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0~11 100 radiometric dates &nd ncent detailed pologi= mappiBI allow $Orne refinements or the 'lfatitJraphiC n:latiOftS or major Ullits IAcl lf:ncfll!iZitiOn Of tempora.J litbolo&ic variatiODI ill t!le JemQ volculi~ field. Volc:&nism had ~sun in the acaa tty abot.U 16.5 Ma with episodic r:ruption1 Df al~ basalts. By 13 Ma. alkaline volamism had beeD replaced with en1ptio121 or more voluraino111 oliviDe tholc:iitc. Hip·lilica myolite, derived rrom melll or lower c:rw~t, al110 was en&pcin& b)' about l3 Ma. Basalr and hi&h·cilica rhyolite coctinued to be etupted until about 7 a.ad 6 Ma. respeaively, but etrusioas of dominqtJ)' udesitic ditr'ertntiatet or bualt thill bcpn as c:u\y aa about 12 Ma W~IWIIIItricaUtr overshadowed all ether eruptive produe1S batween 10 a.11d 7 Ma. Ffom 71C 3 Ma the dominaM crupti:ICI Utbolo~ wu clacitc, which appem to ha.ve been pl:l'ated by mixins of magmu wbo~e composition• are approximated by earlier andesites and llip-cilica rhyolitet. LCR ch&Q 4-3 Ma volcauna was cloa:P-aatcd by eruption or rbyolitic t~rrs. Field re.lations, ~sary, aad. datos tpKiieally indicate tbe rollowins wltll ~prcls to atntisraPhic relatioua: (1) distiJictiona among bualt ol Chamil& MeA, PaliZ& Call)'On F'onnation bualm, and Lobato Basalt for other tbihl &t:osraphic: teiSOIJr •rf artificial; bullltic volcallism wu conlinuoua in volcanic liel4 frcm > 13 to 7 Ma. (:!J <::anovu Cuyoa aDd Beathad rhyolites for.rn a c:ontinuum of hip·ailica rhyolite volt:ani&m lJQID > 13 to 1!5 r.{., (3) byptb)'QII anct volcanic rocks of lhf Cochiti miain.1 district probably represent the exhumed interior of a Keres Group volc11.no(s). (4) temporal overlaps exist amoq the major JStraliiJI'&Pblc: poups wbidl mar inlpl:y 10mc geneti~: relationi, ancS (')the Tcw11 Orollp lonnation Cetro :Rubio Quartz Latite may IN)rt appropriately be ~naidt:R!Ct p&r~ at the Ttchicoma F"armatio., or \he Polvadera Group. 1'1dim\nUl' anal~ia of '-Y• drotbcnftal a.ltenuion in tbe eontext ot the volcanic stratisrapb)' sugcata at least t.b.ra: diStinct b)'· dri)tl\tnnal nanll have occllrmi in the volcalric lir:bi"a hiftor)'. 

INnODtJCI'lON 
Wit.h increasing scientific interest foc:used on the 1emcz vol· 

c:anic field because or the Contin~;otal Sci.en.tiftc Drilling Pro
iram, numerous detailed gcolosicai, gcOt::hcmicaJ, ancl pct
rolopc .studies (for example, th.is sptcial section) of various 
as~• of the Jemez Mountains ha\le been done since the 
pioneering work of the U.S. Geolo&ic:al Su.rvey [~.1 .. Jddtn(/8, 
1890; RO$t, 1931, 1~18; Doell rmtl DIW-yrnple, 1966; Smitlr QU 
Bdiley, 1966, 1968; Smith et Ill .. 1910]. As commonly occurs 
whm more detailed iDI'ormation becomes 1\t&ilablr:, revisions or or substitutes .for eatill' l!tologie models are ~· The 
pu.rpose of this paper is to praent stratisrapbic relations. 
based on oe., 6cld aad radiometric data. togethe~ with 1ener· 
alized temporal JitboloiJic variatio1\S whic.b hne important 
implications fpr the development of the Jem~ \IOIC&nic field 
and probably the Bandelier Tu.lt masmatic: system(s~ 

BQI/•y ~t aJ. [1969] and Smirh •r aJ. [1970] de~teloped a. 
formalized stratiaraphy for che volcanic ud volc:a.ni.clastic 
rocks of the Jemez volcanic: fteld. They divided the volcanic 
field inco the tllrc:e stratigraphie groups from oldest to 
youngest, Kere$, Polvadera, and Tewa. A compilation of avail• 
able elates (Table 1) ancl field relations indicate temporal over· 
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lap amon11 all groups (Figure 1), but the three sttatiaraphic 
groups retain much ot their pccrological signifieance, as im· 
pUed by BgUey It Ql. [1969}. 

Stratisrapbic rdatioas witbill a QOmplex volcani~:: field su.eb 
as the Jeme:t Mountains ate not as strai.ahtforwvd u in molt 
sedimentaty 5ajlllftces. Too commo.Dly. acnetic relatione ror 
the 110lcarUc: rocb ovcnbadow purely 11ratisrapbic cousider
ations. Hence instead of attemplina to rede6ac the stratitra
p.by or the Jemez volcanic .field, in this paper we point out 
stratigraphic and lithologic relatiou of major unica so u to 
provide a skclelal fra..ra.ework from which further reftnemenls 
may be made. Although the formal stntisrapby 'IV&S based on 
lllU:eJient field poiOfY an4 some radiOmetric dales tot the 
pre-Tewa Group rocks. che eye lie. bimodal nature or vol· 
canism it implies is misleadins (sec below). However, it is our 
intention tl\at this papet complement Bailey et ;zl. [1!l69J, not 
rc:plac:e it. 

Fi gurc 1 is • summary or tbe refined .stratigaphic: relatiCIIUl 
that are discr.tsscd in this pa~r. The reader will find ccmpui
son of Figure f to Figure 2 of &Uey" 41. (1969] instructive. 
Fiprt: 2 shows tbc distribution or lhe major stratiJil'apbic 
groups in tho Jemez Mountalnt, ud. Figure 3 toaclhcr w1t4 
Table 2 provide an index of seoppbic localities mentioned in 
tbe text. 

Lithologic: DOtnCJu:lature lor roc.ks or the Jemez volcanic 
field is problematic: 1nd has been discussed in detail elsewhere 
[GwdiW", 198.5]. Doth chetnica.l and rnoclal clusific:a.tion -!!!!!!!!!!!!!!! 
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Tshirep Mnnber 
Valles Rhyolile (Banddia- TuB) 

Refer- ...... 
Date, Ma cace Date. Ma -()JJ ± 0.10 10 1.02 ± Q.(K 4 

0.365 ± 0..(]6! IS 1.06 i 0.03 4 
0.434 ± O.Gt:s 4 UJ9±.0.0l 4 
0..<t94 ± 0.01.5 " U:tO.l 2 
0.502 ±0.01.\ 4 l.l9 ± 0.04 4 
0.51-S :t 6.015 4 1.24 ± o.os 4 
0692±0.015 4 
11107 ± 0.019 .. 
0..726 ± D.OU 4 
0.823 :t: 0.074 4 
0.814 ± 0-028 4 
0.8116 ± 0..019 4 

1.0<$ ± 0.0:5 4 

PclvadeftL Gr.oup 

El Recbuel..s 

TABLE 1. Compilation of O.lcs. al Jemez Vokaoic Rockt 

TewllOtuup 

Cerro Olowir.t-w 
'fo3cdo Rh)'olite (Bandelier Tulf'J 

Rcrcr- .Refer· 
Dale,Ha c:noc: Dace,Ma eace 

l.lO::t O.Ol IJ 1.37 ±U04 ... 
J.12 ± ll04 4 U4 ±0.D4 4 
!.23 ± D.02 14 L48 t-0.09. 4 
1.24 f: 0.03 ll 
1.27± O.Ol I] 
1.}3 ± 0.02 B 
J.JJI ±om IJ 
1.47±0..04 14 
1.47 i:MS IJ 
1.50 f: o.os IJ 

Cern> Rubio 
Quartz [.&lite 

Refer-
Dlle.M• CDQe 

2.11± 0.09 ll 
:tsli ± O.lii 13 

Prc-Banddier 
Silicic T .. n-s 

Refer-
Date, Ma CDce 

:US± O.o7 J7 
l.64 ± l.M 9 

Keres Group 

Palm Canyon Formation 

(;I Alto, Santa Anti Mesa, 
and Cerro~~~ Rio 
~Basalt Fields'" 

Rel'er-
D•te. Ma CDal 

1.96 ±0.06 6 
2.4 ± 0.3 6 
U±IU l 
2.6 ±D..4 I 
2.6 ± 0.4 I 
2.6 ±0.2 

' 
(i 

2.78 :1: 0.44 .. 
2.16 ± Cl44 7 

2.8 ± 0.7 8 
2.1 ±~H II 
2.8 :f O.l 6 
28±0.1 6 
1.1 ± 1.{) 8 
J.l ±Ill 1 
4.4±0.1 2 

4.62 f 0.12 II 

Can~vai Caoyon Jhyolilc Tlchialma Formation Lobalo B11AII Bearhead lthyolilc D•cilic Rock$ AadllQlic Rods BaAtlic Jt.oc:k& Rhyolite ------Refer- Rd'c.-- Ref a- Rder- Rc&r- Wer- Rdo::.-- Refer-
Dale, Ma ·cru:e Dat.e.,fl.b cncc Dalc:,Ma cna: D.alc:-, Ma la!lt' Dale, Ma. e11.oe Date, Ma GIColC Date, Ma c:na:: Dale; Ma cnce 

2.01 ± 0.06 II 11.5 :t 0.28 6 J.6 f:0.4 8 S.B ± 0.7t'1_.. 11 
8.79 ± {).66 .s 2.07 ±0.06t 1 J.77 ± 0.12t } 7..6J f O.l6f 1 6..111 .t 0.09 .s 1.4 ± 1.6 ~ 8.69·± 0. Jilt J !I..K±Il.J 6 9.24± u 5 3.91 ± 0.18 12 7.11 ± Cl~ I 6.22 :f: L2 s 8.11 ±0..5 s 1.1!1 t 27 s 10.4 ± Cl.Sl 6 9'.)2 ± 1.6 :5 4.2 ±0.) 6 7..1 ±0.7 I 6.52 ± ClS9 5 9-.ll t 0.19t J 9.0f 0.] 6 ll2 ± L24 s lo.tl± u ' 4JI±U s 1.!1 ±O.S 8 '-"' ± 0.47 s 9.3) ± 0.191 ) 9.5 ± 2S 6 10.2 ±0.3 6 .5.0±0.7 (, 8.1 f0.2 6 6.11 :tO.IS II 9.41'±Cl.+f j 10.6 ± 1.4 s 10.5 t ll.~ :5 5.16 ± O.IJt l !J.Ol :1:0.22 l2 7.1:!: 0.2 6 10.1 ± 2., 5 12.4 i 1.98 5 S.6S ± 0..82t J 9.10±0.25 n '1.J'Z ± OA s S.71 ±018f 3 9.56 ±0.24 16 1 . .54 ± 0. 28( 1)• II u .2!0. \ (~.,l1f3) 

