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Abstract

Turbeviie, BN Wareshack. D) Boand Self. S 1950 Lata dome growth and explosive \aleaais mom the Jenser Moun
tains, New Mexweo Eadence fromh the Pho Plertocene Pavealiovial tan J Voleanol Geothorar Res 360 267 204

The Plin-Pleistocene Puve Formation, north central New Mexgoo, isoa 200 k' voleanagenic alluvial tan shed
vastward from the Tschicama valeanic center. part of the Jemez Mountains voleanie field The fan contains > 15 km
of voleamiclastic material derived from closely spaced Liva domes o the northeastern portion of the Tachicoma cemer
[nterbedded m the {an sediments are at least 25 pramary pyroctastic unns from explosive eruptions of dicitic and
rhvolitie fave domes. Tephra occur mamly as pumice falis but indcade several pumiceous igmmbrites and two thick
praximal block-and-ash pyvroclastic tlaws. The upper part - £ the fan also contains rhyolitie plintan deposits erupted
frum sources in the central portion ot the Jemez Geld and basalte ash derived from the central Rio Grande rift.

Fanplomeratic tpyroclastic and epiclastic} facies exhibit conaderabie lateral variation. Primary tephra deposits,
however. pravide & stratigraphic framework for recanstruction of the growth of individaal lava domes. While anh
volcanic domes and lava Nows are exposed in the Tschicama center, Pave tephra lavers show that vuleaman, subpli
nian and plinian activity, and bleck-and -ash prroclastic fow s secompanied many dome- forming events. Degradation
ol these lava domes produced coarse-grained debris ows dominrated by fava and dome carapace cissts. From chese
epiclasts it is possible toadentify lithologies of Livas that are either currentiy huried or have been abliterated by erosion
ar by eollapse of the Valles calderas.

The presenvation of Puve deposits reflects very high rates of ageradation and gradual down -faulting 1w the Espanola
hasin of the central Rio Grande rift. This record of pyvroclastie and epnclastie deposition allows detimled interpretation
of the evalution of a volcanic center fromats prroclastic and eroston products and s the first example of s Loleanagenic
gliuvial fan i an intracontimental 7if1 setting 10 be desentbed in detind This study emphasizes that interpretation of
anv ancwent voleanic terrain based solelv upar data derived from mapping. radiometric dating, and chemeal unalyen
of laves or existing denuded edifices is likels to greatly underestimate both the role o explosive voleanism i the build
up of voleaniv centers and subseqguient estimates of the volnmes of material produced.

Introduction Moaountains volcante field (IMVFE; Fig. 1) of
north-central New Mexico. Most work in this
area has concentrated primarily on etther the
volumineus Quaternary rhvolitic ignimbrites
{Smith and Bailev, 1966, [2ett et al., 1981) and
related calderas (Smith and Badlev, 1968), or

an the petrology ond age relationships of long

Explosive voleanism oecurred throughowt the
F35-mithion year development of the Jemer
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lived episodes of lava effusion and dome growth
{Gardner et al., 1986; Singer and Kudo. 1986:
Loeffler et al., 1988), particularly in the Paliza
Canyon and Tschicoma Formation sequences
{Fig. 2). A neglected area has been study of the
extensive volcaniclastic sequences that relate
eruptive activity and erosion of individual Je-
mez volcanic centers to Rio Grande rift-con-
troled sedimenmation. Detailed documentation
of thexe sequences is crucial to understanding
the volcanological evolution of this field, as they
contain abundant pyrodlastic deposits inter-
stratified with epiclastic debris, These relation-
ships are rarely evident in the central Jemez
field but are particularly well displaved in the
Puye Fuormation, a large volcaniclastic fan shed
irom the Tschicoma voleanic center in the
northeastern part of the field (Fig. 1 }. The Puve
Formation is ideal for study because of its ex-
cellent exposure and close spatial, temporal, and
lithologic association with the Tschicoma cen-
ter. Pyroclastic and epiclastic deposits in the
Puve {an. therefore, provide valuable insight
into the history of Plio-Pleistocene explosive
eruptions and lava dome development in the
northeastern JMVF.

Tschicoma volecanic 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-
sive periods of magmatic evolution and erup-
non (Baley et al., 1969 Smithet al, 19701, The
proposed divisions are the Keres tincluding the
Paliza Canvon Formation), Polvadera tinclud-
ing the T'schicoma Formation ), and Tewa (pri-
marily Bandelier Tuif and post-caldera lava
domes) Groups, in age sequence (Fig. 21. These
volcanic and voleaniclastic deposits span the
period 13.510 0.1 Ma (Gardner et al., 1986).

The Tschicoma voleanic center (7.40- 2.9 Ma;
Gardner et al., 1936; Singer and Kudo, 1986;

Baldridge et al., 1987) contains > 500 km* of

dacitic lava flows and domes in the northern
and eastern Jemez Mountains with subordi-
nate amounts of 2-pvroxene andesite, rhyoda-
cite. and low-silica rhyolite (Baldridge and
Vaniman, 1986; David Broxton, unpubl. data).
Andesitic lavas generallv underlie the dacitic
and rhyvodacitic bavas and domes. Mueh of the
southwestern part of the Tschicoma center has
been obliterated. initially by formation of the
Tolede Embavment (Fig. 1), and later by col-
lapse of the Valles 1 (or Toledo: Smith, 1979)
and 11 calderas at 1.4 and 1.1 Ma, respectively
tHaldridge and Vamman, 1986; Self et al,
19561, Surviving voleanic features of this cen-
ter suguest a strong tectonic control on mag-
matism with the early development of hasaltic
and andesitic stratovoleanoes in the north-
western JMVF and later growth of dacitic and
rhyvodacitic dome complexes farther eastward
tSinger and Kudo, 1986; Baldridge et al., 1987).

