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' Ncogene Rhyolites of the Northern Jemez Voleunic Field, New Mexico g
Hiuen M. Lowmn 3y

Deparement uf Cooligty, Colorado Cullege, Colurddis Springs

Davidy I, VANIMAN AND W, Scorrr BaLbrIbGE

Eurth und Spaice Sctences Division, Loy Alimos National Laboratory, New Alesiey

MUHAMMED SHAFGULLANH
Deparimen) of Graselenees, Untversity of Arigont, P'uvsun

Vulennie cetiters previously mupped ax the 20 Mu 8 Rechuelos Rhyolite 1n the notthern Jeines
volcunie fleld, New Meudeo, Include three dstitict episudes of thyolitic voleanisin An early (7.3 Ma)
extrusive dome of Duwsbanded blutie thyalite and an lntermediate (A0 Mu) thyolite, posibly o vulemnie
neck, correvpond in uge Lo hyalites of the Reres Uroup in the southern Jemes valeanle feld. Thiee oihet
extrusive doties of aphiytie, putnizeas thyollte und vbsiding comprise o hnte volcanle eptsode, duted w
20 Mu. We retain the nume 121 Kechuelus Bhyolite only Tpr these bite centers, Anuihier veiier, furthet
norlh thun the others but previously mupped with ihe 51 Rechivelas Rliyolite, Is o dncite pumive g
whose e (8.2 Mu), peteagraphy, mujute und teucesslesnant chesiviry, wnd St iniiind eatio af) suggest it
should be invluded with tocks of the Fsehicuttin Furmation, NU und St isutopie tutive of {he Neoyene
ehiyolies of the nonhern Jemes voleunle fleld suygest that these thyolites were not produced by (vielinl
melthng ol elther upper or lower crust, Rather, they miy hive been penetuled frum u maniiesderived
e e, such as the tieurby Lobato Basalt, by fractione) crysiidhzution with concomitunt aasing
tutiun of unull amouits {< ) of Juwer coust, (e 18 Rechuelus in derised Tron u fower erustal ging
chintiber, iy seems likety, (hen it Is not reluted tu tie Hundelier mugita syelem, even thuugh it ls part ol s
suntinuum of thyoliie voleatism nghng from 36 Ma b F30.000 yeuts ugo that includes the Bundelier

utid precursir ehyolile units,

INTRODUCTION

Roeks of the Jetnes voleunle fleld In northeeentrnl New
Mexicu are subdivided into the Keres (> (0-6.5 Mu), Poley-
dern (74-2400 Mu), and Tews E< b M) groups {Batley of ul,
16U Smith o1 ul, 1970; Baltey and Smdth, 1978), fecent work
by Gurdner wond Cofl (19847 und Gurdner et al. {19807 Tndie
cules thut the Keres and Polvidern groups overlup signifis
cuntly Tte ugte and that both groups include rocks older thun 13
my. Studies by Kite of al, {19827] show thut the Polvadent und
Tewi groups ulso uveelnp i uge. Uneapected age relutions are
il being found In (he Semes volennie Bedd; henee continued
rudiometric dnting, flebld, nnd petrologie studies wee crucial for
U full understunding of ity evolutio,

The Polvadern Qroup includes the Lobuiu Dusall, the Ty
chicom Formation, and the Bl Rechuelos Rhyolile, ‘This
latker formmution, us origlnully delined tatley o0 al, 196%;
Smith et ul., 1970], was comprised of five diserele domes und
oie pumice cone or ring, wll toaited {n the noethern Jemes
volenie feld, north of e Yalles ealdern (Figures 1 und 20
One dume yleided 1 KeAr daie of 20 Mu [Daleymple ot ol
19677, which was generally considered us tie upproaiute aye
of this furtmntion,

This puper reports recent KoAt dates, wholedoek nuors
and true-clement wtudyses (neluding the rare enrth dements),
Pelrogenphic dutu (including micropeobe unulyses), snd Se it
NU lwntople rutios of these thyolitic domes, Our new KeAr
dutes cleurly distinguish theee eplandes of Neogene thyolitic