6.16 .t 0.9.5 s 9.6±0.3 6 
6..82 :t U.l7f } 9.6 t 0.2 2 
6.1'1 ± 0.3lt 3 9.7 ±Ill 2 

9..8 ±0.4 I 
Ut1.0 8 

10.12± 8,27 n 
10..17 ± Cl24 12 
.IO.JG±o.JG 12 
IO.JO±O.lO 16 
l0.-40 ±0.0} ll 
I 0.61 :f O.JO 16 
10.76±8..:!1 II 
14.0S ±0.13 12 
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s~bemet tend 1o obscure tbc diverti'Cy of rock typea io the 
volcanic field. Wicb few exceptions the I"'eks or tbc voll:aNc 
field are subalkalinc (Figure 4). and arc or tbe calc-aJt&liDe 
series [Smith 1t e~l .. 1978; l.c:lwrerw, 1979; Carfilltr, 1985]. In 
faG'- most andesites o( tbc Jemez Mo~mtains satisfy the criteria 
sup~ by Gill (1981] (or high-potassium orosenie ande
sites [ Gardtatr, 198SJ. For all of these rcuons, we include 
selected chemical &nalyHII of each aaajor unit (Table 3~ and 
adopt an approach to rock ~ornenclature based primarily on 
Si02 content. as loUows: Jes.s tball S3% Si03, basalt; 53-0.W. 
Si02, andesite; 64-70% SiOz, daQtc: 70-7.5% Si01, rhyolite: 
and iP'e&ter than 7S% Si03 , hi.gb-tilK:a rhyolite. A noteworthy 
result or out approach to rock nomenc!•twe is that what we 
refer to simply as dadtet have been variously called clacitc:a., 
latitcs, QUIJU latita, and rbyodad!Cia by othor worken. 

In a finaJ .Won of rhil paper we briefty discuss hy· 
dro1bcnD&l altera.tion eventl that hav~ occurred throusJ'Iout 
the hinory of the Jemoz: vole&ftic .field. A.ltbouS):I tbc t.imiq of 
these hydrothermal ~enta is prc:seady pOorl~ constraiaed, a 
discuuion of hydrotbemlal activity ia tbe C:OII'te&l of the '*OJ• 
canic stra~pby has Dever becD prev\olllly attempted. 

li"CimON OF VotCANUIN 

Based on field relaUoru and ZS new radiometric dates, G!Vd
tzf' "rul Goff [1984) sugested lhat "Jemez volcaniml" beallll 
srearer than 13 ML They reponed, boweter; the oldMt date 
yet obtained from the: volc::.aDic field aa 16.5 ± l.4 Mt: on a 
ba.sarute (Table J) rrom a sequence of alkali bualta iai!ttbed-. 
dcd wi:dl Santa Fe Group ~tl near St. Peter'z dome 
(Figurea 2 and 3~ Gtll'd~Wr [1985] coDCiudeclthat tbe Santa Fe 
Group alkali 'basalt scquenc:e ill unrelated to K.eree Group 
rooq, but all ac~hemical data are consilten~ with derivation 
or both groups' mafic mq:mAI ft(lm siJnilar upper ma.ntle 
source& Gordrter [1985] suae~t«t. howe\fer, that althoush 
they bad a petrOBcnesiJ scpa.ratc ftclm .. Jemez vokaNc roclo." 
the alkali basalts interbedded with tbe Suta Fe Group acar 
St Pmr's dome mark the on•• of the tberm&l au4 c:.aoaic 
eveGtS that have caused development or the votc:&mc field As 
suc:b, reprdlou of stratisrapbic usipmont, tbele alkali ba
salt! could lie construed .u rurkill1 the inOIJ)tioft or "Jemez 
voJeas~lsm." .tJ4ric:ll [tbi.s ilfueJ reports a date of14.~ :t: 0.33 
MJ on a unit mapped at Lobeto Bault [Smith .r "'" 1970] ;A t.be northeutcm Jemez Mo~Jatams: No peuolostc dala a.re yet 
avail&ble lor tbia dated bualt, but Altlrir:la [this issue) reports 
that it, too. il inlerbedded with saota Fe Group IICdimcnta. 
HeliCe inception or .. Ienaz volcuihn" il more a sea~antical 
problem thu a polosf~;~ probllsm. Clearly, vola:aNam ill the 
area had bepn by aho-.t Ui.S M.a. and .tome tocb ~ to 
formal suuipaphic poupe ot tbl Jemez volcanic field bave as• greater tban 13-l4 Ma. 

KDII GaotJP 
Bflfley er tJt. [1969J defined the K.- Group u beinr com

posed ot tbe threo formatiooa, Canovas Canyon Rhyolite. 
Paliza Canyoa. ana Bearlftd Rhyolite. md IQ informally dcs
iiJilaled ~.mit, tbe basalt of Cba.miaa MC/1111. Field relation~ Uld 
radion~Ct~'H: datet iodic:ate that K.fnl Group volcanic acti'lity 
spanned the period from. arcater tlwl 13-6 Ma (Fipre 1 and 
Table 1: see also GfiNinn tJIId Go.l[l984)~ Keres Group roets 
are be.lt ~ in the soutbcm Jemez Mou11tains ud in the 
nonbem rim oC Valle& caldera. (Fil\irtl 2 and 3~ Althouab the 
group contains a fuU spectnun of rock compoaitions ~om 
olivine tbolciiite basalt to bip-silk:a fbyolite (Table 3), it is 
volumecrkally dominated by udesites of the Paliza ea..,yon 
Formatioll. In fact, the teCODilltrucccd distribucion or KCTCS 
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fi,g. I. Gcncraliud $1l"llri8fapbic fdationl g( m•jor uiUI3 iD tbc vicinily of the Jc:ma vols:lll!K: fidel. Imsutu- stipple, 
Keres Gn>ILp Sormatio111; coat&C, replar nipple, Polvadera Oroup formations; random cluA, Tewa Group fGnnatiGDa; 
hori:;ot~t•IIY 1'\llcd pa1tem, youns basalt liel<ls, u indicaled. Duhod lina indica1e I.IIIClUU.imty. ~ 1 IC!Iematic IOIItb-ta
nonh (lefl·to-rilht) ~o~~Ction through the volc:aniclidd tmodified from Gartl~t~r and Gcff[1984] &ad Gt:rd11n [191SD. 

Group rocb alter aoeountiDI for efflllds of faulting. erosion. 
and caldera formation [Self '' al .. this issue] (also see dis~ 
cv.ssion by Gwtlrwr [lt8S]) fUyc11Q tbat rocks of this group 
ea.aily coutitutod atlout 1000 km\ bali of the volume or tb_c 
entire volcanic field. 

Nowhere baa the ttue stratiaraphic bue of the sroup yer 
been identified. Ncu St. Peter's dome (Fisuree 2 ucl 3). tbe 
K.erei Gro&&p wo~Qmic rocks unconformably overlie arkosic 
buiJ1.61J sedimeats or the Santa .Fe Group. Interbedded witb 
the Santi& Fe Group ue tbe o~y true aJkalioe basalts yet 
found ill the 1eira Mouduina, tha stntiaraphicaJly hishest of 
whic:b hM yielded a ci&t.c of 16.5 ± 1.4 Ma (Tabte 3) [Gill'dllel' 
dU Gt)ff, 1984]. TbcM buall.l mel Mdimentaey rocla may be 
indicati.,c or the onset of rihillll tha.t initiated and enabled 
d.evclopmcnl or the volcanio field. 

In the soutb central Jemez Mountains, Keres Group rocks 
overlie hydrothermally altered valcanie and bypaby5Sal rocks 
or the C01:biti minin11 district (~igure 3) [Smith st al~ 1970J 
(Bland sroup of SteiJJ tl983J). Although Smitlt 4t 41. [1970] 
showed tbe tODtact as unconfonnablc, ll. A. Bailc:y (personal 
<:ommunic;alion, 19BO) stated that the map contact was plaGCd 
som~wbat arbitrarily bec&u.e of uncertain relations between 
the two groups. Smi:h s~ AI. Cl910J showed tbiU tho Bland 
group rocka were of probable Eocene or OliJO<:enc asc, ap
parently based on their S'C$Cmblancc to similar rocks in the 
Cerrillos Hills and Orti.t Mountains; however, Ro!s er al. 

:· r 
I 
( 
$• 

[1%1] presented an .. inconclusive lead alpha a1e detCrmi
nation on tireons" of 19 Ma. Sttlll [1983) ob"irlod a K-Ar 
date on feldspar from a monzonite porphyry, oae of the 
younpr unils in tbc 81811d J[ou.p, of 11.2 ± 0.3 Ma. Re~ 
~onnaissauce in the Bland group illdic.atea that andcaitic: dikea 
arc numerous, "country roc:k" ia. abe area u lwo-pyroene 
andesite, and hisb-silica rhyolite il abundmt. AU or thole rock 
rypes, includiug the mou.zo~~ite porphyry, ate: pcuoll'apbkally 
vr:ry similar to Keres Group rocks. Futtbermore, WP'o!Uct.nvlcz 
er al. [1984] indicated that 10ld mineralization iD the Cochiti 
district postdates Bearhead Rhyolite (7-6 Ma~ Tbe.c rela
tions, together with Stein'a date, sugpst the Cochi'ti district 
rOQkS may be the iDtori01' or • dissected Keres Group VOicatiO-

[n die western Jem~ Mowtaim. Keres. Oroup rocka un
confonnably overlie Pa.leozaic~Mesozoic lim.cstoqes and red 
beds [Smitll er Q/., 1910]: Palia Canyon basalt &ad Cerro del 
Pino dacite (see ~low) lie unconformably on 111 irregular cro· 
!ional sW"face on a faulted(?) sequence of tull'accout. wacke. 
arkosic arenite, and conglomerate of problematic correlacion. 
Smirh Ill tJ/. [1970] depicted the sedimentary scqucnCII! as "Abi· 
q~iu Tuff of SmW1 [1938]," but ll. A. Bailey (personal com
munication, 1980; .R.. L. Smith and R. A. Bailey, unpublish.cl 
ma.pping, 1980) and K. Manley (pcnonal communication, 
1983) suggested that che sequence may correlate witb tbt 
Santa Fe Group. 