Magmatic activity in the northeastern JMVF
began to wane between 4 and 2 Ma as several
small, isolated lava domes (1.e. pumiceous flank
domes) were emplaced onto T'schicoma For-
mation deposits (Fig. 1 ). These domes form the
El Rechuelos Rhyolite and Cerro Rubio Quantz
Latite (Fig. 2; Batley et al., 1969}, the latter se-
quence maore recentlv recognized as part of the
T'schicoma Formation (Gardner et al., 1986).
The voungest El Rechuelos Rhyolite lavas are
distinguished mineralogically and chemically
from the “older (Tschicoma) rhvolites™ of
Loeffler et al. (1988}, hut are mineralogically
similar to several tephra deposits in the upper
Puve Formation. Epiclastic material from this
center. however, is poorly represented in Puve
depaxits due to topographic barriers existing at
the time of eruption of these domes.

The voungest euptives hitherta reported from
the Tsehicoma voleanic center are 2.9 Ma
(Baldridge et al.. 1987}, although this study
emphasizes that portions of the center re-
mained active up to 2 Ma tor less; Turbeville.
1986 ). and that evidence for vounger dacite and
rhvoducite lava domes (since destroved hy ero-
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Fig. 1. Location map of the Jemez Mountains and Valles Calderas ( VC). New Mexico {above), and the studv area. eastern
Pajarito Plateau (partly after Smith et al.. 1870). Shown are surface extent of the T<chicoma Formation ( TFY. ] Rechuelas
Rhvolite domes ¢ ER), the Puve Formation {PF), Lobota Busalt (LB). Cerras del Rio basalt field (CHH). and Santa Fe
Group deposits t SFG). Also included are prominent local topagraphic features, Cerra Pelan (CP), Polvadera Peak (£,

Tschicoma (also Chicoma) Mtn. (TM}. Cerras Mtn. (€N
sections in Fig, 5.

and Clara Peak (CR); location numbers refer to compoasite
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Whaole rock compuositions of representative Puve Formatwon pum
ices and a Tschicoma Formation dacite tava flow

Lower Group Middle Uoper  Tschivoma
- —erm——— = Group Rhyolite Dacite®
P2 P4 Puye Igmmb. G22 5 Mas

Majar elements (.0t %}
Sif), 664K 66.35 6561 245 €7 01
TiO, 043 0.44 0.44 [$ X1~ 9.Aa)
ALO, 1514 1536 15.69 11.73 1h s
Fed s 349 481 145 100 s
Mnt) Utng W6 D) GOG Lot
M) 161 17 148 126 } H4
Cat} 345 342 340 0.3 REN)
Na O $.01 KN 4.20 A1 Han
K.0 3.72 190 K. 824 KRE
PO 016 a16 01T 0.0t HRE)
104 .60 § 50 170 4.67 1 40
Total 10005 Yaue B9 4977 100 51
Trace elements (o ppmi}
Se 69 .46 Ah 220 S
Cr 36 a1 34 113 &2
Rb 60 Hh 8 153 i
Cs {1,586 094 2.2 KRB 14
Ba 12006 1200 945 T 1IN
La ° 333 335 6.4 488 441
Ce 642 653 [ 45 4 hd
Sm 44 4.5 KEH AW 44
Fu 1.1 1.1 Ul 13 19
Th .46 Q.50 0.42 147 -
Yb 1.44 137 1.32 4.18 1h
fu Q20 .20 0.22 .64 -
Hf 1 3¢) 4.7 4.0 78 KN
Ta G574 7 1.21 462 -
Th 4.47 4.54 8.22 1850 T

Major elements by XRYF, trace elements by INAA! see Turbevalle
{1986} fur analytical methods and quality of data.

*Total iron as Fe,0, from analysis.

“Chemical data from Gardner et al. (1986)

sion and caldera collapse) survives exclusively
in the Puve Formation.

The Puyve Formation

The Puye Formation (Griggs. 1964; Manley,
1976, 1979; Waresbhack and Turbevilie, in press)
is the exposed upper part of a thick volcaniclas-
tic sequence emplaced contemporaneously with
the Pliocene development of the Tschicoma
volcanic center. The Puve Formation contains
> 15 km" of Plio-Pleistacene alluvial sediments
derived mainlv from lava domes in the north.

27
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Fig 4. A Approximate valume percentages of rock types
tound as epiclasis (see Table 2y in Puve funplomerates
tvalues derved from representative counts of clasts > 10
mm: i = 200 per deposit,

R. Variations in the percentage of these elast types between
the lower and upper portions of the medial tan facies of the
Puve Formation {see Figs. n,6).

eastern part of the Tschicoma center (Figs. 1,
3). This alluvial fan records a history of explo-
sive activity that produced abundant dacitic to
rhyodacitic tephra (Table 1) during the later
development of the Tschicoma center {3.5-1.9
Ma; Gardneret al., 1986; Turbeville, 1986). The
well-exposed parts of the fan show medial to
distal voleanogenic fanglomeratic facies with
abundant epiclastic material emplaced as sub-
aerial mass flows and hyperconcentrated flood
flows (c.f., Smith, 1986). stream channel de-
posits. and sheetflood conglomerates. These
sediments are interbedded with primary and re-
deposited pyvroclastic deposits and. to a lesser
extent, areally extensive mafic lava flows and
associated hreccias. In addition, lacustrine de-
posits Gncluding abundant water-lain felsic and
hasaltic tephra) are volumetrically significant
1n distal parts of the fan.