Cupyright 128K by the Amerian Ceophysivst Uniois,

Fapar qumber WI060.
LU 2778800711 T06USDS.AN)

volesnlain I the sorthern Jetes volennle Beld, ut 7.5, S8, und
240 M (Tuble 1 and Flgare 20 contirming e Inferenee of
Hatley ot al, TI909F Ut 1 two suulheenimonl duines were
older, bised o Uwele degree of denuduton s slierston, \We
fve informully named the 7.5 and 5K Ma chyolites the
onely® nind Mntermeciate ehyolites, reapectively, umd relnined
the mime 1) Rechuelos anly fut the 20 Ma gpiaode,

Maer oy

Wholestoek mujor-element coltspositivns (Table 2 wete she
wined on o Riguku sutomited 8 oy Quoreseence (XRE)
syasein axing nn endewindow shodiam lurget, operuting st 40
KV amd 50 mA. Sitmples fur XIRE were prepured us Nused dises
with 149 mixiure of powdered sumple W lithium (etrabotate
flan, Withotd sn added heavy element for sbyorbinee, Duln
were reduced uning it fundimentul paenmelees method {Crisy,
PONO; Vadenting, 198X, Detalls of run thnes s geeurney nre
piven by Hower [19R5] wnd Bower und Valentine [ 1986],

Wiholesruek triceselement compusitions were deternined by
nstrinentul nedtron netivetion stalysts (INAA) nid by
nstopessotiree NREL TG Uy Thy iy ©w Sey Ly Cey Sy B,
By, Yb amd Lu were determined by INAA. Rock powders
were Irendlluted Th plustle viks do e graphite thernm) cobutm
of the Los Alainos Mationad Luborstory's Ouepn West Reue
tor, with i neuteon s of 0 = 1002 pettronsens, An il
0y Jrendlintlon wis Jollowed by @ 20anin decny perlod und
then by guim ray speetroscapy for deteetion of the short.
fived fsotopes, The viade were then resferudinted for 96 w, ol
fowed by « Hdeday decuy pectod und then by counting ol the
Tongtived nuctides, The detuils of thls provedute, us well ws of
the it teduction, wre desertbed by Qurcia of al, [1982] and
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Fiw 1 Locatton imup showing Neogene thyolitie domes of the northern Jemer voleanie Neld (1his work), thyolitic

dumes aid gytochitie deposlis of sinsilng age (n the southern Jemer valeanic Neld, and PliosPleistovene rhyolitic uniis
tingily doimes and Hows) within \he Yilles calders |nlter Smid o by 12707 Gardner, Y9RS| Hethen el aly 19RD),

Minur pr al [1982], Rb, Sr, Dy MO, g 2t were determitied
by eotopesource XRE, ualng o Kevea system al the US,
Quologlent Burvey (UBOS) s Dettver, These atnlyses were
done on pressed powders, nnd Linln count of fluoressed N
ruyn were mude using botls YUCd and 2 Am sourees for euch
nample,

TP he MYHEACEY ptlon Were mensured Using o Fhenlium seiple
Huiment mode of Jonlzutlon, on o Gnch, 60" saector, Nieriype

masn apectrometer, nhvo nl the USGS In Denver, "Si/**
values were nurmalized for *S¢/*"Sr w 01194 1o correct |
the dilferentinl eMetency of iontzation for the various xotop
and the systeny was stundurdired using a vulue of 0,70801 |
the Eimer sind Amend Siandurd 5rCO,, IFrom numerous re
Heute analyses mude on the sutme maan spectrameler, the ar
fviiend preciston ut the 95%% confidence level is estimated
better thin +0.00008 (C, 13, Hedge, personnl communicatic
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Hitl PO L At Nroat st BEVGLTIS U L ot ns Jimey .
TABLE L Ages of Neogene Rhyolues, Norhern Jemee Voleanie Field
Radiogenie Al Peteent Alnwnphetiw
K Anlyses 0 el g *UAY
Luvibing
Indivnduad Hidividun! Idividual Ape,
Sumple Luhtude Longtude "ol Mean  Anulyses Mean ANnIyaes Mean my. < In
120, fehbpur: M SOFN J00 2508w AL N AL 1178 100 (] 0 n R
Bl Rechuehn AR 1088 (YA
Rhyohite AT [REL )
(AN (YA
(RRU o0
1180, feldwn MOLUTN U6 2RAVW 1 MG [WLL) 182 5.1 din 4K MO =0,
plus s AN (1Y) 2.0
fntenimedinte Rhsoliee eV (1) 419
1 YR IR 49
151 417
152 IR
1L, Dilite; M XIUN O N 2NTW DyIN [T W wyt hy.> (B! DA+ 00N
Euely Rhyolhe TR} LR bl b
[XAR Wiy [N
[N
hRRY
HYIN
FIE 2, bioie Mo SN U0 DLAS W A\ 6848 AN fuQ LI LY S =028
Taehicoma putiive IR 540 Nlb
rig 0,477 Md KO
%)) KA

