~j('all,\ indi:-;tinguish 
ahlf.> from pumice of Ilw I,uwer Bandeli(>r 
(r.uajf.>I plinian Ot'Pllsils (Fi~:, lie t that (wer· 
ii(' the PU~'(' Formation in this BreH, Unit C9 is 
dist inj..>'1..li::.lwd from t h(- (;uHjt' pumice fall hy a 
hij!h mat rix da~' ('onlt'lli. ahs(>nI'p of as:-;nrialt,d 
i~nimhriH). overall finer grain size and hetter 
sorting. and an anlmJalnusl~' rry:-;tal-I.'llrirhed 
lowpr fallllnil (Fig. 1:H{). TIl(> nhsf:'n('(~ of t uhe 
pumic<' and l'hemil'al dissimilarili(>s distin· 
l:,'1.Iish the unit from pumit-f' fall G~2 (Fi/!. 11 C L 
alt hough hot h unit g sug,gt'f.>! ('ont emporam·ity 
hE'\w('el1 NUP! ions from the Ts(' hicoma/EI Hp
chuelo:-; domes and rhyolitic ignimbrite-form· 
ing ev('nt s ill I hHt'nt ral.JM\'F (Turbeville and 
S(>II. lHSK I. 

T\\'!J thin igllimhritf.>s {Fi~. Ii) in til£' lower 
I ('ph ra ~roup occur Ill't wt't'n ('oan:f.> -~rainf.>d. 
lit hie-rich pumic(' falls nnd are ('omposed pre
dominant ly of J!ray :.!-m'roxene pumice, Th(' 
ignimhri!es each ('ollsil'1 of a n·la! i\'ely homo
gt'll!:'lIUS main now unit and s{'\'f.:'ral finelv strut
ifi(·d. rim'- to ('lIar!<(")!rained pllmiceou~ lay('f~ 
thut vary from lithic-rich to lithic-poor and ex· 
hilllt "light pirwh,and.s\\'(-l1 f('ollrrps, oft£'n with 
thin int{'r'\'enin~ ash laYNs (Fig, (·1A L Tht'se 
iJ!nimbrilt'!-o are ::-imilar til <i<,po:'.its attributE'd 1<1 

p\'TfldaSl ie 110\\':' t ran·ling in hi!!hl~' tluidiz('d or 

h 	 d 
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PUYE [~ Pumice-Flow 

IGNIMBRITE ~~o'l Lithic-rich,4. Main Flow Unit 

DASh-Fail 

~pumlce Fall 

n Lake/Fluvial
USedlments 

It1 Clay-rich 
. _. DebrIs Flows 

Fig. 15. Facies \'atiations of thE' Puye ignimbritt' l see also Fig. 8); note especially the lateral variability of listi(')('iated pumice 
nOWf; and fall dt."po~it.s. and westward transition of main flow unit due to subaqueous E'mplacement.. Clast si1.E'!" n(lt to !lealt'o 

highly energetic flow regimes ("low-aspect ra
tio ignimbrites" of Walker et al.. 1980; Walker, 
1983; Wilson. 1984). Both units exhibit consid
erable lateral variability within relatively !;hort 
distances, and in proximal exposures are much 
coarser-grained. massively bedded, and more 
lithic-rich than distal equivalents. 

The Puye ignimbrite of the middle group also 
e-xhihits considerable lateral variability yet is 
consistently represented in different exposures 
b:, a 2-5-m-thick, wry lithic-rich main flow unit 
(Fig. 15). Underlying deposits vary from coarse. 
lithic-rich basal pumice falls (Fig. 8) to very 
coarse, clast-supported pumice·flow deposits. 
The main flow unit is non-welded and contains 
8 va riety of large ( > 4 (I em diam. ). angular t n 

sub-angular lithic clasts of Tschicon1a Forma
tion andesite and dacite lavas (Fig. 14B) with 
small rounded pumices in a matrix of pink ash. 
This unit has a sharp basal contact with under
lying pumice deposits. but a gradational upper 
contact with the overlying pumicE' flows. The 
entire sequence attains a maximum thickness 
of about 10m in channels «Fig. 15). The Puye 
pumic~ flows. and H thick sequence of largely 
reworked, coarse-grained pumiceoul' deposits 
immediately below the ignimbrite ("older pum
ice-flows", Fig. 6), vsry from matrix-supported 
to pumiceous clast-supported and contain large 
~ up to 70 em diam. }, well-rounded, breadcrust
like pumice block::; (Fi~. 14C) in t'xposurf.'-S 15-· 
20 km from source. 