The younger limit ot Keres Group volcanism is about 6 Ma, 
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Fis. 1. Gencntli:=d map showing dis1ributi611 or major strali8flllhic 8t'O~&P' (patten~t are the ~~me u Figw-e 1) w the major £alllt 2:01!!:~ in tbe Jane~ Mountain~. 1FZ. JCIIIR faull. zone; S FZ. SAnta Ana Mila fault zone; CF'2, C&Dada de Cochili !auU zone:; PFZ. Pajarito fault ZOne; vc, vane. caldera: J., TCSUfletll dome or vc, T, Toledo cmba)'TJamt; lftd SPD, St. Peter's d.omt: (from G...-,. and (i(tff[1984); modified lrom Smither Ill. [1970J~ 

based on K·Ar datil of the Bea.rhead Rhyolite (Table l~ A• 
shown in Figure 1. wani111 Keres Group voicanie aetivity 
ovtrlapped tbe cati.Y activity of Polvadera Group fonnations. 
Conslsten.t witb the relations sugpsted by the K·Ar da'lea, 
conronnablc and UDc:onfonnablc contacts e~n between the 
two groups ill the northern wall of the V allea caldera, l\nd 
substantial volumes o! undated two-pyroxene andesites north 
of V allc:s caldera, J)ctrographiealJy identical to those of rhe 
Keres Orcup, are included in the Polvadera Group by Smlzh 
11 al. [1970]. Ftuthermorc. two rh,oliee domes mapped u 
Polvadera Group roda by Smitll et al. (l970J intrude and 
overlie Polvadera daciU:s; theae two domes are probably 
KcrC3 Group rhyolites in ap and chemistry {soc El Rechuelos 
Rhyoliac, below). Over mueb of the area. domes, ash f1ows., 
&nc! pumice deposits or tbe Tewa Group mt un~nformAbJy 
on (or locally intrude) a ruqed. ero$ionaJ toposraphy on the 
IC.ere.s Group. 

BQitey et 11L [1969] originally suppoeod tbat the bau.lt of 
Chamisa Mesa was one of the olOc:st units in the Jema voi
C'ilnic tield primarily beQusc of roladona oo Borreso Mesa 
(Figure 3) (R. A. Beilcy, personal commuDica.rion, 19!3) when 
Chamisa Mesa basalt is scparaled from Paliza Canyo11 buaJt 
by a Mqllel\«: or Cano'\l&s Canyon tuft". i'1lU wu apparently 
confirmed by a. date of 10.4 ± O.S M.a oa Chllni• Mesa 
buaJt [L.erullu tJtul Smith, 1978], the okiest at that time iu the 
Jemez volcanic field. New dates f.Tab'le 1) [Gcuarrer aflll Goff, 
l984J arul petrographic and seochcmic:al data [Crowley, l984; 
Cat4tle1', l98.SJ show that the bualt or Chamisa Mesa is indis· 
tinguishable from basalts of the Palin Canyon Formation. 
We include therefore, as did Ro1.r 11t Gl. (19611 in lheir .. ea.ly 
basalt," the basalt or Cha.misa Mesa within tbt: P.a.Jiu Cauyoa 
formation. 

BaiJey ee al. [1969) defined the Cochiti Fonnation, a vol· 
~z.niclastic sequence essentially contemporaneous with the 
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CANYON 
Fig. 3. Base map of Fisurc z s.llowini ltosraphil: locali1ies. Sec Table 2 for indn to ~itics. 

Keres Group but did not inclUde it within any of the strati· 
sraphic groups of the Jcmcr; volcanic field. Other workers 
have included portions or the Cochiti Formation as part of the 
Santa Fe Group (e.s., Hawfly, 1978; Ma'lley, 1978]. Bcaluse 
or intiana~ spaEial, t.anponL aenetic, and tectonic relations to 
fonmuions of the Keres Group (see below), we include in tllis 
discussiOD the Cochiti Formation as part of the Keres Group. 

Canoocrs C""yon Rllyolir11 

The Canovas Canyon Rhyolite consists of domes, plUS$. 
and a.sb flows of high-silica rhyoli\11 (Table l). Roas of this 
formation moat commonly a..-e aphyric with only a few dis· 
cernible crystals I)( plaJiocla$e, sanidine, qPattZ. and bioti~e. 
Ga"d"er [1985] arsues that the best model for the senesi$ of 
Canovas Ca.ay,on high-silica rhy~Jites i11voives their derivation 
from partial melts oC lowe( Cn.Lstal, granulitic roclts. Type ex
posures of the formation are in the Bear Springs area (Fisurc 
3) [Bailey et af., 1969], most of which i5 currently ina~:CCSsible 
because or private land ownership. 

The rocks or tbis formation overlie t.hc Santa Fe Gro1.1p in 

many localities and are: int~rbcddcd witb, or intrude, rocks of 
the Paliza Canyon Formation and che !&baric and basin ftll 
dcposiu of the Cochiti FormatiQn ($00 below), Where Ciuptive 
centers for these rhyolites can be identifi.od, they invariably lie 
on faults ofthe Caiiada de Cochiti fault zone (Figure 2~ 

While existing K-Ar dates of thil formation cluster around 
10 Ma. aeologic relations with a dated Paliza Canyon basalt 
and two date:! on a dome indicate that tbe formation is p-ealcr 
than 13 Ma (Table I) (Gard1111' MrJ. Gcrlf, 1984]. R.ooka of the 
Canovas Canyon Rhyolite are petroJ;rapbieally and chcmi· 
cally indi$tjnSIIishable from lhOH of tbe Bearhead. Rhyolite 
(hble 3). and bish-silica rhyolites are in\erbedded or intrude 
throughout the Keres GfOup sequ~:na:. Field and radiometric 
data indicate tbe two formations Corm a continulQn of high
silica rhyolite voiQ\nism from Jfl&ter than 13-<i Ma. We have 
placed a somewhat arbitrary boundary at about 7 Ma be
tween the Canovas Canyon aad Bear.head rhyolites (Fisure 1). 
This boundary is the appcoximate aae of a prominant stl"iti· 
graphic marker, the Pctalta Tuft' Member or the Bearhead 
Rhyolite (Table 1) [sec Bailey ,r dl., 1~9; Smirll rr "'·· 1970]. 
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TABU 2. hldn 10 Loca.lilies ofFi&u<l') 

Map 
Numba' LooatiOft 

[19115) sulxlivided the andeQtic unit of Smi&Jt 11r al. ~1970] into 
two sequence• of intermediate c:ompc:~aition rocks wbosc erup. 
tions were accompanied by on-soinl effusious of rhyolite and 
bualt or the Kerea Group aDd ba.saltic: eft'usions or the Polva
dera Group (Fisure 1). 1 

2 
3 
4 
~ 
6 
7 
8 
5I 

10 
11 
l2 
1) 

14 
IS 
16 
11 
18 
19 
2.0 
2l 
22 

23 
24 
2-' 
26 
27 
21 
29 
30 
31 
32 
33 
34 

Bandelier National Monument 
BcarhCilcl Pr,.t 
Bur SpriDp 
Bonqo Mesa 
Cerro del Pino 
Ctl'TO Pelado 
Cerro Rubio 
Ctttl)!l del R.io 
~rro Toledo 
Cochiti Canyon 
C~hiti Miuiug Dim'ict (Bland) 
Colle and Peralta Canyo1111 illtei'Sea 
EJ Alto 
Ouajc CU.)'Oil 
Indian Pciut 
Jemez !"'awaii 
Las Conchu 
Lobato Mea 
Los Oriegoe 
Otowi Rllill 
hjarito Plateau 
Paliza Canyon 

(Peralta ancJ 
Colle Canyons iotmecr 12) 

Polvadera PcaJr; 
Rabbit Mouni&ID 
ltesurpnt dome ol Valles caldera 
Rio del Oto 
R~P~ 
San Diep Canyoa 
Santa Ana Mcx 
St. Peter's do111c: 
T51nk&Wi Rum 
Tschicoma Mttuntaiu 
Tllrkey RicJJt 
VC-1 C'OTe hole 

Paliza Canyon bcuait. The unit consists of multiple J1o~ 
or olivine tholeiite basalt derived from u-pper mantle periodire 
sinlilat to that from wbicb tbc Santa Fe Group alkali b.ua.lts 
wece d.erimi [Garti~W, 1985.]. Table 3 coacaioa two analyses 
of Paliza Canyon basalt; typical compoaitiom show evidence 
of fractionation of primarily olivine and elinopyrol!.ene. Both 
sheetlike .and intrac:anyon fto-. are interbedded wi'tb Canovas 
Canyon Rhyolite, laharic and basin till depoaitt of the Cochiti 
Formation, and the lower Paliz.a Canyon andesit:ic unit. On 
Barroso Mc:~a (figure J) the unit conformably(?) ov~rli• the 
Santa Fe Group. In that tbc unit yields similar K·Ar dates 
(Table 1) aocl has field relatioM similar to the C&novu 
Canyon Rhyolite. Paliza. Canyon basaltic activity rcasonably 
bepn at about tbe same time, pat.et than 13 Ma. For the 
most part, Palm Cacyon basalt underUee the andesites and 
dacite$ o( Che Paliza Canyon Fonnation, but bualts can be 
fouDd interbedded witb all IC.or011 Group unlta except for Bear· 
head R.byoli~ I...t.tHU fDIIl SmW. [1978] report a date or. 
U ± 0.3 Ma on Paliza Cauyon b&aal&, ud da\CS ill tbe raap 
9.6 ± 0.3 to 7.4 ± 0.16 Ma [~ dftd S"'irh, 1978; DalrY"f" 
pfe 111 al., !967] o11. Loba&o Bualt io d1e ao~ :.Jemez 
Mountains indica" a cqntinvum of bualtic volcaDilit iD lhe 
Icmcz volcaDic field. from peaWr thaD 13 to 7 Ma {table 1 
tUld Fipr-. 1). • 

Pali:za CGP!yon Formation 

PtJiiztJ CQI!yon .. Gild.,~tf,_" 111e lower pan of tbc Paliza 
Canyon "mainly ancl~ite" JDap unit oC Smlrlt et al. [1970] 
consilta or dows alld domes or bypenthn•ausite andesite 
and hornblende dacite whicb an poorly preserved a..nd poorly 
ellpoeocl. Tbo lower portiOJ'J of the Ullil postdates carliclt Ca· 
nOVa$ canyon Rhyolite and Paliza CanyoD b&salt volca.nism 
but ia interbedded witb tbc upper Caaovu Cuyon Rhyolite, 
Pali:z:a Canyon basalt, and the lower Codrlti Formation. 
Stfatigrapbk relations witb 4atecl Canovu Canyon Rhyolite 
dcmes suJ&'C't that Paliza Canyon iDtermodiate c:omposition 
volcanism had begu11. by 12 ML Fiald relatio• fllrther suggest 

Smith ll al. [1970] divided the Paliza Canyon Formation 
into three informal rup units or "main)y basalt, .. "mainly an
desite," and "dacite, rhyodacite, aDd quartz latite." G.aTdner 
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o I<ERES GROUP & CERRO RUBIO . 