bunding, This rhyolite has abundunt phenoceysts of plapos
cluse and biotite, oy well us microphenoerysts of plagiochine,
The plagioclase phenocrysis are upy 1o $ mm long, commanly
whit dnner 2opes Usieved” by gluss melusuns and with nms
free of such clusions, These phenoerysts are normally coned
from Ay, W Ange gy Plagioclase microphenocrysts range
from Ang, 1o Ang,. Groundmiss plagiociase iy Ang.to Anyy,
with up 1o 099 BaQ. The phenocryst sims contiin the same
amount of burium, whereas e pheroeryst cores, usy well oy
the microphenocrysts, hive B contems below microprobe de-
teetion limis (U.25% BaO). Groundmass sapidine (Or, 1 cone
tfn 18- 20" BaQ,

Biutite phepocrysts have MgaMg + ot FFe) tdensied by
Mitd of G.55-0.00, ASE af D3048, TIO, of 4.2 4 wi v,
aid HeO ol 0.3-1.2 wi tu, Microphenerysts of endenitte am-
phibole huve M of 0.03-0,08, AL'STof U18-0.20, VALY AL~
50 umd TGy of 1.2-17 wi vw Quardz s absent, and 2ircon is
1 CONMMON neeessory phiise.

Although this center s thyolitie in composition, the phenos
crant minerdugy o (vpienl of diueitie taeks of the Taehieoma
Formution (Palviiders Group), The vompasitions and fabis
of plagiochine, blotiie, aid amphibole in the ently (7.8 Muy
rhyolise and o the Tsebicons doeites are very simalat | Loess
e, 198 Vet aand Babdeidye, 19KS 4,

ttermedtaty Rhyotie (8.8 M)

Thee suuthernmont thvolite dattie, expoaed elong Catoneity
Seeo, is pirtially covered by Hadelter Ty (Fote 20 Thiy
thyalite is ahso stronply Now banded amd contiins whundang
microphenoctysty of suphdine (Orey b obigocluseanorthe
aclune (Anyy o ) i guinrtz, Wiotjie mosparsely distabired o
4 meraphenoeryst hut is conimon i the groumdiniss,

Unlgue 1o this dome ix the oecirience o anorthoclase
sumidinesguart merophenocryst intergrowths with w my e
Kitde teature Y7igure 8 Fhese inteniinw s cotiasn Bomope.
neous sanidise wmd wnorthoclose, unlibe the stbongly soned
feldmpars cecorded by Loggren and Goodey {1977 tor et

growths formed under extrusive coohing condions. Hibhar,
F199] sugpested that such myrmekitie intergrowthn fors
abter o volatile Nud phiase has been removed. Thus the my
MChIIC INLES R AWTIS vy represent i ivpabivssal environmen
mowhieh the mpma was partielty degissed while cooling
Plagiochione n the myrmehitic mtergrawths s more sods
(AN s ol than the plagioctuse microphenocrysts AN, 2,

Sl groundmass feldspars consist of samdine iind anol
thacleae sumilar e composition 1o the myrmehitic ntes
growths, Like the 78 M rhyolite and in contrast to the ©
Rechuelos Rhvobte (Fipure 3 the satadines continh mgmhi
citl amounts of bariem 1R 230 BaO) Wiotites of th &
Ma rhyohite also contan significant amounts of barum (0.5
L0 By and e otherwise simidur 1o the tiatites of the 7,
ey, ol thyaolite (Mp* = 0,82 000 A N1 e (4Y 048, THO, »
INOLE W v This rhwolie was vittophyrie, but the gliuss o
entenmvely denitntied. by addinon, the toek s very haed an
deine and contmns sihica munerals deposited within vups, Th
stieitiention, together with the myemehtic festures indiestin
W hypaby sl envionment, saggests that this center may hoy
been o soleanie nech