Explosive eruptions that acenmpanied the
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srowth of Tschicoma Livatdomes were probabliy
mstrumental in remohilizing large portions of
ralus-covered dome surtaces c.4,, Rose, TUNT,
Scolt, 1INT 1 Steep topography and sporadie
tpossibly episodic) fload frequency and runatt
in this seru-and region i Kellex, 1979 Dethier
and Demesey, 183400 contributed to the appar
entiv high eresion tates associated with the
denudation of these domes, providing abun
dant epiclastie material to the growing fon, For

thi~ reason. we beheve that the Puve atiuvial
tan adequately represents an inverted <tratt
graphie succession of Pho Pleistocene fava
deme development and eroston in the nosth-
eastern part of the Tschicoma center.

Puve Formation epiclastie deposite contama
hreblv vanable sute of v hthologes Chable
2 P 4 s s in sharp contrast to the exe
posed rock tvpes of the Tsehiweoma eraptives
iHaddndee and Naaman, 1osey Doty
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nately, direct correiation of tun deposits wak
the currentlv denuded volcane centeris greath
inhibated by imited eaposure in the areawhere
lava ilows and fan sediments Ltertfinger. Sim-
ianty between avanabie nuneralogieal and
geochemical characrertstics of Puve tephraand
Tschicoma Lavas, beawever, strenghy sopports
the contemporanesty ol these Tocks tnee below
The Prve tan alse Contams hasadue ash &
rived from phreatonaymaetic eruptiens i thce
Cerros del Rio volcanic fieid o the contrat B
Grande ridt cFes 10700 Aubede, 1979, Fisher o
al. 19841, The combined intluences of contemn
prraneous voilcani=im trom these two adjacent
valeanie centers are teflected i the tan by the
development of distinctive evehical deposi
tinnal sequences, In essence. the Tsehicon
center stead:hv supplied large quantities of val.
caniclastic material 1o the prograding tun,
whereas voleanism in the Cerros field strongiv
influenced sedimentation from the ecastern
basin margin, by lake deselopment and varin
tions in focat thivial base tevels,

Pyroclastic stratigraphy

Analvsis and correlation of primary pyro.
clastic deposits in the Puve Formation tsee be-
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b s rgest thet several explosive eruptions
trom the Pecheoma center produced wide
~pread tall blunkets across the growing Puve
tan. Lacalized preservation of these deposits
depended on the rapid avcumulation of a pro-
tective covar o epiclastic debris or addimonai
prrochestwe muterial The absence o coeval
v rociastic depositsbevond the i orthes al-
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preservation ot tepha, Any tephra emiplaced to
the southwest ot the Tschieoma center was oh
hrerated, along with Techieoma fas o {lows and
domes, by Later episades of caldera eollapse and
intiliing by intracaldera Bandelier wnimbrite
e Nielsen and Hulen, 19540,

Fxplosive eruptions and closely assoviated
epiclastic sedimentation produced cveheal se-
quences of ane or more pumice talls often un-
derlain by thin mudflow deposits and overlain
by either ignimbrite or thick pumiceous mud-
fiows (kg 50 These sequences retlect individ-
vl erupuve events and are separated by inter-
eruptive debris tflow and hvperconcentrated
flond flow deposits tineluding voleanie mud-
flows), fhivial sediments tie. brinded stream
conglomerates i, and deposits of sheetflood ac-

tivsty, The latter retlect high rates of aggrada-
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Fig. 5. Composite tephrostratigraphy of the Puye Formatiom showiny lower, middle and upper tephra group deposits, prefix
“P"indicates a fan-wide correlation tsee text), other umits are b alized expresares confined to specific parts of the Puve fan
tsee Fig. 1 for section locations 1. Other desinations are G22 and CY = upper group rhyobite plininn deposits tsee text ),
BA = basaltic ash depuosits, pemf = pumiceous mudtlow deposts. SF = Santa Fe Group sediments, 7F = Totavi Formaton

gravels. The Puve ignumbrite (2551 01 Ma) at approximateh 45 m o a Rev stratzraphic marker borizan i the fan.

tion that did not permit significant incision by
fan drainage and were commonly asseciated
with the formation of shallow but widespread
lakes.

Tephra deposits in the Puve Formation are
informally divided into three stratigraphic
groups according to distinctive changes in the
dominant juventle clast type. the environment
ot deposition, and suspected sources (Fig. 61,

The lower tephra group contains several
widespread pumice fall deposits and thin g
nimbrites. in addition to abundant redeposited
tephra {Figs. TA.BY. These deposits contain
light colored, fihrous, hornblende- and bintite.

beanng rhvodacite pumice and lesser amounts
of dark gray or banded two-pyroxene dacite
punmice (Table 15,

A middle tephra group consists of a lithic-rich
wnimbrite Gnformally called the “Puve ignim-
brite”, dated at 2534 0.1 Ma by K/Ar analvsis
ot feldspar separates; Turheville and Self, 1988)
and coarse-grained pamnice flow depasits with
Farpe two-pyronene dacite pumice blocks that
ek biotite and hornblende. Associated with the
iznimbrite sequence are several coarse. lithic-
rich pumice falls and fine-grained capping ash
fails (k. 8.

The upper tephra group contains several
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size (Mdo} and surting of deposits (g @: values derived from cumulative frequency curves in the gram size tange — 49 to
40}, and frequency variation curves of individual component populations (punice = stippled. hithies = <haded, crvs.
tals = unshaded }. Samples taken trom homogeneous (ungraded. massivels bedded ) portions af each unit. Shown at right are
estimated percentages of accessory lithic types observed in pumice falls, 6 and (15 (lithic types refer te Table 2.

thick rhyodacitic pumice talls, abundant lake-
deposited pumice and ash (Fig. 70"}, and thick
sequences of water-lain basaltic ash. Exposures
of individual units are considerably more re-
stricted than lower group deposits and differ
markedly in mineralogy. lithic types, and grain-
size characteristics. In addition, two rhyolite
pumice falls in the upper part of the Puve {an
{units G22 and €9, Figs. 6. 71 differ signifi-
cantly from other Puve tephira units in compo-
sition (Table 11, and are conjeciured to have
been derived from source vents currently bur-
‘ed heneath Valles Il Caldera (Fig. 11, Only one
expasure of each unit has been found. although
it is apparent from depasit characteristies (see
below ) that they were once widespread plinian
deposits,

Correlation of tephra units and deposit
dispersal

Kev stratigraphic tephra horizans were cor-
related (Turbeville, 1985 ) using a combination
of mineralogical characteristics.  distinctive
lithic clasts, and trace element compositions of
large pumice clasts. Correlation was impeded in
many cases by a highly varniable assemblage of
wivenile clast types in individual deposits and
by the often erratic lateral variabilitv of indi-
vidual tephra units due to localized reworking.
The results of tephra unit correlation are pre-
sented schematicallv in Fig 6.