# 

~ 
0 

i 0 rp 8 0 
o o tO oQa 

i!e.o~ ~"4J"i!'g ~ 7 

+ ALKALINE 
0 ... 
~ SUBALKALINE z 

tl 
oa a 

~aD~~~ 
4 lJ 

6 A 

A 

~+---------~------~------~--------,-----------------~-----------------44) 80 70 

Si02 (wt. %) 
Fig. 4. Total alkAlis vtrsiiS SiO~ for rocks of 1ht lema vok:anic field. Clatvc: scparlfinl allcaJU!e lllcltubtlkaline field1 

is from lroirN! 11nd Barlilgfl1' [1971]. Data are !rom Table 3, l.JJef}'lp ( 1!184], GtrtiMr [1985), amt J. N. Gardner and f. Golf 
(unpllblishecl da1a, 1985). 

. 
. ~~,· .. '· .. ~~~ ~~. . . .... ;-
>' 

80 

;;.::,. 



(J), 
(T1 

"lJ 

~ 

~ 
1\) 

.. 
~-,~: .. ·""· I.D 

CD - -· . •· , .. 
:.-· -:::-·. 

~ ... -· ... ~, -,.) 
TABLE J, CbemiA.I AnalyKS of Rot;ks From E.dl M•jor 81£atip•phic Unil of tile Irn~cz Volcanic Field 1\) 

(JI 

Pllliu Cttjl011 Ct~~Dwn C.anywm Paliza C.nyon P.lir.a Canyon 
J) 
::::::: 

Saul• Fe: Basallll lhyolilc Andesite Dacite r Group &arlte.ad l.ob&lot T5chiaJm&t Tscltioom:a J) 
Bas:~nile Type I Type 2 Type I Type 2 Rhyolile Basa.ll AndA:sitc Dacite -1 

J) F81-.5Cl IGI!lJ.SJ Rl·22 JGI1·SI JGI0-47C JOIIO-ll! JGBl-48 1081-U JGII-lOA JG81}..49 SB224 lMJB JGI!0-12 " 3 
(J) . ·-... ··· •... ~-.-~ Approlim•tc J6.S IJ.2 ll II !l1 8 8 9 8 ua 8 6.S 5 0 

~~'~:.~ 
ase.Ma 

"-1 ajor Elmtenl5 _...,. .... l, 

.:;~:-:. ... -.. SiO, 43.82 'iill.62 ~l9S 16.01 76.63 S9.91l 63.47 66.41 67.45 76.16 SO.St 60.76 67.11 
Ti01 2.J6 1.76 U7 0.12 0.11 1.09 CJJB 0.61 0.4ll OJI L47 0.93 0.51 

0 AI,O~ IJ.14 11.77 IS.6S ll.71 12.~ 16.J7 16.1!i l!i.Jj 15.43 I:UI 1&.00 16.54 IS.28 
~ Fc:,o,• 12.35 10.27 9.34 0.68 0,17 6.40 4.4:S 3.27 J.J!!I 0.68 11.05 6.02 3.68 MDO 0.11 O.I.S 0.13 ILO.S 0.04 0..08 0.09 0..07 MS 0.~7 0.16 om 0.06 c MgO IOl•S 3.91 1.96 0.67 0.00 2.66 I.&S O.S8 U2 O.!M 6.71 :B4 L6!' 

CaO 10.00 9.()8 8.31 0..~ 0.47 5.27 ).87 1.91 3.10 0.4(1 9.~6 4.62 140 !.1 
Na.20 J.lfi 3.99 J.n J.11 3.80 4.2~ 4.21 5.4() ).19 }.~ 3.11 1.74 3.90 ~ K10 1.47 1.29 1.01 UJ 4.62 2.SS lll! Ul ll4 4.b1 0.9J 2.!12 :u!l " ... P,o, 0.17 .0.66 0.)4 ... MJ 0.40 0.2:S 0.19 0.12 IH~.S 0.40 0.22 O.J4 .. 
L.O.l. 2.l6 1.16 1.4J 0.41 0.41 0.47 UJ O.S1 0.60 ILJ1 0.61 0.82 1.46 fi To1•l 11108j 100.66 99.76 93.02 99.14 99 . .S2 1<10.10 ()Jl.lllll 99.l7 98.52 lOI).SI 9~.10 IOO . .SI < 

0 
Trao! Elements r 

'1 
Cl ... ·-· ... 300 480 --· 620 ... zoo 330 11.a. n.a . soo ~ Sc 24.9 2) 26.3 1.9 3.2 12.9 &.I 6.1 !i.!i :u ~).j IJ S.I () 

v 260 254 176 ... ... 144 78 Jl Sfi -·· 220 104 .SI! "'1 
!il Cr 1SO 21 211tl ... ... 2.5 II -·- 11 . .. l:l() 29 22 ... 
c Zn ... 72 ... ... 21 7l 52 Sl ]I) -·- n..a • n.a. . ... 

Rb 65 30 n.a. J8.5o IJ9 'liS 68 95 64 154 14 S(} '19 
Sr ltl5-8 IOH n.a. S6 60 718 769 50S 410 62 1M 641} SIO Zr ·-· lSI n.a. 116 Jl2 241 ]61) 4S4 212 121 IJJ WI 189 
Nb n.a. 20 lUI. 21 10.6 19.6 2S.3 }I} 14.7 21.3 IJ 20 11.3 
C5 ~ ... <1.7 s.s ~-' ... 2.2 21 0.7 3.1 ··- 0.6 1.4 
Ba 1400 710 j.9() D.l. 810 12!10 l44C 2400 IJ'IIO 100 48J 1157 1180 
La 48 52 21.6 41.1 2U !10.2 S7.9 114 42.9 30.4 )() 49 44.1 
Cc 96 73 43 54 54 13 83 129 ~ 52 'li4 9'1 !14 
Nd 50 n.a. ... D.L n.a. n.a. n.a . ll.B. n..a. n.a. n..a. n.a. .. .•. 
Sm 9.4 7.0 4 . .S 2.S 3.9 S..& 6.1 13 S.:J 4.4 S.8 1 4.4 
Eu 2.3 2.2 1.21 0.25 0.40 1..6 1..6 2.1 0.93 0.51 LSO 1.4} 1.0 Dy S.l s.s 4.2 ..... 1.8 -4.1 5.1 12.1 3.2 .s.o .S.O S.J 1.0 L1 
Yb 2.0 2..9 1.9 1.1 1.0 2.2 :u i.) 1.S 2.6 2..6 2.1 l.S tO "' 4.9 4.1 3.4 J.S l.S 5.4 6.3 \lO ),8 3.2 lS H J.S '·, 
Th 4.4 6..1 2..(1 2U 12.9 7.7 9.4 •.J.U. ].4 J2.0 ).0 K.4 7.5 

p 

--.1 u 1.47 2.111 0.72 fd9 ].94 2.62 1.92 S.2l 1.38 4.12 0..15 2.:'!6 ).Zijl 
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that intense faulting within the Ca.ilalla de Cochiti fault zone 
(figure Z) ac:companied lower Paliu Canyon andesiti.c vol
canism, causina a paucily of outcrops of aad. th~ bc:st preKr· 
vation of samplca of the lower Paliu Canyon andesitic unit as 
anaular cobbJQ iD Lbe immature basin fill gravels or the Co
chiti Formation. 

Uppet Paliza Canyon "'anciesitew'is the mo.u volurrlinuous 
and widespread llllit or the Keres Gcoup. Th~ 51;QUence j~ 
composed of multiple flows of two-pyroxene andesite, minor 
pyroclMtic deposits, and minor domes and ftows of dacitic 
rocks. On Cerro Pelado and in the northern topographic rim 
of Valles caldet·a (Figures 2 and 3) tbr thickness of the unit 
exceeds 300 m.. Larae blocks of andesite or this un.it O«:ur in 
the caldrra fill tuff in Valles caldera [Goff and Gardne,. 1980; 
R. L. Smith and R.. A. Bailey, personal eommunication. !980]. 
Union Oeothennal Company has penetrated "substantial" 
thicknesses of andesite :u~d andesitic einder ( > 300 m) of this 
unit in their exploration drilling in the resursent dome: of 
Valles caldera (Figure 3) [Nielso11 and Hwfe'l, 1984; R. Dc:nton, 
penonal communication, l9SOl HCnQC rhe r~nstructed d~
tnbution (sn Sii/f 4!t al. [this issue) anQ Gardner [1985] for 
discus.sion), after acco1.1ntins for effects or erosion, fauhins, and 
caldera formation, sugests that the original volume of this 
unit was nearly half of the volume of the entire volcanic nelr.t. 

In tbc southern and southtastem portions of the Jemez 
Mountains, the upper Paliza Canyon andrsitic unit is separar
ed from the lower portions of the unit by a thick intcr..,al of 
interbedded Canovu Canyon tuff, Paliza Canyon basalts, and 
laharic ,iUJd bal!in till deposits or the lower Cochiti formation. 
In the south central portion$ of the Jemez Mountains, the unit 
overlie5 the rocks of rbc Cochiti mining district (see a.'bov~' 
(Figure 3). em tbe western side or the area. .andesites or this 
unit ~nconformably overlie Meso%oic-Palcozoic rocks, Mio
cene sedimentary rocks, or Paliza Canyon basalts. 

Ncar Las Conchas, in the southern rim oC Valles caldera 
(Figure 3). upper Paliza Canyon ar.desites unconfo!mably 
overlie hydrothermally ahefeci Paliza Canyon basa1ts, loealiy 
separated by a rh1n sandstone. In the southern Jemez Moun
cains the upper Paliza Canyon andesile is locally and con
rormably capped by the young Paliza Ca."'yon dacites (sec 
below) and is inttudcd by se-veral dacire pl1.1gs of Tschicoma 
Formadon aee and chemistry. Exposures of upper Paliza 
Canyon ande£i~e in the northern rim of Valles caldera are 
locally in both conformable and unconformable oogtae'l with 
-'Yer!ying Tsc:hicoma Formation andesites and dacites. Com
monly, a 5ilicified sandstone separates the Paliza Canyon .an
deshes from Tschi~;Cma dilates near the Toledo embayment 
(Figures 2 and 3). Thus tie.ld relations and K-Ar dates (Table 
I) COD!'Itrain the uppc limit or Paliza Canyon and~site [0 

about 7 Ma. 
You~~g PalizG CIVIJI()II dDCitts. Plugs, domes, and breccias 

of dadtk rocks intrude and overlie all units or the Keres 
Group except for Bearhead Rhyolite. Most volumino1.1s of 
these are the dome c:omplnes CX!mprising rbe mountain peah 
Los Gricgos, Las Conchas, Cerro del Pino, and Ruiz IFig1.1rc 
.3), Although they exhibit some petrographic variability, roc:ks 
or th i4 \lCil tt:nd to be <:aare.ely porphyriti¢ with plagioclase, 
two pyroxenes, and hornblend.e ±biotite. Commonly, Ollt
crops or this unit contain 1-10% vesicular clotS of Ca· 
plagioclase and acicular hornblende. PetrographiCJily, some 
ro.;;ks of rhis unit are similar to dacites of the Tschicoma 
Formation. 