E Revtselon Rhvolie 120 My

The tirew late Bl Rechuetos Rhyohite domes wineh oeey
Song Pobuaders Creeh tFigure 21 comist of aphytie, p
mvieeois thyolte with obssdinn, Creatals Jarger than SO um i
tire il of these domes, bl microphenoeryats up to 2 m
ostee veenr m Howebanded portions of the lurger domt
These mictophenoctysis conpst of suntdine (O, .. ) ol
clise ARy, b and quartz; botie vecurs only as small ory
tals i few mcrameters i size (Mp' = 083080, AL'S) = 0.8
Y, TIO, = 253K wita), The groundmiss contams b
anorthocinse, und santdine. The groundmass ghine contal
pervasive but ot elay alterntien wlong perhe fraciures,
well as stellate devinficanon conters composed of leldsp
aned aliew manerals The abundupee of burium in feldspars w1




TABLE 2 Major- 3nd Trace-Flement Analyses of Nevgene Rby olits of the Korthern Jamzz Velanic Fidd

El Rechueles Rhyoliie (20 Ma)

Nonthern Beathead Easly (7.5 M) Intcrmediate (5.8 Ma)
Tschivoma Pumice Ring Rhyolite Rhyolize Rhsolice South Deme Central Dune North Doms
Rhyodacite {62 Ma)
Average ER 12 ER 13 JGBO49* ERS7 P8 Py ER6S PI3B Pw ER26 ER2-2 P19 P ERXY P2 ER+1B ERS2 P23

SiO, 65 00 975 7107 616 7333 7368 7363 7513 TI16  i562 37§ 1357 iSG¢ ISSE T37T 1556 7332 418 7588 T
rio, 043 026 026 o1t 0% 025 625 an 023 o012 003 008 Gl6 00S 008 022 o 00§ 017 &
ALO, 1358 1559 1517 1n 13 1391 1418 1261 1308 1382 1237 1256 123 1243 1145 1250 1227 1239 1281 =z
Fe,0,' 302 232 1.60 068 160 179 16D 095 076 Q&S Q6% s 06§ 073 0.5 a5 a6t 0:s8 ass =
MO 006 a06 06 ou7 a06 00T Q07 007 Q67 007 a06 an6 Q06 Q06 466 QoS 00s 006 ao6 =
MO 118 077 07z 6o 031 0o 031 ao7 00s 00S 003 ges 107 oW 00§ GO% Q10 Qe 006 >
Ca0 276 162 283 030 133 1% 122 032 022 0135 048 €37 038 049 L 037 053 L 0.1 o
N1.O 351 368 371 392 252 398 411 22 213 3 390 361 3% 382 374 393 360 373 36% z
K,O 360 327 kpu i} 361 389 33§ 35S 341 332 313 170 183 376 371 373 182 188 371 N [~
PO, 013 ano oo2 oas 000 005 006 001 Go:r Qoi aon 00 GO3 001 0w 0uo aoo o a0t g
Lot 123 1.48 139 037 (1%X3 25 37 Q19 n7 320 1st 317 17 303 3 207 =
Total ®Y 99 5S 9272 9581 9303 99.1€ 9959  SS3T 1SS ¥iS1 996 10003 9998 9TT1 10003  I0ST Y36l 9a3%  10G1% <
RS §1 26 S8 15¢ 77 96 138 i35 139 136 147 =
Cs 20 18 k3 L9 30 36 53 2 £
u 336 [i'}] 112 292 21 30 50 L) e
Th nt 21 120 10t i1s 16.7 . 201 181 S
Nt 18 3 5 20 32 » k7 W 37 9 =
Ta x5 10 33 33 19 - 62 §3 =
St 203 397 393 (34 383 37 <£ <§ <$ <5 <$ z
Sa 1039 1360 125G S0 1230 §20 0 35 7 23 Y} =
Zs 136 i 109 127 51 63 55 57 58 b 57 =
1uf 3 39 32 52 3z 31 37 31 *
Sc 66 295 31 339 32 270 31 251 -
La a1 283 301 29 it 196 172 hih g
Ce 73 o] L >4 S8 16 39 21 11 &
Sm 21 33 §2 17 36 36 2t

fu 091 050 051 102 G3§ 02s Q17 c2o

Dy 33 23 so 33 ss 3s 36 e

Yb 18 15 36 3o 30 21 26 26

Lu 026 037 .36 030 025 032 036

Average Tschicoma rhyodacic { Lol 1983] gpiven for comperison. Fe, 0,7 is tonal Feas Fe 0, LO! sloss on ipution
st for IGE0S9 are rom Gordrer er L [1956)