Of the 25 primary felsie pyvroclasty deposits
cxposed in the Puve Formation, vight pumice
talls and two nmmbrites are recopnized o
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wide, At east thirteen units that cannet be lat
eratly correlited are exposed in the southern
portion of the Pove fan «Fig. T twoanore in
the eastern lan segment s, and vet another two
in the northern and proximal exposures {ex
cuding two hiock and-ash pyrochistic flow sc
quences: see betow i in addition. punnee and
ash onstitute g stgmlicant proportion of many
epiclastie deposits and lacustrme sediments
e T

The himited exposure only permits approxy
wmations of deposit dispersais based on the dis
tribution of nuiximum Cast diameters (Fig
The foghly arrepnkir thickness variations ol
most 1ali deposits altogether imit the usefull
s of eoniach maps, The contours forant 14
PFL e to and ather Puve talls displas erude
but conststent trends. Phere is asvatematic ens
and s beast dispersal, also common 1o post

Foan bt e troann d B © s dncomee Mountam
Ao st e e b nd deposats ana

o teh chowe peroentage of Clost tvpes

Iinve AONVE tephra deposits ¢ Wright et al,
josth, consistent wath probable sonree vents
in the northeastern Traehicoma dome complex.
Abnindant acce==ory hithie cliasts in these pum
e talls CTable 20 Figs, 801070 closely resemble
Tee hicone lay as exposed to the northaest (see
Felow 1w hiereas the Tseenma deposits south-
west of the ton (Fre 1y are sutheienthv difter:
et compositonaliy from Puve tephrias (David
Broxton. pers, comimun, 1983 to exclude them
i~ probable sources, Tephra dispersal patterns
arcabse copmi=tent with possibic sources in the
revion of the Toledo Fibayment. Tlius depres-
qon, however whether a caldera or laindshide
cenr Fraser Gt pers. commun - 1985; Self et
WL 1Os o fornied not Later than 56 N 1Gard-
per et al o 1o at deast o0 mv earher than
any currenth dated, exposed Puve tephra,

Phe portbae <tern Pove fan exposares thges
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oGy are clearly proxamad, This as supported b
the presence of 1) greater thicknesses i
overall coarseness of pumice 1l deposis, 12
thick accumulations of coarse, hithic-doant-
nated pumiceous ignimbrites and ash-rich de-
bris flow deposits. i3} 4 sequence of nearhy
manuhtholugic block-and-ash How depo<ite in

the upper part of the section. and vd g eseral)

paucity ui <heetflond deposits thar dannoe
mter-ernption segpences slong the eastery and
southern portion: o' the tan (Fre. 5 Ware-hack
and Turbeville, in pressy Puve deposits i thas
area also mterfinger to some extent with suar
face exposures of Polvadera Group livas and
talux breccws, relationships elsewhere oniv de
tected in the subsurtace (Griges, F964 1

Andesite lavas in the Pschicoma center ox
bt a tedted pligiociase-pyroxencyroundnass
and phenocrysts of plagioclase, augite, byper
sthene, and magnetite (Gardner et al, 1tisey
Dacite and rhvodacite lavas, on the other hand,
are’ tvpacally vitrophyvric and contimn the o
semblayge hi-hblgtz-cpx-opx-mt minor apanite
and zirean. and complexic zoned plagioiase
glomerserysis with pronounced desequshibiriong
tsteve) textures thoeltler, 19543 Puve For
mation rhyvodacite pumice depostis exhitbut pe
rographic teatures similar both to the older an-
desites wnd to the yvounger, more evoised
Tschicoma lavas ¢ Mantey, 19768 T irhevilie.
19586 ).

Figure 11 compares whole-rock  trace-cle
ment compositions of several l’;l_\'(' Farnaton
rephras with rock types commaon as Puve tal]
hthics (Table 20 Fig 10y and with ather ONVE
cruptives of simlar age. Puve Formuanon
rhyodacite pumices (Fig TTAY have s
composttiens tao Tsehicama dacite and rhivo
dacite Lavas described by Loeffler (19841 and
by Baldndee and Vamman (1986, Horn
blende-rhvodacue lava blocks in proximad
hlack -and-ash low deposits csee belowi are
stmilar. compositiatuitiv, 1o tephras of the up
per group (Fuz B Furure 1O shows o
~imiliarities berween upper Pouve Formate n

rhvolite pamiee falds G20 and CoorFe vk,

puiiec an Lide Phocene opee Bondelier) g
nunbrites expesed sonthwest ot Viohos ] Calid
ere ¢ Purbevidie ond Selin 105 and Lower
Bandelier plinian pumice, respectiely.