The upper Pa.liza Canyon andesite is the younJest urdt that 
tht$e dacites overlie. Qn.e date or lO.l ± 2.5 (Tab(e l) obtained 
on Cerro del Pino (Figure 3) b probably only reasonable at 
the younge:r limit of reported error. Although the dated dome 

is only in unconfocmab\e contact wirb Paliza Canyon basa1t, "' · 
tssentially contetnp~Jraneous domes of the Cerro del Pino [;,;, 
complex o\lerlic 1.1ppcr Palin Canyon andesites immedjatel:V"'"'::;;, 
to the east. [n a few loc:alities. dacitic r~Xks of this unit a1\ 
intruded by domes of Bearhead .Rhyolite (7-<i Ma; see below~ 
K-Ar dates and field relations suggest the~ore. that the age 
of this ~o~nit is probably 9- i Ma. (Table 1). 

Table 3 shows the chemical composition of a typica.J Palita 
Canyon andesite (type I) and a et~mpositionally extrcmtc 
FaE:(a Canyon dacite (type 1). Gardtm· (1985] demonstrated 
that most Paliza Canyon basalts, andesites, and dacites repre-
sent a differentiation sequence with liltle or no inter~tion of 
the magmas with crwtal matc:rial; 'r,e noted. however, that 
small volumes or Kere& Group andesites and <W;ires. very 
similar to Tschicoma. Formation r~ks, have bc:cn generated 
by mixing and horn.oseni:ation of andesitic and hi&"h-silica. 
rhyolitic magmas (Type 2 11ndesite and dadle., Table :3~ 

B~a,.itead Rhyolite 

The high-silica rhyolite plugs. dome!, and tuffs of this for
mation ate cherr.ically and pctrograpbically indistinguishable 
from the Canovll..5 Canyon Rhyolice (Table 3~ and Gardner 
(l9S5J sugge$te-0 (!erivacion of Bearhead from partial melts of 
lower Ct"Uotal granulitic rocks. Inclu.Q.ed in this formation ill the 
Peralta Tuff Member which consists of massive lithic tuff. 
beddc:d ash falL and water-worked ash as typified by u:
po6urc:s n~;ar tbe intersection of Colle and Peralra Canyons 
(Figure 3). Eruptive centers, where they have hem-identified, 
lie on faults o( the Cafulda de Cochiti rault zone IF"Ji'ure 2). 

Bailey er at. (l969J stated that Ibe Bearhead llhyolite is 
unconformably O'icri!Un by pediment sravels. correlative to 
formations of hue Pliocene--early Ple\$COccnc age. As men· 
ti<lncd above. field relations and K-Ar dares (Table 1 and 
Figure 1) i~dicate a continuum or rhyolitic volcanism throush 
C:1nova.s Canyon and Bearhead time. from gnater than 13 to 
6 Ma. We restdet the term Bnrhead Rhyolite to fh~ hish· 
silica rhyolites that postdate Paliza Canyon Formation vol· 
canism to be consist.an.t with the usap or B.:Uie:; er o.l. [1969] 
a.n4 Smitl! et 41. [1970]. Thus a boundary at about 7 Ma,. 
which is the approllima&c age of the Peralta Tutt, separata 
Canova:~ Canyon and Bearhead chyolitc:i. Tbe younger limit 
of Bearhead activity appears to be about 6 Ma (figu.re 1). 

CtKhiri FormQtion 

Bailey et al. [1969] define the Cochiti Formation as "a thick 
seq1.1en~ of volc:anic gravel and sancl. consistin1 or basalt, 
andesite, dacite and rhyolite detritus derived from pen
ec:ontemporaneous ero,iol'l of units of the Keres Group.•• As 
su.ch, che formation is. inrer!)edded with .~nits that span !he 
time encompassed by K¢res Group volcani1m (see BtJiley ret 
al., 1969). 

Deposits of this formation consist primarily or lahars. vent 
breccias, and gravels. The sravels contain angular cobbjes of 
dacite and andesite of the Paliza Canyon Formation, with 
sllbordinate amounts of Paliza Ca11yon basalt ;;md Canovas 
Canyon Rhyolite, set in a volcanic sancl maim. Commonly 
interbedded with the lower Cochiti Formation are Paliu 
Canyon basalts and Canova$ Canyon tuffs. The Cochiri For
matiOil pinches out in the ~stern Jemez Mountains but is 
about 30 m thick in Paliza Caayon ami thickens to greater 
than 200 m in the vicinity of Coc:hiti Canyon and St Pe!e.-·s 
dome ar~ wliere the detritus was being washed to the east 
i.nto de\lelopmg basins or the Rio Grande rift (Fisures 2 and 
3). 

The g!ometry of the Cochiti Formation $Vggests that the 
Cai'iada de Cochiti raulr l:one was, in effect. a :tone of growth 
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fawt$' bo1.1ndin1 the weat side of the Rio Gl'alldc rift. Tile 
couse cobble siZe, poor sortii\J, and crud.cJy cieveloped bod· 
dins of the basin fill depotill are i!'ld.icativc of relatively t11.· 
tense rift fauttina tbat accompanjcd Lhe early stages of dcvd
opment orth~ vo~fidd. 

PoLVADEilA GII.O'l.'P ~ 
The Polvadera Group conml$ of the three formations frOJID 

oldest to youngest, Lobato BasaJt, Tscbicoma Formation, a111d 
El Rec:hueloa Rhyolite [Bailey et al., 1969]. Relations or the 
group 10 tbc Puye Formation are analogous to the relations 
of the Keres Group to the Cochiti Fonnation, except that tlte 
Puye Formalion • a la.rp alluvial Can [Mt:P~on cr a.t, 
1984]. Hence, as wiah the Keres GrouJ) and the Cochiti Fo~r
mation. we include the Puye Formation a.s part of the PoiVII
dera Group in our discU&saon. The level of stratiaraphic detail, 
discussed abo~c: for the Keres Group, is not yer available 
within the Polvadera Croup. Our discussion is based largely 
on our reconna.iasanc:e work, relations published by Grigr;1 
[1964], Bailey er Q/. [1969], and Smitlt et td. (1970], and pet·· 
sonaJ communications from individuals workinK on variOUIS 
aspectS of the Polvadera Group. Polvadera Group rocks ilre 
best exposed in the nonher11 Jemez Mountaiu (Figure 2~ b1J1t 
a few cleepty incised phlBS of Tschicorna dacite, whic:h intrude 
upper PaJiu Canyon andesite, bave been found in the soutb
em Jenaez Mountains (Gcvd,_., l9iS]. As deiined by Bailey •·t 
Al. [1969], tbe Polvadera Group contains a :spectnlm of whole 
rock compo1itioos (Table 3), but it is vohimetrically dollli· 
narcd by nearly 500 km 3 of Tscbi~oma Formation d.acite (1. D•. 
MU'Orcsor, personal corrunuiiXalion, 1981). 

l.AixJto Basalt 

The Lobato BuaJt consists or multiple ftows or olivia~ 
buaJt which a.re similar in petrography, ebcmis1ry, and pet· 
ropne~U to Paliza Canyon basalts (Table J) [L~er, 1984; 
Gf»'d'ltfr, 198S; BtJltlridge and Vam'~tU~n, 1985, R.. A. Bailey, 
pet$0Dal communicarion, 1983]. In £act, distinccion between 
Lobato and Paliza Canyon basaliS for reasons otl\et than 
geosrap!Uc distribu,ion may be somewhat artificial Jiven th~r 
petroloJi<: and temporaJ similarities (Table 1 and Figure 1). 
The Lobato Basalt forms prominent mesas, such as Lobate• 
Mesa (FiKUrc 3). in the .11.0rtbnstern Jemez Mou.ntaios, ancl 
overlies Abiquiu Tuff aQd Slnta Fe Group i«iimonts. One: 
early daate flow or the Tsc:hicoma Formation is intcrbcddedl 
with the basalts in Rio dol Oso (Fiprc 3) [BaUey et IlL, 1969}. 
For the most pan, however, the Lobato BISalt is conCor:mably 
overlain by the Tschkoma Formation. Numeroll$ di.i:a of 
Lobato Basalt intrude Santa Fe Group sediments Ul tru. 
northeastern Jernoz Mountains [Smlrll tt at., 1.970]. Raclio
metri~ dates on Lobato Basalt iJidicatc that the larscst volwm
ol the fonnation •• erupted between abo11t 10 and 7 Ma 
(Table J~ Aldrich [tbia i:auJ, however, cites a date o(' 
14.05 ± 0.33 Ma on ~ basalt, interbedded with Santa Fe 
Group sediments, which wu rnappcd as Lobato Basalt by 
Smith tl al. [1970]. Bualt8 interbedded with the SIL!lta Fe 
Oroup iD the northeaster!~ Jemez MoUIIttizu are particuJarl;y 
problemati~: with res-pect to usipmont to strati~raphic 
groups. 8ec&Uie or their SpatiaJ &Del tempOral relations, many 
of these bua.lts are tabulated u .. Lobato Basalt" 1n Table 1 
(sec, lor example, BQ/drillgc er al. (l~80J and MGnley tuUl Meh· 
nert [1981D. 