1914




LAKEELEN B AL NFOGENE RIVOLITES OF Y NORTHIRN JEME2,

HLy

TABLE N WholeoRoek S arid MiE Isotupie Datn Jor Neogene Rhyolites, Nowthern Jemer Vaoleanie

I Revhoelon
RKhyolte (2.0 Muj

Tachivomn  Ently (1.8 Ma)  Internedinte (58 Mo
Pumice Ring thyolite Rhyyuine Sowth Centinl
MR 12 NI A I*H0 ER d PR M)

Welpght pereens HIO, 0978 7.0 10,14 RN "N
Apey iy, ) 14 CX | 0 a0
81y pymy w1 24 AGY 4.8 40
Ith, pmn do 11 4.2 JdA 1w
"I(L/"m' (UK (18K 0070 99,0 K73
(**H1/°51) ieun, usuy 00837 00819 OIONK 00814
T T T (L0804 708 0.703)) 0I6M? G050
X Pn 4N Jod
Nu. ppm bl 1 (R
(1OIN/ 4 ON ) 8 DAIAAY BAIDA
£Nd¥ X -2

MR/ 2N x (pn D 81),
HDeieemingd vn leldaing swopani,

fCubeuluted andtg e Iollowing equution: (*'S12050), s 1USEA81,,,, = UROAUSHI with 4 e 1

PR LR TR
EMensured, Unesiectad ot upe,

CUning curenbduy buth enrth (PSNU//SONG) w 0512010,

Bletlie In Below eledron microprobe deteciion fimits 10,284
!lllOl.

Nurthernt Pumiee Ring

Phis puntive ting, wisteh i lowted 0 ki sarth of Polvie
dera Peak (igure 2), contalm phenocrysts of voned and uns
roned  plaglociose, rounded and embuyed quartz, botlte
(MY’ = U.58-0.0d, T1O) w dibedd 0%, HRO w 0.3-0.8%), und
hortblende (MY = 0,06-0,07, Al/SEw 020-0.09, TIO, =
17%) by soanadeds of mierolltes nmd gl Unzoned plaglociia
phenoerysts are Angyt other phenocrysts are norimally 20ned
from Angy 10 Ange ‘The high elelum content of the plagins
cluse cores Indeates disequilibrium and may have resulted
from wsalmilingion, mugmn niaing, oF nonequilibeivm fre
tonud erysintlizntion, o nny cane, this phenvcryst assemblige
In shnilar 1o that of the Techleomn daciten {Logller, 1984
Vanttnan amd Buldrtdye, 1988),

Maloie ARD THACI ELUMINT COMIOSITONY

Among the northern Jemez rhyolltes, substantial diferences
v muojurs und trueeselement composftfons correlnte with age
(Tuble 2 For exumple, ¥eO, Na,O, Sty Bu, Zr, and the light
rare euarlly elements (LRERS) decreuse with decrensng npe,
wherens K,O, Ry, Cw, U, Ty Nb, and 'V increase with des
crenslng nge. I nddilon, o pegalive 120 wnomaly bBevomes
grenter with decreasing ape (17igure 5), Fractionntion modeling
uslvg obiserved phenocryst phaves shows 1hat ibe three thyo.
e episodes are not related ta cach other by shnple erysin)
fructionition, Together with pelrogruphic diflerences, these res
suits indicnie thit ench phuse of nctivity (1.4, S8, and 2.0 Ma)
wits iy independent magnatic evenl,

The aystemntle difterences from the early 1o the £l Res
chuelos rhyolitex nre consintent with o grenter degree of frues
tionation, probubly of pliglociase, sanidine, blotite, nnd ace
cemory zircun, of successlvely younger rhyalites from more
mafle muginds The fact that the degree of fractionntion eorre.
nten with thine may be entirely fortultous or imay refect some
provess dasocluled with the development of o major siicle
mngmu syeten, Unill intermediste recks are {dentifted that wre

possibly cogenetle with the thyolites, detailed frnctionntion
modeling remains hypotheticad,