In sunimarv, the Puce aifovial tan probabyis
represents onlv a sl proportion of the ma
terved that may concenvahiv bave been erupted
eaplosiveln frem the Techicoma and Bl Re
chuewos domes arfrom vent < that aere abiliter
sted b caliapse ot i e Vialles eabdoras 1as
teult o cstimate the voluine of jnvenide
pyrockiste material preserved mothe tan or the
percentages of these tephrias derved from in
dividuad iinva domes, However, the piimary de
posits and recognizable eonption sequences
sugpest that a mantmoem of fteeen small (o)
Yo Km o explosive rruptions aceoripamed the
growiny of v dames i the northeastern parn
ot the Txchieoma voleinic center i addition
o two sprmifcant episodes of Volcaaan activin
probably associated sath gravit onal Linva
done u:l}.‘t;).\v Also, at least three explosive
eraptiens possibly associated with the vounger
Fl Rechucios Rhvalite dames (loctfler o1 ai.
19SSy are represented, as well as 1wo plinan
deprsits from sources now buned beneath Valles
H Caldera Allot thisaetiv ity occurred hetween
about 40 and 1Y Ma (Manlev, 1976, 1970,
Turbevilie, 19863

Characteristics of pyroclastic and
assocuited deposits

Rrsoe e panaec jalls end rofeccd e et
. i

Pumice kit depositain the Puve tonvary from
Lthie poar pumice and ash falls Fae 100 (0
crvstad and hthee-dominated add deposiis with
anly sabordinate amounts of punnce (e, P
s fall vt Por These teatnres are distinetine
ot falis produced by <ub plinias and <aleaman
craptions respectively it Newhalland Mel
~on, 1A Herhenand Wobilety 195 5 and sug
aest that both tvpes of eruption coamuondy i
compumied the crowth of Tarbeamy L
Aomes Dnaddisn mosr Pove Sl connen o
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Fig 12 A Ternan proparicns ot hght colored hornblende punmce 111 dark grav 2 peraxene poannee (O and aphyoe
poaorty vestendar thtockyy proemlbe claste (PVG i eruptiony sequeaces PU PSP U and PO P tsee By 6 oand text for
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wide assertment of distinetive juvenile and ac-
cessory clast tvpes (Table 29, and an overall
trend s apparent stratigraphically. At leaw
three ¢ nsevutive sequencesin the lower group
cartain puree talls (PE P PS Fig 6) overs

fan by gnonbrite. Bach sequence extibie

cither an upwarid merease i the proportion of
dark grav or handed pumice in successive fall
deposits or changes in the proportions of poorly
sesteufar prventde material and pumisceous g
cr=~ory chists ckie 12A) . The apparent evehe
s aloreflected by prinn sz data from he
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mogeneots tie. ungraded, massiveln bedded)
parts of each fall univ «Fig, 1280 Pauniee talls
at the base of ench sequence appear to be mod
erately well sorted and rich in crvstals and
highly vesicular hbl-bi-bearing pumice. Over-
lving units are progressively better sorted. es
pecially P7 that also becomes much finer-
grained and richer in non-vesicular elass.

These trends supwest successively higher
witer contents in eruption columns, that could
have initiated prematare deposition of finer
srained material and would have dramarically
lowered eruption column heights t Walker, 19531
B. Houghton. pers. commun., 1dany, Common
transttions between phreatomagmatic and pre-
dominantly magmatic actnaty have been doe-
umented from dome eruptions elsewhere (Hei-
ken and Wohletz, 19571, These datahowever,
do not supmort the suggestion that phreatomag-
matie activity need alwavs be precursory e
magmatic eruptions trom growing domes. In
addition, 1 subseguent eruptions had tapped
deeper, more volatile poor miagma, the resuht
ing eruption plumes would alsa have been fower
and less effective in dispersing coarse clasts
+Carev and Sparks, 19861, Consequent column
cvollapse or ash fountaining (Sparks and Wil
son, 1976; Sparks et al., 1978; Horn, 1986 ) might
be expected to have produced thin but wide
spread pyroclartic {lows also rich in poorly ses
wcular juvenile glass and lava lithies.

Pumice deposits are more closely spaced to
ward the top of the lower tephra group, <ug-
vesting that explosive activity may hive been
accelerated during this period, culminating with
emplacement of the Puve irnimbrite «Fipg. vy
This possible increase in the frequeney ef erup
tions is alsa reflected by associated epclistie

deposit=: thick mter-eruption sequences of
miadilows oceur and sheetflood deposits, abun:
dant i sequences helow, hecome less apparent
upward. Also, debris flow deposit= become
thicker upward in the fan and predomimate over
clast-poor mudilows, These trends reflect in-
creases in source area relief and proximal fan
lope and suggest an inerease in the amount of
coarse voleaniclastic maierial available to these
fiows, As blocky talus sDhpes are virnnathv ubing-
mitous features of voleanic domes C\Wilthams,
19232; Rose, TURT Voan inerease in the trequeney
at explosive eruptions from Tsehicoma domes
must have greatly accelerated the movement of
Lirge volumes of poorly consolidated maternl,
prosimally represented by very coarse grinned
debris avalanches and block and-ash pyvroclas.
e flows, and distally by stacked. clast-sap-
parted dehris flow deposits (Fig. H).

U pper tephra group pumice falls are compar-
arivelv thick where preserved (12 m) in ex-
posures up to 20 km from source. Peposits are
frequentiyv water-lain and reworked in distal
expousures (Fig 70), suggesting an increase in
Nuvial activity and lake development along the
lan toe as the Puve fan matured (Fig. 34, These
talls contain a variety of cognate and accessory
Lithic tvpes not observed in the lower group
ohsidian, apatite-bearing banded pumice, und a
wide assortment of highly porphyritic rhvoda-
citie clasts - and accompany an apparent up-
ward inerease in the proportions of quartz- and
sanidine phyvrie Java clasts In epiclastic se-
gruences (Fip 4B Pumiee lapidhin the anrfalls
also tend to be more aphvrie. and the percent-
aye of dark grav 2-pyroxene pumice evident in
lower  group  deposits diminishes upward
through the upper groups, as does the propor-