T .u:hltDifiG F ormtJd(ln 

The TGChicoma Formation wu defined by Grigg• (1964] 
atld c:o.nsms of voluminoua domet and .t1owa of da.c:ite typified 
by CllJ)osurea on l'schi~ma and Polvideri.. )'eab (Fisure 3~ 
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with subordmant &mOWltl ol andelitc. Tschic:oma FormatiOIJ 
andesites are typic:a.Uy porphyritic with plqioclase, au&ite, 
and hyperstbene,. very similar to those or the Pali2a Canyon 
Formation. Data of Srrtith et GL [1970J atld Loe§l~, [1984] 
Suii!Je:n most Tschicoma andesite~ (Table 3) are a younger 
(about 7 Ma 7) senetation of Paliza Canyon-like diJfereruiatcs 
Of basalt that have uperienced CODtamination wjtb upper(?) 
crustal material. Tachicoma dacites ('Table 3) are commonly 
eoanely porphyritic with p!agioclase, augite, hypersthene, and 
hornblende± biotite and appear to have bms scaerated by 
mWnl and homo&enization of mapnu whoee composition& 
are well a.ppro.ximated by Paliu Canyon a~~dc:sit. alld Keres 
Group .biaJ:a-silic:a rhyolite. [Gar4ncr, 1982. 1983: LtHjJI,, 
!984; GQI'Mer, L98!iJ. Tho Tac:biooma Formaliou ~o~n· 
conl'onnably overJ:ies Abiquiu TWf and the Santa Fe Croup in 
the northern Jemez Mountama.. Flows or rbc Tschic:oma For· 
matioll int=rtinger with depotita of the Puye Fonnatio.D. Botb 
c:onronnable &nQ IUiccnformable ~:antacts exist betwocn tbe 
T:sehicoma Formation and the Paliza Canyon F'otmation in 
tbe rim of Vanes Clldcra. and both conformable and un
conformable contact~ ~~ bctwem the Tscllicoma Formation 
ancl Lobato Bualt.Jladiometrk; dacca for lhe 'Jschicoma For· 
mation span approximately 7-3 Ma (Table 1) &nd Ts~hicoma 
FormatioD volcanism overlapped Ooth wa.ninJ Keres Group 
volcanism and early Tewa Oroi&P vo~ism (Fiaure 1~ 

El Reclu.elos Rllyofite 
Bdi~y ef al. [196!)] propoeed the JWnC E! Rec:hueto. Rhyo

lite for the rhyolite thai fomu ave small domoa and a imall 
pumice cone in tbe northern Jemez Mountains 'MSI and nonh 
of Polvadera Peale (Fii'U'C .l). ~ [1984] and YCVIimtD'I 
and Ba/(Jritlge [1985] ind.k.atc .signifimnt pctrographie and 
cnemical variability in til. formalio1. The "EI RecbgcJos pet· 
rogaphic type" or D. T. VaniJUn and W. $. Baldridge (un
published <lata, 198S) appean to be about 2 Ma (Tables 1 and 
l), but tbe remainder of tbe formation ana) be petroaenetically 
unrelated. [n fact, two domes, recop.ized by Bail.ry et Gl. 
[1969] as beiDS older than the reet or tbe formation, have been 
dated al 7.5 ± 0.3 Ma and 5.8 ± D.2 Ma (D. T. v.mman al1d 
W. S. Baldticip, unpl.lblisbcd data, 1985). Tbose dates toaerhllr 
with preliminary chemical data sua-t tbat the older El Re
~huelos domes may be Keres Oroup rbyolitu conramiuated 
w_itb more mafic: mapna. 

Puye ForrruJiion 

The Puye Formation, described by Gri.ggt (1964] and de
fined by Bdiley II 111. (J~SI], COnsists o( pub, lahars, COD• 
glomeratea, and tufti derived ftom. for the most part, and 
interbedded with other formatio11111 or the Poi~W~de .. Group. 111 
contrast to the $OIIIewbat ualo,ow Cochiti Formation. the 
P\:4)'e Fonnation forms a broad aUuvial fu [Mdherfon 11r AI .. 
J984J wbose dcpotiti extend in tbe prc.BaDdelier Tuf subsur
face 15 kJn soutb-sout}Jwest ol the nearest surface cxposWil$ 
[D,.a~fl/4 IJ1Id Chzrd~~D", 198S]. lbC$C relations, in contrast to 
the ,geometry of Cochiti Formation deposit$. may indicate 
deposition of moat of the Puye For~na~ion in a period of 
relative tectonic inactivity. Stratisraphic relation. witb Tschi
coma Formation tocks, Cerroe del Rio ON&lts. and the Ban· 
delier Tuft' sug~t that the Puye FonnatiOD ranges in age 
from about 7 EO 1.45 Ma [Batley tt Al., 1969]. 

TEWio G:aOlJP 

As defined by Griggs [1964], Bailfy et 111. [l969J, and Smith 
er aL [1970], the Tewa Group includes from oldest to 
yo1.1ngest the rormatlons Bandelier Tuff, Cerro Toledo R.hyo· 

·-------'-;~~i:s~~:~Y~----·- ··-
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lit~ Cerro R.ubio Quartz La.dte, and Valles RhyoliiC.. and 
these workers show 1he lo'wer (Otowi) member or the Bandel· 
ier Tuft' (1.45 Ma [Doell er aJ .. 1968J) as tl\e oldest unit in the 
group. However. at least three pre-Bandelier silicic rw.Jfs have 
now bec:u recopizal. in the southwestern Jemez Mountain• 
[Kice et tJl-. l~82; Self er "'·• th.ill iuue], anci new K·Ar dates 
and inteq>rctatio'Oi or field relation$ regarding Cerro Rubio 
Quartz Latite (Table I) reveal that it is much older than pre
viously thought [Heike" er al. this issue]. Based on the data 
of Table 1 the Tewa Group, as defined, spans 3.6-0.13 Ma and 
overlaps with tbe ap of upper Pol \ladera Group rocks. 

Chemically. the gro11p eoJUisu almost entirely of rhyolite 
(Table 3) and by far the la.rse:st volllme of rhyolite is npre· 
5entcd by the Ba.Melicr Tutr [Smith and Bai~y. 1966]. .tJ. 
though presumed to be a comagmatic sequence [Smt,IJ, 1979]. 
published geocbemi~a.l data from the T~a Group are sparse. 

Tewa Group deposits unconformably b~nk:et or intrude 
most older volcanic units or the Jemez volcanic field and are 
best exposed within the Valles and Toledo calderas.. the 
Toledo embayment, and on the plateaus that flank the east, 
west. and north sides or the Jemez Mountair.s (Figures 2 and 
3). 

Cerro Rubio Quarrz l..lllite 

The Cerro Rubio Ql.laltz Latitc wnmts of two very si.J:nilar 
domes tbaE lie within the eastern Toledo embayment (Fisurcs 
l and 3) rHetlcen er iJL, this iuue]. Petrographically, the CWO 

domes are nearly· identical, containing small phenocrysts ot 
hornblende, plagioclase, b)'t'ersthene, sparse biotite., and rare 
quartz in a devitriti.ed groundmass. Smtrll er af. [1970] indicate 
chau che north dome o( thi15 pair .is a shallow intnuioo, but 
their telCt\lm ac-e identical. 

Based on apparent ticld relatioll5 In the e&:lyons sur
rowuiift! these domes, Smith et al. [!910] interpreted the 
Cerro Rubio Quartz Latite to 'be intrusive into the Cerro 
Toledo Rhyolite which also ti.JJ.s tbe Toled-o embayment. In 
addition, Smirll [1979J indicated that tb~: uonhem dome was 
emplaced alter the eruption or lhe upper (T:~hirege) member of 
the Bandelier Tuft', while the tuff was still hot. It appears to us 
that the Cerro Toledo Rhyolite intntdC$ ~he Cerro Rubio 
domes and tha.t only Bandelier Jyff, Showing 100 cvideoc:e oC 
alteration or effects or intrusion, overlies the dome$. Our inter
pretation is substantiated by two 1<-Ar dates on plagioclase 
separates that yield ag~& of 2.18 ± 0.09 Ma Cor the northern 
dome aDd 3.S9 :t 0.36 Ma for Cerro Rubio (Heiken er cd., this 
issue]. · 

Cerro Rubio Quartz Latite is rnine.ralogica.lly and chemi
cally similar to the dacitic rocks that coml)O$e the major 
volume of the Tsc:hicoma Formation (Table 3). Because the 
age oC Cerro bbio Qvaru ·Latitc is within the time span or 
Tsc:hic:oma volcuiam, we suggest that the two domes of ~m 
Rubio Quua Lati10 arc shallow intrusions or the eroded 
cores ol extrusive domes of the Tschicoma Formation th~t 
he.ve been partially obliterated during fofmacion of tbe Toledo 
embayment.. 

Pre·Bawlelif!!r Slildt Tllffi 

Not includea in tbe formal stratigraphy of Bailey •t aL 
(1969] is a sequence of at least three tuffs older than, bllt 
chemically (Table 3) and petrographically similar to, tbc Ba.n
delier Tuff [Smirh, 1979; Kite tl al., 1982; Self et tJl., this 
issueJ. This U!Uia.Oled seq~u:ncc of pumice beds and ash fall 
and ash flow tuft':~ "ndcrlics th~: Otowi Member of tile Banclcl
ier Tuff along the southwenern wall of Valles (:a)dc:ra and 
rarther south in San Diego Canyon (Fi&\lte 3). NieiS(111 <P~tl 
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Hulen [1984] recognized tbis sro1.1p gf tuffs in many deep 
geothermal well!J at the bOltOm Of ~ha ~:aldera-fi.ll scquenoe 
inside Valles caldera, .and the 111ft's arc also present in the c:orr"',..,,·, 
from core hole VC;l near the southwestern riftg fraeu.m:: zon, .. 
of the caldera (figure: 3) [Oo.ff er 41., this issue]. Pumice de
posits inferred to be ~:arrelarive to these tuffs art found in the 
upper Puye Formation r.ortbellst of Valles caldera (B. T11rbc- v· 

ville. personal communication, 1984]. Although correlatiot\S 
are still problematic ar.d the un~rtaiaty of one K.-Ar date is 
large (Table 1), these t-uffs were probably erupted 3.6-LS Ma; ' 
Smith [ l9?9J interred the ap o£ one of the~ tutrs to be l. 9-l.S 
Ma. 

Chemically, a sample of pre-Bandelier "l8f2imbrite B" 
pumice closely resemoles borb lower and upper Bandelier 
pumice ex~pt for variations in the ratio of alkalis. Petro· 
graphicatly. the pumices contain abundant quartz and sani
dine phenO(;rysti and $pat6C mafic minerals. 