SK ARD N [sotuiie Ration

‘The Inlind "*Si/**Sr for wll thyolites from the northern
Jemer range from 070513 10 0,720500 (Flgure 6, Table M), The
thitind **Se/*0Se of all of the northern Jemes rhyolites nie
lower than thyolites of the Keres Group (*'Sr/*S) w
0.70701 ~0, 70858 [ Loefler, 19847) although only 1wo mensures
ments eaist for the Keres Group rhyolltes, nnd thus thelr pos
sible range i unknown, The thyolites from the narthern Jemer
overlap with the known range of *7Si/**Sr values of the Keres
und Tachicomn Qroup undesites and dugiies (*"SH*St w
0.70484-0,7080 3 only one B Rechuelos simple (ERM3) iy
higher but the combined - eerors in Rb, Sr, and age deters
minations for this sample could permiy n caleuluted initisl
NSRS beluw 0,70800,

TONY/ONG rutios were determined for the early und El
Rechuelos rhyolites (Tuble 3) Both are slightly enriched veli
five  to bulk  earth,  with  ny,  defited @
m.“‘“Nd!‘“Nd’mbn'“Nd/‘“Nd)nmulllv" |]l thll| fo
= 3.0 ahd = 1.2, reapectively,

DIsCURMION

Potrogenesis

B is mot presently possible 1o conmsuel o detailed mnjors
ad treeselement petrogenctic model for these rhyolites, for
three reasons, 1)) No cogenetic imermediate rocks, which
would constrain the evolunon of the rhyolites, are known,
Netrby docites of the Tachicomu Formumion hive nges be
tween 6.0 and 3.0 Ma [Olsen et al,, 1987 and thus may have
furmed concurrently with the intermediate rhyolite but nol
with the early and ) Rechuelos rhyoliies, Ducites of the
reglon ure very complex, and more uge, chemical, and miners
alogie dute wre needed before possible relniions to the rhyoe
Hiew can be temted. Moreover, the common occursence of mafic
cloty within the ducliex suggesis that a basaltic component
wis cHtica! 10 the evolution of most If nat all of the silicc
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Iy, 4. Banidine microphenoeryst from the 8.4 Ma rthyolite whth o inesgruined (hiver) and conrse-grained (outer) myrmes
kitle rim ol sknidine siorthociusequattz intergrowth,

mugmas b this reglon, aind we therefore concentrste iy thix
prper o tents of bumilie prrentupe, (2) We do not know the
full range of chembend snd Ivotopie comporitions of the neurby
Lotto und 28 Al bosalte Legs, Smith ot ahy 19704 10 which
the enely and £l Rechuelon rhyolites, respectively, ure prob.

1 1 T 1 1

i somssmeme (1L RECHULLLOU NHYOLITE (2.0 M) j

2 so e (NTEAMEDIAYE NHYOLITH (.0 Mn)
s ALY RHYOLITE (7.0 Ms)

2 a xzxanl

SAMFLE f CHONGFITES

H ] |

77 Om Ty Dy Yb Lv
S F & Chondeitesnortmnlized REE probies fon the thiee spodes
ul Neogene thyolitie volcanisiy, The puliies iste dushed beiween lu
uitd Dy Lo ahow 1he peobuble conligutation of the My anomnlies (Od
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tuken oty Hanson {1980)1 b, 0331 Ce, GRNE Sin, UK By, OO0,
Dy, 03280015 0.2001 aisd L, Q.03 ppm,

ably related, (1) For the istermedinte rhyolite there are no
closely amsochnted busabiie rocks to which the rhyolite migin
e reluted, Nevertheless, the chemieal and isotopie dnin allow
UK 1o plice constrdnis on the origin of the rhyolites, We exs
More wevernl possibilitiens below,
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Sinle silfete mugnu? The diffecent Nd isotopie rallos of
the eurly (cyy = = 20) and 1 Rechuelos rhyolites foy, = = 1.2)
rule out thelr reludionship to euch other by uny simple, sngle.
stuge mode) of fractional erystabllzation comblined with tyshinie
Intion of upper crust I i tong-lived tugimn chinnber, s we
propuosed previously { Logffler et ul., 1985,

Cruvtal anatexis? The low *'Se/**Sr {<0.70814) of (he
northern Jemes ehyolltes rules oul thelr orfgin by direct wnae
tesds of the upper crust, Neurly il Precumbrinn geanitle (aid
thus presunuibly upper crustul) rocks of New Mesleo have
erse grenter than Q.73 [Perrp ot al, 1987) Digeet nie
(exls of uny eeust, lower ar upper, can ulso be ruled oul vy (e
busis of the zy, vatues of these Neogene rhyolites, which are
ek higher thin values meusured for the Proterozcic erust of
iy reglon (=11 1o =15 [Delavlu, 19814 Nelson and Des
Paolo, Y9885 Perep et al, 198770