Fig 120 A Gramn size-sarting pestide theosghoapper Pove Formaties rhivalne poanines Ld GV taee Frg G nandeees it riph
of column reter teandmadual talbumts vevmbods am Fag s Dcrame ar night give pereentages ol invemle clast topes i
wwer and upper Ll ames, and theoverall properinms ot g cesaore e tvpess note that there are oo correspondimg hthae
clast tvpes 11e Table 20 m Pove Formation Lanslomernine deposas

B Profile throngh cppers Puse Foomatem rhoddive paniey 09 e 6 Uy and pereentages of clast tvpes obserced o
aveessory thies Lathae chist tvpes troan both G v amd O e stndar to Lavs Bthodogies reparted troan the Paices Canven
Forrmatem exposed sonth and west ot Yodfo- T dddercatordner e i, 1o
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tion of blocky, glassy material. 1o addition, the
deposits are generally lithie-poor and compar-
ativelvenriched in free ervstals relative tounits

_below. These teatures suggest marked changes

in the nature of explosive eruptions, that prob.
ably accompanied changes in magnmii composy
tion tand rhealogyy in the Tsebicoma voleanie
center (Raldridge and Vannman, 1Y56) coin
cident with extrusion ot the i Rechueles Rhy-
olite domes (Loetder 1 al., 19an8) Siliaie e
phri deposits in the Puve Formation persist
upwiird to the Pletstocene erosion surtace (Fiy,
A considered by Wareshack £1956) 1o repre
sent onlv miner escarpment retreat prior to
emplacement of the Lower Bandelier Tatf ap
proximatelv 1,45 Ma.

Several basiltic phreatomagmatic eruptions
uvecurred during the deposition of an upper Puve
facustrine sequence tFigs. 3. 6: also “Culebra”™
Jake clav of Kellev, 19361, These units interfin-

wer with Puve fluvial gravels and lake sedi-

ments in the seuthern portion of the tan., and
reflect the close associntion of Tsehicaoma: Puve
sedimentanion and phreatomagmatic acuvityvan
the Cerros del Rio valceanice field (Fisher et al.
19841, Caoarse debris tlow deposits dominate the
upper Puve Formation in medial and distal fan
segments and are evervwhere associated with
pumiceous  fhinvial and lacustrine  deposies
t Waresback and Turbeville, in press). again
suggesting the importance of mass flow pro-
cesses talong with Cerros del Rio hasaltie erup-
tion= 1 in intluencing local drainage patterns,
Many of the mudflows and debris flows were
emplaced subaguenushy { Wareshack, 19561 and
can be traced uptan to laterally equivilem
proximal block-and ash sequences,

Rivsoden puentier falis

Rbvolite pumice falls occur in two areas at
the tap of the Puve tan and are hith overlam
by 2o i of epiclastie material (units G22 and
9 Fig s These are distinet from other Puve
tephras. althoach the imited exposure of each

rettders thetr correliation ditfientt, Vg G232 <

120 ¢ thick and consists of six fall units, each
separated by L5 R0 emof ey fine, ervstal-rich
ash (Fig 13A0). This deposit contains distine
tive aphyric tube {capillary) pumice with vesi-
cles of aspect ratia :- 100:1. This juvenile clast
tvpe has only bheen chserved elsewhere in the
nre-Bandelier San Diego Canvon ignimbrites on
the southwestern margin of Valles 1 Caldera
UTurpeviile and Self. in press)

Cappng the Puve Formation in the central
portion of the fan is a sceond unie (C9, Figs, 6,
THia 25t cm thick rhinvehte pumiee fall rest-
ing on a distinetive reddish clay horizon. Sitky
white, sanidine-phyrie punmitee in this deposit s
chemicallv and morphologiealls indistinguish-
able from pumiice of the Lower Bandelier
{Guage) plinian deposits (Figl 110 that over-
he the Puve Pormution in this area. Unit 09 s
distinguished from the Guaje pumice fall by a
high matrix clav content, absence of associated
ignimbrite, overall finer grain size and hetter
sorting, and an anonudously ervstal-enriched
lower fall unit (Fig. 13B ). The absence of tube
pumice and chemical dissimilarities distin-
guish the unit from pumice a1 G22 (Fip. 110),
although both units suggest contemporaneny
between eruptions from the Tschicoma/El Re
chuelos domes and rhvolitic ignimbrite-form-
ingeventsinthecentral INIVE ( Turbeville and
Selt, 1SS,

lenimbraes and block: and ash flou deposis

Two thin ignimbrites (Fig. 61 in the lower
tephra group occur hetween coarse-grained,
lithic rich pumice falls and are composed pre-
dominantly of grav 2-pyroxene pumice. The
ienmimbrites each consist of o relatively homo-

geneaus main {Jow ungt and several finely strat-
ired, fine- to coarse-grained pumiceous lavers
that vary from lithic rich to lithic-poor and ex-
hibin slight pinch-and-swell features, often with
thin intervening ash lavers (Fig. T4A ). These
rnimbntes are similar to depositsattributed to
pyroclashie flowstraveling in haghlv fluidized or

et mmipere.
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Fig. 15, Facies variations of the Puye ignimbrite (sev also Fig 210 noe especially the lateral variahility of associated pumice
flows and fall deposits, and westward transition of main flow unit due to subaqgueous emplacement Clast sizes not 1o scale.

highly energetic flow regimes ("low-aspect ra-
tio ignimbrites” of Walker et al., 198); Walker,
1983; Wilson, 1484 1. Both units exhibit consid-
erable Jateral variability within relatively short
distances, and in proximal exposures are much
coarser-grained, massively bedded. and more
lithic-rich than distal equivalents.