Bandellir T'~ 
The Bandelie:r Tuff comists o( upper (Tshiresc) and lowar 

(Otowi) mem'bers formed during catastrophic ctuption or the 
Valles (1.12 Ma) and Toledo (1.45 Ma) calderas, respectively 
[Smith .;rrul &ifey, 1966: Doell rill cl., 1968; SPPJitll ef al., 1970; 
lzttr et al~ 1980]. Each member c;anrainl a prominant as.h fad 
bed at tb.e base; the: Guajc Pumice is at the base of the Otowi 
aad chc Tsankawi Pumice is al the bat of the Tsbircp 
[Bailey et aL, 1969]. The Bandelier Tllft'fOrni51W'O supef'IIC*d 
thick composite ash flow sheets that are bost c11.pgsed in can
yons of the Jema and PajatiiO plateaus, west alld cast of 
Valles eaJdera (Figure l). Generally, tbc upper (Tslrirep) 
member is the more densely welded of the two units, and 
welding increases as distance rrom their caldera sources de ... 
crewe~:. Inside Valles caldera. Bandelier Tuff varies from fresi 
very clenscly welded tuft' to silicifiecf welded luff to hy· 
drothermal1y altered naif and tu.ll' breccia [Goff and Gm"dner, 
1980]. Both members conra.in lithic rraiPl'lCnts of pr~aldera 
volcanic rocks, Paleozoic sedimentary rocks, and rare Pre. 
cambrian rrapnen~s. alrb0111h the lower member is clearly 
more lithic rich [Bailey a1lil Smirla. 1978; Eiclwlberger cuul 
Ko.::h, t979; Pouu, 1983; S~lfer !Jl., this issue]. 

Petrographically, the tuft's contain abundant quartz and sa
nidinc phenocrysts and Sl)at'Se mafic mineraJs in a eutuilic 
groundnws. The uppermost part of the upper member coo
ta.ins anonhoclase and hypersthene, whereas the lower part of 
the member conraios sanidine and rayalhe [SI'I'Iith mJd 84iley, 
1%6; Doell et al., U68J. $anidinc ltlay display a pronounced 
inidesc:enu that is most common in densely welded zoaes. 
Cbemically. the Bandelier Tuff is composed of rbyoJite having 
iow CaO, K 20, an4 NalO contents chat are variable. 

Cerro Toledo Rhyolitt 

The Cerro Toledo Rbyolice wu originally defined by GriggJ 
[1964] and ~.olUiiJb o£ a JI'OUp Of ID.aft)' C:OaJeseed domes 
inside the Toledo emba.}'JDUt, an arc oi four domes believed 
to represent a remnant ol Toledo caldera moat volcani$& and 
a single dome (Rabbit Mou.ntaill) tbat was erupted 011 the 
eastern margin of Toledo ~a (Fipm: 3) [S'I?Jith et at~ 
1970; Goff It al., 1984; Ht;k;:ra et lll .. thil issue]. Domes and 
tuffs of Cerro Toledo Rhyolite innudc the two domes of Cerro 
Rubio Quartz. Latite, as me11tiooed above, O\lt are overlain by 
welded. upper Bandelier Tuft Tuft'•. flows. and llow breccias 
from Rabbit Mountain OQC\It bctwocn lhe two members r 
Bandelier Tuft' in some caoyons eut of the Toledo caldera. r-.. 
sequence of uh falls beat correlated with Cerro Toledo Rbyo
Ute inside the: Tolc:do embayment oc:curs be1ween tbe two 
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members of tbe BaDdeliet Tuft" oD the northern Pajarito Pla· 
teau (FiBUre l) (H.,. IC Gi., thii issue]. Baud on thcte field 
rclati.oa•, the date~ ol the tu.ll'1 [/zen It IJI., 1980] ancl r..:mt 
dates on tbe c!on:lea [Hft.U.. 'l 'fl., this iuueJ the a1c of Cerro 
Toledo Rhyolile lp&ll 1.50 ± O.OS to 1.20 ± 0.03 Ma (Table 
1). 

Pctrographica.11y, .,., domn and tuffs are apbyJic to 
sparsely porphyritir: c::ootainins :small phenOCJ'YStl of q,uartz, 
5anidine. a.nd plagioc:lase, and sparse phenocrysts ()f biotite, 
homblendc, or pyroJtene iu a sJ•y. flow-banded JrOundnlass. 
A major exception is &he g.-oup of porphyritic: domes forminJ 
Turkey R.idp ud lnclian Point (Figure 3) whic:b contain 
abundant quaru, saniciiae, a'tlcl spanc biotite. Chemically, the 
domes 1111d tuffs are composed of hiJb·silica rhyolite having 
slightly more Si01 but slightly leu Fc~OJ" (total iron) and 
AJ10 3 than Bandelier Tuft (Table 3). 

V tU1•1 Rltyolir• , 
Tbe Valla Rhyolite [Griggs, 1964; &tiley fit Gl., 1969] COO• 

silts of domes, .ftows, and tulfs erupted inside Valle& caldera 
after caldera collapH. The formation includn la.vu cmp1a~:ed 
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north, ancl cast (Fisures 2 and 3). Pctrolosk atudin of &Jl. 
dridge [1979] inclicatc a potroacoesb ror cheso small .li.eldl 
unrelated to the 1emez, althoup Crowl•~ [1984] suaeetcc:l 
derivation of Cerros del Rio bualts rrom mantJe 5imilar, ia 
many tCSJ'C(lts, to tbe mantle CroJU which Grvd.,., (1985) in· 
ftrrcd derivation or most Keres Group malic rccQ. Bcca~~~e of 
their spatia) and temporal relations, however, tbciiC yoiU'IS 
basalt fields do bear implkations for tectoni( ~d magraatic 
evolution within the Jemez volcanic .fieJd (see discussions ot 
Gorrl"er a11d ~ff[198-4] ud Gdl'drwr [198S]). 

Cinc1er conet, maars. and 1\ows o! prcdomiDaatly basalt 
with subordinant andesiu comprise tbe three baaaltic:: fields 
[Smith •r Ill., 1970; Aubele, 1978]. Baldrfdgr [1979] rccolf!izAi 
both tholeiitic and alkaliae COitlpositi.o.na. ThC!SC lavu began 
to be erupted ac about 4.6 Ma, and thoup the younp.t date 
on these basalts is 1.!)6 ± 0-06 (Table 1). at lell$t one flow it 
intc:rbedded bc:tween the OtoWi and Tsbireae membeu ol the 
Bandelier Tuff [Sndrh er r:f., 1970). Thus the minimum span of 
time for this basaltic activity is 4.6 to 1.45 or 1.12 Ma_ 

ooutemporao.eously with ,growtb of the resuraeot dome as weU Molt exposed rocks of the Jem~ voiC&JUc field are frgh u moat rbyoliti!IS that postdate aDd surround the resursent and unaltered. However, because of the well-knoWll active hy- • dome [Siftith fJJUl IHUfey, 1961; Swrilh '' al., 1970J- Bailey el al. drothermal systems. t.he pre~C~~ce or VaJtea ca.ldcra, aad. some [1,69] di"Yided Cbc Valles Rhyolite into ~x members wbich are preliminary evidence of multiple hydrothennal evcnta nor disc:u.ssecl ill dcl&il here. Ase clctenninadona indicate lhc throughout the volcanic field'e history, a briot 4iSCILIIioa ot Val.lcs Rhyolite rauga from l.fJ4 to 0.13 Ma (Table 1) [Doell hydrorbennal alteratio.Q in tbe Jemez Mountains is appropri-,, dl., 1968; Mamra 11M Dabsora, 1979J, althouib detenni- · arc. More dtrtailed discussions of itutividual hydrothermal natio~ on the two oldest members we.-e not &uCCCMful be-- alteration even" in 'be Jemez Mountains may be rouod in the caU8C of Cltllnlllive hydrothennal alteration. We note, ailo. that work: by Charles er al [tllil iuueJ, Gol er aL [this iasue], four domes of the Valle Gredc Member ia the northern part HwJe71 t:~lld Niel1o11 (this issue], Uld Wro.w.wicz er 41. [1984). or Valles caldera have ages that ranse from 1.22 ± 0.1)4 to Hydroahermal alteration asscmblaaes, rqa.rdlest of ap, ar~ 1.50 ± 0.05 Ma which predate the ap of VaUea caldera IUid restricted to the Cochiti l'l\inin1 district, patti of the topothUI should be considered pan of tbc Cerro Toledo Rhyolite graphic riJU or vanea caldm,. and wirbiD Valle!l caldera [Goffet tJI., 1984; Heikft et IlL. tbia ialuc]. (Fi$ure 3). 
The vane. llhyolitc include. ahe produa. of &he younscat In the Cochiti millint district there a-ppe.ars to have bcc1l volcanic crupdoaa iD tbe Jemez Mountains. Althoup mosa two hydrothermal events. An older event lhat caused wideunits lie entirely within Valles caldera. the relatively )"OWll sprea" propyWti~ alteration of bypeb)'Ual rocla wbicb are Battleship Rock au.ft El Cajctc pumice, and Banco Bonito probably Keres Group rquivalenU occumcl q a fC$ult or obsidian have Bowed through a breach in the southwestern hydrothermal convection probably induced by Kerca Group caldera wall [S'Rirh •t IlL, 1970). TbUB these units loc.:ally (Paliaa Canyon Formation?) vo~ism. The youqcr by· overlie rocks subst&Ddally predatint formation or Valles cal- drothcrmal event in the: Cochiti minioa district I'Oftdatu dera. Bearhead Rhyolite: (7-6 Ma) aad caused locaiizod arsillic ~troJt&phkally, tbc Vallcs Rhyolite is a very hetero- alteration associated with quarb veins and &old and silver s=c:ou sroup .u ftOfed by BG~Iiey tr ctf. [1969). Uniu. vary mineralization (Wr011ki1wlcz tr lll., 1984). We speculate that from aphyric to coarsely p01:pbyritic, and the Redondo Creek: this arJi!liQ alteratio.a and woc:ialed mineralizacion wu a member is ebaracterizDd by tbe abseul:e ot quartz. Chemically, late-stage deuteri~ mnt from a pw.e of high-silica rhyolite there ate two typa:· a JUP-ailic:a rhyolite type consistins of "olcanism in Bearhead .Rhyobtc time. the early ))eft Caa}'DD. Redondo Creek. aAd Valle Orandc In parts of t.be tOf)Oilf&phic ri!ll of VaUa caldera tbett is membett aad a lowct-liJic& type eonmtina or the )'OUDFf propyllitic alteration or Keres and Polvadera lfOUp roc:k.s. Battlcsbip Rock, 1:1 C8.iete, &D.d Banco Bonito members (Table Near Lu Conchas (FiiUrc: 3), propyllitieally altered PaliZa 3). The Ja.nor type c:ontaiu lea SiO~ but more Fe2o,•, M&(>, Canyon basalt is overlain by unaltered upper Paliza Canyon CaO, TiO~, and P20s than tbc high-silica. rbyolitc type. A andesites. Xrntnedia.tely east of Lu Conc:hu. however, the rec:entl)' discovered, wmamed rhyolite penetrated by tbe VC·I propyllitic alteratio" affects 11pper Paliza Canyoll arulesites. core hole in lhc .soutbwestert~ znoa& zone or Vallet caldera a.nct in tbe .a.ortb-nortbwestern rim of Valles caldera the (Fipre 3) is also ol the lower-silica cllemic:al type (F. Go~opyllitic alteration atf'ects Tschicoma Formation rocks.. y.npublished d•ua. 1985) (see Goff er AI., thil issue]._'Ijpa tbe Hence thi$ propyllitic aJteratioa may hue occwred in IDOre sroup of JOUDsett unitJ or the Vallci Rbyofite an lie in the than one event. but the altered roc:ks ate confiDed to witbin a southwestern "'oat zone and ace chcmicaiJy distinct from rew hundred mqers of tho topoppbic rim of tba ealdera. If other units in the: rormation. these relatioJU can be interpreted as indicative of 1m indpicut 

& ALTO, SANTA ANA M~. AN.D Cu.Aos DEl. RIO 
9A.Ut. T Flm.Ds 

Tbe young basalt fields, Santa Ana Mesa. .El Alto. and 
Cerros del Rio, flank the Jr:rnez Mountains 011 the $0\Uh, 

rini CractW'f: hydrothermal conduit system, cbcD the alteration 
is pr.,_ Valles caJdera (1.12 Ma) and possibly pre-Toledo cal
dera (1.4S Ma) in as-. 