Assimitutionifractionsd erystallization of busalt? “he St and
N Isalopie ratlos nre computible with generatlon of the rhyo.
Ies from u muntle-derlved mugmu, such ay the Lobuto Busalt,
by fractionul erystullization in combingtion with asshmilition
of crust. We therelore mudeled the otaple duta fur the rhyo
lites uslag the usstmbntlonsfractionn) ceystsillafion (AFC)
madel of DebPaols [1981M), We used the Lohmo Husalt
iSrw 1150 ppam, “Se/*"Sr w 070430, Nd = 45 ppm,
PONUG/MING w U,512608, kg s +0.6 (B, M. Loefler und K,
Futu, unpublished dutu, [987) us the parentod magma for these
madels, since i1y o mujor brasaltic umit tint was erupted close
fn proximity und fn age (14-7.6 Mu (Gardner of al, (9867) (0
the ehyolites, The youny (upprodmutely 3 Mu) EL Alle Basaht
would represunt i hetter chalee for the purent of the 31 Re.
chuelos Rhyolite, but the Nod concenteation of this yuht has
nat been meusured. We note, however, that the Initil
"18r/*"Sr und gy for mi least ane B Alto simple (0,704 und
0.2 [DePaslo and Wasserhurg, 19763) ure very shnilar tu the
Lobato.

1towus impossible (0 obtiln satisfuctory results with AFC
madelng by wssimblution of uny reusonuble upper crustul
compositions, even for the relutively rudiogenie Bl Reehuelos
Rhyoflte, [n comtrust, ussinsilation of fower crustud compo
situns guve goud resully, For exatnple, the vurly thyollie can
e modeled Trom the Labuto Busalt by assoming ussinsintion
af lower crust with the composition *'$e/""Sr w 1,7087,
PUNU/NY w 05EIBOT (e, = —18), 350 ppm St and SO
ppm Nd. The model requires u eatlo of the asshidiation rute to
fructionation rute (r) of U.45 und u ritiu of semuining to Initis)
melt (1 values of 029, This model results I wssimitatlon of
S04 lower crust relutive to the muss of the purentul magmn
(using the wsslsflntion equution of Farmer and Dot
(198311 The wodel ulvo requlres ¢ bulk Dy, w 4.2, which Iy
reusonable, shee phigloctise 1s an observid phienocryst phinxe
und slnee the Ky, for Se becomes grenter as the melt becomes
more feiste [Bosnhorst, 1980). “The model also requlres o
Dy = Ly which Is rensanuble for felsic melts, expecinlly siy
ehteon s un vbseeved phenoeryst,

Similurly, the B Rechuelos Rlivolite cun be produced with
an rovilue of G088 for ussienilution of lower crust with the
composition  *1Se/"Se @ 07060, PN/ IND - 0.8 1EDY
{tng sa = 15), 380 ppm Sr, wnd 40 ppm Nd. o this ense 1he
percentuge of lower crust assimblated relative to the il
valtie of parental mugma s Jess thiun 2%. A Dy, w 0 Iy e
uired to bring the St concentrution down, This value is kigh
it not unrensonnble {Hormhorst, 19807, The required Dy s 2
is ulvo reasonable, sinve i highestlien thyolites the LIELy

ity becore compatible Iy some of the abundant sinersls
CMfathood and Htldrech, (9830 Also, sisatl] quaniitles of ullsnie
or imottizite muy have been feactionnted, which wobid reduce
N LM lter and Atitdefehbdn, 9833, withough neither plise has
yet been abiserved (n thin sertion,

From the results of this AFC modeltng, we conclude thil
derivation of these rhiyoliten by Traetionation from brsabily
puretts shallur (o the Lobuto Basalt, comuminnied by simull
uthatitiis of lower crust, Is kely, The shimplest Interpretition of
these results, and the one thut we presently fuvor, is tha! these
rhywilies were fruetionuted In fowerserusind mugimn chrmbers,
This tnlereed denth contrasts with current Snterpretstions re.
garding e shullow depth of the Hundelier system (4-7 km
[Smith, 197991 A problen with the model of a lowerseriusind
otiginn chamber miy be the difcolty of geting higheviscosity
ehyolitle mugmus (0 the sueface from the lower crost. Vi
coulties of H,Cemtturnted rliyolitic magmas uay possibly by
ay daw s 100 1 g the lower crust, bu) will incrense rigidly (o
grawter than 10 1 sx waler s Jost nnd pressure decrensey
during awcent [ Fisher and Schntineke, 1984 Kushiro, 19507,