The Puve ignimbrite of the middle graup also
exhibits considerable lateral varnability vet ix
consistently represented in different exposures
by a 2-5-m-thick, verv lithic-rich main tlow unnt
(Fig. 15). Underlving deposits vary from coarse,
lithic-rich basal pumice falls tFig. 81 to very
coarse. clast-supported pumice-flow deposits,
The main flow unit is non-welded and contains
a variety of large > 40 em diam. ), angular 1o

sub-angular lithic ¢lasts of Tschicorya Forma-
tion andesite and dacite lavas (Fig. 14B) with
small rounded pumices in a matrix of pink ash.
T'his unit has a sharp basal contact with under-
Iving pumice deposits, but a gradational upper
contact with the overlying pumice flows. The
entire sequence attains a maximum thickness
af about 10 min channels (Fig. 151, The Puve
pumice flows, and a thick sequence of largelv
reworked., coarse-grained pumiceous deposits
inmediately below the ignimbrite t“older pum-
we-flows™, Fig. 6}, vary from matrix-supported
to pumiceous clast-supported and contain large
fup to 70 em diam.), well-rounded. hreadcerust-
like pumice blocks (Fig 14C) i exposures 15
20 km from sourve.
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Two thick block and-ash flow sequenees oc

cur in the prosunal upper Puve Formation
iFigs. 5, 61, These sequences are informally
designated the Fspanola and Santa Clara block-
and-ash deposits, Thes differ in appearance and
deposit characteristies. The Fspanola sequence
i~ = 1A thick and consists of at teast six flow
units distinguizhed by svmmetrical and reverse
cracing of Large, subangralar lava claste, Al umies
are non-weided, but strongiv lithified. and grade
laterallv and  verticadly 1o verv coarse,
polslithologic debris flow deposits with pre-
deminantly red and gray porphyritic dacite
boulders tseame -2 dhame s inan indurated
pmk ash matrix.

The overhving Santa Clara sequence contiaine
135 m o of white, almost monolithalbgie block-
and-ash deposits with six units separated by
thin lavers of fTuvially reworked ash. These de-
posits are distinguished from the underlving
Expanola sequence by the poorly consolidated
nature ol the tormer, the overat) white color, o
monolithologic hornblende rhvodacite boulder
assemblage tsee Fig 1181, and a comparatively
high ratio of matrix ash to subrounded blocks
tFig. 141 The flavially reworked ash lavers
do nut contain abundant detrital material, sug-
gesting fairly rapid emplacement of successive
flow units.

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

Most Pave Formation eruption sequences
suggest transitions hetween phreatomagmatic
and predominantly magmatic (=ubphinian and
phniani acuvity, silar to lava dome erup-
tions documented elsewhere (Hetken and
Wohletz, 19571, Pumice falls of the lower group
rarelv exceed 2 m thickness teven in proximal
exposures ), and commonly exhibit highly er
ratic varahilay n grain size, sorting and de-
posit grading, suggesting fallout from low. rap-
idlv {luctuaring eruption columns rather than
from sustmned plumes, Fall deposits are gen
erally poorty sorted partieulariy i basal tall

vt s attesting to the premature lustang ot ash
trom waier-rich columns. These units also con:
trn abundant poorly vesicular juvenile mate-
riat possiblv formed by quenching ot magmas
pror tosesealation. Phenoervat< tvpacadly dise
plav evidence of mcomplete disaggregation from
Lost panuce plass, and Liberated ervetads often
have abiree pereentage of pluss adherie totheir
surtaces. stugpestng imetticient magnate frag:
mentatien and possiblv less explosive erup
tons « Mever, 19721 Highiy porphyntic cog-
nate hithwes, varving tfrom dense to moderatelv
vesteubar, are abundant in most Puve talls (Ta-
ble 23 and resemble “carapave” ke material
desceribed trom voleanic domes and obsidian
Lava flows tFink and Manlev, 1957 Heitken and
Wahiets, IsT1 Similar clasts are also abun-
dantinignimbrites produced by these cruptions.

The voarse grained Puve Formation pumice-
flows, dense block-and-ash pyvroclastic flows,
and relativelv thin, Hithie rich and well strati-
tied fgnimbirites (Frg. 140 further suggest that
valeantin and subphiman eruptions were pre-
cursory 10 and accompanied the growth and
possible episodic eollapse of portions of Tschi-
toma Liva domes or oversteepened fava lows
ted., Rose et al, 1976; Nairn and Selt, 1978,
Wright et al, 19%4a 1. However, several of the
upper tephri proup deposits may have been
produced by more violently explosive erup-
Hons, approaching the dispersal characteristies
of phiman activity i Walker, 19811, and the up-
per group rhvalite pumiee falls (C4 and (22
are almost certainly of pliman tvpe. The pres-
ence of multiple tall units ot even thickness and
the paucity of poorlv vesicuiar juvenmle elastsan
these thicker rhvolitic tall deposits attest to this
probability. Untortunately the hnmited expo
~ure of these units and the iagbly vnsvstematic
variatims in thickness of most Puve tephra de
posits do not peront a precise estimate of either
the dispersal arca (D) or tragmentaton index
Eof Walker ¢1970)

The carliest explosive actnvity representedan
vhe Puve tan s shown by several conrse grrmned
rhvodacite pomee tails and thin piimcenus
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mudflow deposits. These debris-laden mud-
flows apparently dammed the axial drainage at
the fan toe, forming a widespread lake (Fig. 3)
into which ahundant tephra accumulated (Fig.
7a). Stacked pumiceous mudflows form a
prominent 2-5 m thick apron around the pe-
rimeter of the Puye fan at this horizon (Fig. 6)
and are correlative upfan with thick sequences
of interbedded pumiceous sheetflood and
braided stream conglomerates. Several explo-
sive eruptions are recorded in the lower 45-50
m of the fan, each sequence consisting of two or
more pumice falls, thin ignimbrites, and highly
pumiceous mudflow deposits that represent
laterally remobilized portions of primary te-
phra units. These sequences are separated by
several meters of sands, gravels, and conglom-
erates deposited by channelized streams, sheet-
floods, and mass flows (Fig. 5).