I~______------------~rl~ 
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TW!llhlt k hll,,.k:wd·a,,,/i Jl()w St·qlll·nt'" .... 01'· 

nil III t t\\' proxilllal UP'WT Puyt' Format ion 
I Figs. :), ,i /, Tbes(' S!·qul.'llt:es art' infornwlly 
cit·signal E'ollw Espanola and Santil Clara blnck· 
and·n..;h d(·l)l)"il.~. Tlw~ dilh'r in appl'OTaIWt' and 
dt'po:o'i! ('/lil raet t· Tisl its, TIll' [':spanola S{lqtHtIlC(' 
!,,' Ii', III thick lInll ('on..,i:-Is (If at Icast six flow 
units di:-lingllishNf h\' s\'mnH'trical and reVI'r,,(
grading (If Ll rJ..:(', slIh;mgular 1:1\'<\ dasts. All lin i l", 

are ntmwE-lded. hut ~1 ron,::ly lit hifit-d. ann g-radl' 
13\ (>rall y 1l nd v!' rI l<';i \1:-' t I) \'NY l'oars(', 
plJlylithologi(' dehri;.. now cit'posits with pre
do III I mUll k n·d alld gray porphyri Ii(' dacite 
j,'ml<ivr:-. \..;1,1111";; 111 diall1.) in an indur<ilt'd 
pink a:-;h mat rix. 

Top O\'('r!ying SHIlI;t (' IMa sequence t'nnta!lls 
1:1.;") III oj whitt,. almo,.t monolit hO\bgie block
and-ash depo~its with six unit~ separatt>d by 
t hi 11 layers of tlmially rt>worked ash. These de
po"i~::; an' £list inguished fr<ml t he underlying 
E"pai'io\a ~t'q\H"n('e n.\· the poorly consolidated 
nat me of l he former. the overall white tolnr, a 
tnonolil hologic hornblendl'-rhyodacite bouJd('r 
a~~emblagt' (~e(> Fif!, lIB)_ and a comparati\'ely 
high rat io 1)1' matrix ash tel subrounded blocks 
(Fig. 14D I. The fluvially rewQrkt'd ash la:-'ers 
do not contain aoundafll detrital material. sug
gesting fairly rapid emplacement of successive 
now units, 

Discussion: eruptions from lava domes 
and evolution of the Puye Fan 

:,'lost Puye Format ion eruption seqUE'm'es 
SUj;g£,sr tram;itions between phreatomagmatic 
and predominanlly mal'mati(' (subpJinian and 
pliniull) art idt~" similar to lava dome erup
t ions documented eb;f>where (Heiken and 
W'lhletz, 1987}. Pumice falls of the lower group 
rarely exceed 2 m t hicknt's)o, (even in proximal 
l'xposurt's J. and ('omm()nl~' exhibit highly er· 
ratic variahility in grain size. sorting Hnd de
posit grading. sug~~:;tin~ fallout from low, rap
idly nlJ~tuaring erupt ion columns rat hl"r than 
from ~ustained plumtos. Fall deposits are gen
erally poorlY Hortt'd p<UliclIlnrlv in hasHI fall 

II nill'. al It·,..t ill!! 1" t h~' prl'mal tIft' tltl:o'hi IIg Ilfash 
Irom w:Hl'r·rich ('oJUIIlIl:-. Th,':-:t'Ullil:- "Isoeol:' 
lain abundant poorly \.'(~~iculnr jtl\,(~llil(' mate
rial pos:-:ihh' forllled b\' qllf:nehin~ 01 magmas 
pri. Ir t" \'l'l"H'lllat iOIl. "11<' nOl'rV~Il' t \"IHcally <ii:-· 
Illay t'\' jdt'n('~' of i Ill'! HIlJ: It'l e disfi ggwj!;·t Ion from 
Ilo!'t Illllllin !!lct,.;s. ffllcllihtoralt·d cr\';;lals often 
h:I\'{' it Ian!!.' Iwrn'nt a~w of I!iH!'S mllwri n~.! I n Ih('ir 
:-1Irfnct':-., s\lgg(':-lln~ illt:flil'ient magn,atic frag· 
lIwntal ion and p()sslhl~' I(·ss ,:·,;plm·i\'(' (fUP 