In re.can:h borehole VC·l ncar the aoutbwestenl part of 
Va.lles caldera there i$ significatu phyili~: a.UeratiOII of Palco-

• .I 
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zoic sedimentary rodt5 and mineralizadon im:luding molyb
denite, 5p.balcritc. p.lena, chalcopyrite, and pyrite [see Goff n 
at., this issue; Hulme cmtl Ni1lson, tbia issue]. Posccaldera vol
canic roc:b ill VC·l are unaltered, and current bottom hole 
temptratures are too low ror precipitation of the mineral as
semblage obierved [Hwl~~r arul Nit1srJn, this issue]. We sug
gesE, therefore, that the= hydrothermal alteration in VC-1 1& 
pre-Toledo caldera in age (1.45 Ma) and probably most close
ly related to the caldera topographic; ri.rn CnYironment, dis
cussed above. 

Within Valles caldeta lhcn: is extensive arsillic IO aavuced 
argillic alteration expoacd at the surface. The best examples of 
the intracaldt;ra alteration environment can be round around 
tbe aeti,e acid-sulfate sprinp at Sulphur Springs, west of the 
tesursent c:!ome of the caldera (Figure 3) [Charl•s er al., this 
issue]. Ahention or post-Valles caldera rod:s and old sili
ceous sinter deposits suggest that this poitcaldera hy
drothermal system 1\u boiled down to deeper level:s 10 rorm a 
vapor-rich cap (Go_q er tzl., 1985]. Hulen tand N~l.son [this 
issue] postulate tbat the active hydrothermal system beneat.b 
the resurgent 4omc of Valles ::.aldcra may have withdrawn to 
greater depth u one possibility to reconcile the positione or 
observed alterati.,n assemblaacs with current downhole tem· 
peraturcs. The present Valle$ caldera geothermal system c:on· 
tains at least three zones of hydrothermal upflow recoplzed 
rrom chcnnal gradient dau. [Swanbng, 1983]. Steam activity 
was feponcc1 iD 1882 (Sf.lllta Fe Daily New MexitflA, October 
IS, 1882) in areas that are currently iMcti'Ye. Th\1$ one should 
consider the active system to be dynamic u the iDtracalden 
rhyolitic activity, structural development, and hydrology have 
changed in the last 1.12 Ma.. 

We conclude, ba.sed on avOtilable data, that there are at least 
three distia.ct hydrothermal eveaus auociated with magmatic: 
events that have occurred in the voleamc field's history: (1) 
woc:ialed with Keres Croup (Palia Canyon Formation?) 
volcanism, C2) associated witt- late Br:arhcad Rhyolite vol· 
ca.nism, and {3~ •odated witb postcaldera residual beat from 
magma chambers parental to most of the Tewa Group. The 
hydrothermal activity rtotcd in tbe caldera toposraphic rim 
environment may TCJ)resent multiple events related to the late 
Bearhead event, Tschi~Coma volcanism, early Trwa Group vol
canism. and/or c:ombinatiou of all of these. 

CoNCLUSIONS 

1. Volcanic activity in the vicinity or the Jemez: Mountains 
has not been sueccs1ive basalt through rhyolite cycJCI and 
ptoba'b)y IA'U DC'Yer 6 ttuel)' bimodal b&s&lt·rh:yolite associ
ation, u has been iDCerml [e.g., CJrristiQruen and Lipmt'lN, 
1~72J rrom tho fotmal1tratigraphy ~&i/ry et at .. 1969: Smirh 
er ol., 1970]. Vol~ activity bs been eMentiaUy "'ntinuou• 
siJM:e at last 1) Ma. and the only strictly bimodal period of 
volcanism may have been at about 13 Ma; however, we sus
gest tha.t vole&ni•m at about 13 Ma was dominantly mafi.c. 
Although volcanism lesl tban 3 Ma could be con.stnled au 
bimodal, we belie\'e that the therrnaJ, tectonic, and magmatic 
events relatil.\8 to tbe Bandelier Tuft' maamatic: system and the 
younc, flanking basalt$ arc sufficiently distinct thai appli· 
cation Qf the term bim~ i$ mi$ludins. 

2. Vol<:anism in the vicinity of the Jemez Mountains bad 
beJP~n by 16.S Ma with alkali ba.salr:s. By l.l-14 Ma. episodic 
alkaline volca.nia:m was replaced oy more voluminous, rapid 
effusions Oi Olivine tbolciiEe and dilfi:Tentiates o£ olivine tho· 
leiite. By about 13 Ma Ihe rate ot accumulation of volcanic: 
rocks far exceeded the loaal rate of sedimentation of the Santa 
Fe Group. 

• 
!. 
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J. Based on field relatiou, petrograpb,., ICQCbmriltJy, and . 
K·Ar dates, stratisraphic distinctions am0111 Pa.l.iza C&nyoJrr···.;;;< 
basalt, basalt or Cbamisa Meq, anci Lobato Basalt are an. ·· 
tlcial CltCCPt ror grographlc t'Cl&50ns. All or rbcsc: basalt unita"'""{ 
are pa.n of a continuum of basaltic volcanitm from > 13 to 7 '·' 
Ma that was con~mporaneous with, but volwnetrically over
whelmed by, dominMtly andesitic activity. 

4. [nt.:rmediate composition volc:anism probably begaD by 
abo1,1t 12 Ma. but between leu than 10 to about 7 Ma gpper 
Paliu Canyon aoduite, derived ftom oliviru: tboleiite by dii· 
ferentiation, was erupted, eonstitutins Dearly balf of the 
volume or the entire vo.lc:aJ1ic field. 

5. Canovas Canyon and Bearhead rbyolitca form a ~:on· 
tinuum or hifh-silic::a rhyolite volcanism (rom > 13 to about 6 
Ma that was ~tially contemporaneoua 1rlth Paliza Canyon 
formation volcanism. 

6. The petrography and pometry of Coclliti Form.ation 
deposits suggest that ac:tiv~ Rio Cirandc rift faulting and rapid 
basin development accompBDied Keros Group volc:&Dism. Tbe 
petrography IUid pometry of tile Puye Forroation, on tbe 
other hand, suuest that Tscbicoma and some El 'Rccbueloa 
volcanism occurred in a periCJd of relative tceto:nU: iDacti~ty-

7. Bland group rocks of the Coc:bili mimns diatrlet prob
ably represent the exhumed interior oC a Kera Otoup vol
cano(s). 

8. Temporal overlaps betwee~t Kera Ot011p !ILIId Tscbi~ 
coma Formation vojc:anism 2I.D(!. between Tschic:Ollia Forma.
tion and Tewa O..o'llJ) volcanilm. may illdic=atc P.tic rd&· 
tions aJn<ID8 tbete units. Oeoc:bcmic:al data of Lot!,f/lel- [1984) 
and GGrdMr [1985] conirm pede rclatiou betwetm the 
Keres Group and Tschkoma Formatiou. 

9. Aa a stratigraphic: unit, C«to Rubio Quartz Latite i 
in811J11ffic:a.nt and should probably be coo.&idered a.s sl!npl> 
pan or the Tscbic:oma FormatioD. 

10. At least three disduc:t bydrothcnna.l alteralioo events 
can be tentatively related to ma.smatic evc.cts in the volcanic 
field's hiswry. 

11. ThrOUSh time. dominant litholopes in the volcanic 
field have becll (1) U-10 Ma, 11W1tle-d.erived olivine tholeiite, 
crust-derived hip·siliea rhyolite. and unknown volumee ot 
intermediate composition differe~~tiatet or t.bc basalt, (2) 10-7 
Ma, andesite derived Ctom olivine tholeiite by difl'enmr.iation. 
(3) 7-l Ma, dacite ,generated by hybridi:Wiod of mantle· 
derived and crust-derived melu, and (4) leu thQ 4-3 Ma. 
rhyolitic tufft. erupted from larp, zoaed maama cbambcn. 

A~lmowlnlsmellt$. This 'II'Ork wu auppoNCl by the U.S. DclJ!Ut· 
meat or Eaerty's Ol!icc or .8Qil; E~D Soienoe~ ad DivilioD or 
OeCith~:rmal ERCI'JY aDd the Uai'NI'IitJ of CaillonQa't lNilitlltll of 
~phytg aAd Pl~.De~aey Phy•iQ. Mucll of lbi1 p&per is from pan or 
the first llilthor'i Pb.J). dislel'CadOG Ol &he Univerdly or Ca.lifo"'il, 
Da't'ia. We •re Sl'lteful to all thOK who made 11\cir I,IDp~bliMtd diU 
available to 111; ia panic~, 1inl AJGrlcla, Roy llailey, Soatt 8111-
drid.&c. Dave Oct'hin, R. L. Smilh, .wt .Daw Vlllllmu da~CtYC thanks 
ill thl• rcsJ*'. Thankl alae go to Joe Hamllud tbe Ilea L&Dcl abCI. 
Cattle Ccmpany for allowill8 aa:e11 t.o tome critical IIJ'C.u. Barbara 
J:Wsn prepartd the !Dalli.I&Qtipt, A.nthoay oara. llelped wi1ll draftin&. 
and Dave MII.Dn prodllCecl suf)etb thiD aecti011a. FraQt; :Pcm, Jobft 
tuwle)-, Bob R.iec:ker. Kim M~ty, uc1 liD LauPJiD providod dill
cwliooa .and,lor eDCOurapmmt. Roy l&iJey, DcnnQ Niclaon, &DC! 
0.11.,.. V&D.im111 are &ra&Jull,. Kbowledpcl for fbeir thorough and 
ninu:laliDg reviews wbich have improved !he manu.tmpt. 
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