Explosive eruptions continued as the fan
prograded eastward into the Espaiiola basin and
were accompanied by increases in the propor-
tions of cvarse debris flows and 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 characterized 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 cvcles 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) and the lack of evidence for
abundant vegetation in this semi-arid region
(Kelley, 1979: Manleyv, 1979: Dethier and Dem-
sey, 1984) suggest that climatic fluctuations
were not significant during this period, hence
most sedimentary processes in the fan are more
feasibly attributed to changes in volcanological
and tectonic regimes. Continued silicic erup-

tions from the Tschicoma/E]l Rechuelos cen-
ters, and simultaneous basaltic activity from the
Cerros del Rio volcanic center, resulted in the
coeval subaqueous emplacement of abundant
felsic and basaltic tephra.

The proximal block-and-ash flow sequences
attest to at least two episodes of vulcanian ac-
tivity, prchbablv associated with the gravita-
tional collapse of unstable portions of a litho-
logically distinctive hornblende-rhvodacite luva
dome that bas not vet been identified in the
Tschicoma volcanic center. These episodes are
also reflected distally in the fan by coarse-
grained. near monolithologic stacked debris flow
sequences that dominate the upper parts of the
Puve Formation (Figs. 5, 7C; Waresback and
Turbeville, in press).

Volcanogenic alluvial sequences like the Puye
Farmation preserve excellent records from vol-
canic terrains. An estimated 15-16 km® of
largely Tschicoma-derived volcaniclastic ma-
terial currently resides in the Puye fan and an
undetermined. but undoudbtedly significant,
amount of sediment exists in the subsurface be-
neath the eastern edge of the Tschicoma massif
(Fig. 1: Griggs, 1964). The large variety of rock
types found as Puye epiclasts (Table 2), com-
pared to the much more restricted suite ob-
served as Puve airfall lithics (e.g., Figs. 8, 11)
or among Tschicoma lava flows, strongly im-
plies the former existence of a lithologically
highly variable northeastern Tschicoma dome
complex that was rapidly denuded following
cessation of volcanism. Topographic con-
straints suggest that much of the material shed
from this complex was transported by east-
ward-flowing drainage en route to the ancestral
Rio Grande. However. the fairly high rates of
aggradation evident from the Puve fan, due to
the sporadic availability of water in this semi-
arid region and gradual down-faulting in the as-
sociated depocenter (Espariola basin of the
central Rio Grande rif1), greatly enhanced the
incorporation of much of this material into the
Puve Formatuon.
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Conclusions

From this study of pyroclastic units in the
Puye Formation, north-central New Mexico, we
can make the following conclusions concerning
the Late Pliocene-Early Pleistocene evolution
of the Jemez Mountains volcanic field.

(1) The Puye ailuvial system contains > 15
km' of voleaniclastic material derived almost
exclusively from the northeastern part of the
Tschicoma volcanic center and recourds explo-
sive volcanism and epiclastic sedimentation di-
rectly related to the growth of large lava domes.
These dacitic and rhyodacitic domes supplied
abundant material to the fan in the form of
coarse epiclasts derived from proximal talus
slopes and pyroclastic material emp}aced as
pumice falls an.! pyroclastic flows. At least 15
small-magnitude (0.1-1.0 km") explosive erup-
tions from the northeastern Tschicoma lava
domes are recorded. as well as two episodes of
vulcanian block-and-ash flow, possibly associ-
ated with gravitational lava dome collapse. In
addition, the fan contains rhyolitic and basaltic
tephra derived {rom sources outside of the
Tschicoma center.

(2} The recognition of cvclical Puye deposi-
tional sequences greatly simplifies an interpre-
tation of eruptive events from this dome com-
plex. The Puye Formation represents a
distinctive depositional megasequence that re-
flects contemporaneous volcanism from two
adjacent volcanic centers, the Tschicoma dome
complex to the west and the Cerros del Rio ba-
saltic field to the south. The Tschicoma center

steadily supplied large quantities of volcani-
clastic material to the prograding fan system,
whereas volcanism in the Cerros field strongly
influenced sedimentation from the basin mar-
gins. Preservation reflects the combined influ-
ences of a continuous volcaniclastic sediment
supply in a semi-arid region and post-4 Ma tec-
tonic activity (down-faulting) in the Espanola
hasin nf the central Rio Grande rift. In this re-
spect, the fan is also an integral stratigraphic
feature of this major intracontinental depres-

2R

sion and is essentially contemporaneous with
other alluvial systems exposed along the nit.
t3) Volcanogenic alluvial facies as com-
pletely preserved as the Puye Formation are
uncommon in the stratigraphic record. suggest-
ing that such sequences generally have very low
preservation potential and that the Puye allu-
vial fan is therefore somewhat unusual. Rela-
tions=hips between volcaniclastic sequences and
their sources, however, are rarely as ¢lear-cut
as that of the Tschicoma-Puye svstem. Similar
sequences are preserved in more complicated
valeanic terrains (Hay, 1956: Christiansen and
Blank. 1972; Fritz and Harrison, 1985; Smith,
1987; Smith et al., 1987) where several volca-
nogenic aprons overlap and coalesce, forming
widespread volcaniclastic sequences > 1000 m
thick. In many older volcanic terrains only the
distal to mid-portions of once extensive volca-
niclastic facies are likely to he preserved. hence
the sources of these sequences are rarely appar-
ent. Distal volcanic facies may theretore pro-
vide the only clues for the interpretation of par-
ent terrains, and it will be necessary 1o extract
as much information as possible from isolated
volcaniclastic deposits so that the recognition
of distinctive eruption sequences (on any scale)
can fully complement petrologic evaluations.
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