lions (~lf'Y{'f, HI";':.! I, Highly porphyritic cog· 
nate lit hies. var:.ing from den!>:£' In rnoderatel~' 

n'si(:ular, ,HI" <lhulldant ill 11l0l't Pu:-'(! falls Cra
hi!' 21 and fl':-'('lIlhle "('orapa(:(''' ·like- material 
dl'!;cribed Iroln \'ok~lnic domes Hnd obsidian 
lava flows' Fink nml Manley, 198";'; Heiken and 
Wohletz, 18H'; I. Similar dasts art' Rlso ahun
dant in ignimhri!(:'s produced h\' t he:-e nupt ionR. 

The coars('-grailwd PU:-'p Format ion pumice
flows, de Ill'(' hloek ·and-ash pyroda~l it' flow!', 
and relnt i\','ly I hin. lit hic'- rich and w£"lJ strati
lied ignirnhriH's (Fig. l~ I furtht·r l'lIggest that 
vulcanilln and stlhplini<lt1 E'ruptions WE'rt' pre· 
cursory to and I]('companied the r;rowth and 

possible epi!;odic collapse of I)Ort iOJlF of Tschi· 
('om a 18\.'6 domes or oversteepened lava flows 
tc.f., Rose et al.. 1976; Nairn and Setf, 1978; 
Wright et 01.. 1984a). However, sewrat of .he 
upper tephra group depusits may have been 
produc('d hy more violent l~' explosive erup
t ionR. approachi ng 1he dispersal charact erist it's 
of plinian aeli\'ity lWalker. t9Rll.lInd t.he up· 
ptr group rhyolite pllmil't' falls (C9 and (12) 

an' alml)st {~ertainty of plinian type. The pres
ence of mull ip!£' fall units ofeven thickness and 
the paucity of poorly vesicuiar jm'enile clasts in 
t 11£'5£' t hick(>r rh\'olitic fall deposits attest to this 
prohahilit:-" Unforlunat('ly the limited expo
sure of these units and tht' highly unsysrematic 
variations in thicknesl' of most Puye tephra de
posits do not p(>rmil a pr('('isE' E')olt imatE' ofeit her 
the dispersa I art'H (D I or fragm('llIlUion index 
I Fl of Walker (19ial. 

The earlit'si t'xplo:.ivE' aet ivit~· rl'pn's('nted in 
t he PU~'{' fan i,.. :-:.Iwwll b~' s('vt'rHI ('oar:-:.t'-grained 
rh\'oct<l('ill' pumin' tails and thin IHll1liceoll!'> 

• 
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murll1l)\'; dt~po,.ib, Tht'h<' debri:-;-hHlcn mud
flow~ apparcmly d&mmed the axial drainage at 
the fan toe, forming a widespread lake (Fig. 3) 
into which ahundant tephra accumulated (Fig. 
7(1). ScackE'd pUmiCl'fl\l:, mudflows form a 
pmrninf.'nt 2-:1 m thicK apron around the Pl" 
rimeter of the Puye fnn at this horizoll (Fig. 6) 
and ure cor~(,lati\'E:' upfnn with thick sequellces 
of inler\wdckd pumin'owi sh('{>tflood filld 

1 
..... hra;ded stream conj;lomerates. Sevp.ral eXlJlo

SI"'!! eruptions art-· ret'orded in the lower "5-50 
m of the fan, each sequenet' consisting of two or

I ; more pumin' falls, thin ignimbrites, and highly 

r>tlmi{'e()u~ mudOow deposits that represent 

laterally remobilized portions of primary te

phrfl unit!', These sequences Bre separated by 

s('ver,tI meters of sanos, ~ravels. and con~dom


'.! ~ erates deposited by channelized streams, sheet
'f. 
,! ~ floods, and mass flows (Fig. !);. 

Explosive eruptions cont inued as the fan 
prograded eastward intu the Espanola hasin and 
were accompanied by inert-ases in thl~ propor
tionl' of coarse debris flows <lnd coarSE' pumice
flows. many of which were rapidly reworked 
upon emplacement. This period culminated 
with eruption and emplacement of the lithic
rich Puye ignimbrite and accompanying pum
ice and ash deposits. Following this event, coarse 
debris flows charactprized much of Puye fan de
position. as abundant material was being sup
plied from proximal dome breccias. Fluvial ac
tivity was apparently accelerated, probably due 
to cycles of increasingly efficient incision across 
the growing fan surface. and lacustrine systems 
again began to predominate along the fan toe 
as drainage patterns were disrupted by episodic 
sediment accumulations. The well preserved 
nature of most deposits in the Puye fan (espe· 
cially mudflows J and the lack of evidence for 
abundant vegetation in this semi·arid region 
(Kelley, 19i9:Manley, 19";'9: Dethier and Dem
se),. 1984) suggest that climatic fluctuations 
wert' not significant during this period. hence 
mo"t sedimentary proct'sst'!' in the fan are more 
feasihly attrihuted to changes in volcanolo!'ical 
and tf'l'wnic reg-imt's. Cont inued silicic emp

tion8 (rom tIlt' THchimma/EI H(>chut'/UH cen· 
I ers, and simultaneouli bal'ldtic activity from the 
terras del Rio volcanic center, resulted in the ,.coeval subaqueous emplacement of ahundant 
felsic and basaltic h-phra. 

The proximal hloek ·<llId·f\!o\1! now ~equ"nces 
attC'st to at 1(,8st tWI) episodes of \:ulc,lnian ac
tivity. J)rclmhl~' ass(wiatt·d with th(· gravita
IJOllal ('ollap"'(' of unstahle port ions (Jf a !it ho
logically dist ind ivt' hornhlendt>-rhyodncitt- lliva 

'Idome that ha::; nOl yet heen identified in the 
Tschicoma vn1cank (('nter. Thest' ppisndes are 

\:..aisll refk('l~d distally in tlw fan by coarse
"JJ!,'rained. near monolithologic stacked dehris flow 
alsequences that dmninate thE' upper parts of tbe 

Puye Formation (Figs. 5. 7C; Waresback and 	 c~ 

sI·Turhe\,j.lI~, in press~. 
piVolcanogenic alluvial sequenc('s like the Puye 

Format ion prest'rve excellent records from vol· Sll 

tilcanic terrains. An estimated 11)-16 km:l of 
dtlargely Tschiroma·dl.'rived volcaniclastic ma

terial currently rt'sides in the Puye fan and an 
undetermined. but undoudhtedly significant. 
amount ofsediment exists in t he subsurface be
neath the eastern edge of thl.' Tschicoma massif 
(Fig. 1; Griggs, 1964). The large varietyofro~~k 
types found as Puye epiclasts (Table 2), com

tio 
pared to the much more restricted suite ob tat 
served as Puye airfalliithics (e.g., Figs. 8, 11 ) pIe 
or among Tschicoma lava flows, strongly im disl 
plies the former existence of a lithologically fle( 
highly variable northeastern Tschicoma dome adj.
complex that was rapidly denuded following con 
cessation of volcanism. Topographic con salt 
straints suggest that much ufthe material shed 3ten 
from this complex was transported by east clal' 
ward-flowing drainage en route to the ancestral wh(
Rio Grande. However. the fairly high rates of inOl 
aggradation evidt'nt from the Puye fan, due to gins 
the sporAdic ~mlilahility of water in this semi enCl' 
arid region and gradual down -fault ing in t he as supp 
sociated depocenter I Espailola ha~1O of the toni( 
central Rio Grande rift l. grl;'lltly enhanced the hnsir 
incorporal ion of much of this mnlerial into thE> speC! 
Pu:.;e Format ion. j('at u 

dt 
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('onclusions 

Frum this sl ud~ 01 pyrodma it' :lIlits ill till' 
Puye Formation. north-central New Mexico. we 
can mnke the f.,ll.n...·ing ~·ondll~jons conn'ming 
t Iw Late I'IiOl'en~.· ."Early l)lt'~"H)l'lm{' eVulUli(Hl 
of t he Jemez MOllntaim, \'okani(' lidd.it(' 

ita- \ 1 ) The I'uye ailuvial system (·f)ut.ains > I:, 
kill' of \ oll'<lIlwiasl ic material ot'ri\'t'd almost110
t'xdusively from the nort ht'astern p:Jrt of tilt''lve 
Tsdll('oma \'ok<ll1ir l't:'lltt'{ <lnd rt'('urds eXpll). the 
si \"{' vokanil'nl and tpidilsti{' sedimcnt ation diart> 
fl'ct I~' f(·lat t:'d lot he growl h of 1,lrg£' lava dorm-I'. 

'M" 
Ttwse darit i{' and rh:-'oda{'it it' d()nH's s\lpplied 

low 
ahundant materwl to t ht· fall in thl:' furm of

the 
coars(' epicla~t~ derived from proximal talus

and 
slopes and pyrwlastic material emplaced as 
pumi{'(> fall~ ani pyrodastic flows, At least 15 

u}'t' 
~mall·magnit ude (0.1- U, km') explosive erup

\'01
tions from the north<'3stern Ts(:hicoma lava 

• of domes ·are rl1corded. as well :lj; t\\'o episodes of 
ma \.'ukanian blork-and-a~h flow, possihly associ
l .. 

ated with gr.n·itational lava domE' roll apse. In 
addition, tht· far. rontain!'\ rhyolit ie and ba!'ah it 
tephra derived from SOllrre); outside of the 

Issif Tschicoma center. 
rock (2) The re{'{)gnition of cyclical Puye deposi
om-	 tional sequences ~reatly simplifies an interpre
oh· tation of eruptive events from this dome com· 
11) plex. The Puye Formation represents a 
im distinctive depositional me~aseqllence that re

:aUy flects contemporanl:'ous volcanism from two 
lome adjacent volcanic ct'ntl."rs, th(· Tschiroma dome 
wing complex to the west and the Cerros del Rio ha· 
con' saltic field to the south. The Tsrhicoma center 
shed steadily supplied lar~e quantities of volcani
east clasl ic material to the prograding fan system, 
·stral whereas volcanism in the Cerros field stronj:!ly 
es of influenred :::edimentation from the hasin mar
ue to gins. Preservation reflects the combined inf1u· 
.emi enres of a contin\lous "'o1caniclastic sediment 
leas· !"upply in a semi-arid region and post-4 Ma tec· 
t' the tonic acti\'ity (down-faulting) in the EspaflOla 
d the basin of the central Rio Grande rift. In this reo 
o the spect, the fan is also an integral strati,.;raphir 

ff'at ure of t hi~ mlljor int nH'ont im'ntal dpprt'~-

~ion and i1'> ('SSt· III sally ('(,Iltemporam'olls wit h 
~'t'H'r allu.... ial ~yslems pxpt)Setl altl"ng the- ftn. 

I:{) Vokanogl.'ni(: alluvial facies as {',ml

pietely preserved as the Puye Formation are 
IIll'" IInmon in I he ~t rut i(.!raph ie n'cllrd, suggest· 
ing that :.u('h ~t"t1tlNlt:t!S gerwrally haVE' \'f>ry It)\\" 
prI:'H·r....al ion potentiul and that t h(' PUYE' allu· 
vial hill IS th~'refore somewhat unusual. Rela
t i. Ilbhip:-: IIi'I \well volean i,·lw·;t ic s(>lllwnn'S and 
t111·lf !iUUfl'el'. however, are rarely as dear-cut 
as t hat of til(' 'Ischkom;l' f'uy(' systt·m. Smlilllr 

seqUt'nC\!!i are pr('!'t'r\'(~d ill more complicated 
volcanic {('rrains (Hay. 195fi: f'hri!'tiansen and 
Blank, 1972; Frilz and Harri!\on, J!J~:\ Smith, 
HJ~7: Smith el aL, l~l}\';') Wht'fC ri('vcral volca
nogenic aprons overlap and coalesce, forming 
widesprt>ad vukanicinsiic se~Uf'nces ..,. WOO m 
I hit'k. In many older volcanic terrain!'. only the
di:->wl to mid-portions of .mce extensi\"{> volea
nidastit- facies are likely to lx· preservt'd. hence 
the sourcE'S ofthf'se sequences are rarely appar· 
ent, Dil'tal vokanic fH£ies may there-lofe- pro
vide the only clues for t he interpretation of par
ent terrains, and it will ht' neces!'ary to extract 
3!o< much information as possible fmm i!mlatf'd 
volcaniclastic deposits so that the reco~nition 
of di~t inctivt' t'ruption sequ('nces (on any scale) 
can fully complement petrologic evaluations. 
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