Altertutively, the Lubumto Busalt we used as o parentul coms
pustlion mny not luve been o realinie cholee, Possibly the
busubis for Intermediule compusitions) it were purentad (o
these rhyatites were (hemselves contmmimited by lower crus
und swere then fructionsted in shallow (upper crastal) magma
chambers without further contumination, To evaluale his
second hypothesty will require sddiionn! isotople dati on the
sasachited Lobuto und BY Al bisalts und on possible intet.
mediate compositlons, However, we constder this hypothesis
few Hlkely becuune (1) 4t Is more comples und (2) 1t reguires
upper crustal fruetlongtion without significant assimilution,

Relurtonship 1o the Mjocene Keres Geentp:
Nomenclature

The eurly (7.5 Mud and tutermedinte (5.8 Mu) rhyolites bve
tiges similur tu the highefllen Cunovas Cunyon wind Benthend
thyolites ol the Keres Group (12.4-0.2 Ma [Gurdner ¢ al.,
19867), Furthermore, these cemers He on u NNE trend with
the Cunvvis Cumyon und Beurhemd Rhyolite centers (Figure
Dy which were themselves partly controlled by NNE trending
funilts [Guarditer, 19887, 1t Is therefore plausthle that the enrly
nind Intermedinte ehyolties muy be petrogenetically refated (o
thyolites of the Keres Croup i the southern Jemez voleanle
fietd, us suppested by Gardner of al, {19867, The early thyalite
b fower in willen (73% versus 76%) lower in Rb (77 ppm
versus 139185 ppm), higher o Se (253 ppin versus $6-60
ot and Is in other respects different from the Keres Croup
rhyolites [Gurdner of al, 19803, These dilerences might b
siceounted for by elther contunination of the carly rhyolite
with, or less complete fructlonstion feam, a more mnlle
figmi.

The imtermedinte thyollie Is very similar In compasition to
Ure Reres Qroup ehyolites (eompure R 08 with JOBOWY [y
Table 21 The Sr satople cotpusitions of these two thyolites
are dilfesent (Flgare a), bat distinetions based on unly two
et poltis are necessarily Hidted. More dita are needed on
e composttlom) mnd isptople runges of Keres Croup rhyos
Tie compositions before (e enrly and Intermedinte rhyulites
ey he correlated with or distinguished from them with cers
ety Thus unid) the rhvalites of the Keres Cleoup are belter
churneterized, we prefer 1o distingelsh the Neogene rhyoliies
in the noethern Jumes from the Keres Croup rhyotiies by the
[nformad terte early™ wnd “intermedinte thyalites.
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Fig 7. Timing of Miocene and Pelsiocene thyolitle voleunism of
the Jemes voluanie feld, Solid irinngles indlente KoAr dnies and show
uge control for ench unit, Dt polints ure genernlized where severn!
dntes vecur within short Hme inlervily, For the Cerps Toledo Rhyos
litg, thres nge determinations slightly exceed the accepted upe of 148
Mu fur the Juwer Bundeller Tl Yet from sinnlgraphie relations of
pyroclustic unlte and thelr inferred corvelnttons W domes, ult unity of
the Cerro Toledo ure amumed to hinve been erupled between the
lowyr aind upper Bandelier Tulls [Heiken ¢t ul, 1980), Duty are from
Guardiwr e uli {1980, Self ¢ al, [19K0), Hetken ot al. [1986], und this
iva}.JUnper ol en presBundelier ignimbrited I from Smith
) 9|9 L}

Returtonship to Pliocene and Quaiernary Rhyolites

Rhyolitie lnvas, including the enlderaforming lower ind
upper Wandeller rhyollte wiity, were erupied e domes and ux
taplien from 3.6 Mu 1o nbout 130,000 yenrs ago (Flgure 7)
[Gardner et al,y 19R6; Self vt aly 19805 Hothen o1 al, 1986, The
nonsencluture of these virlous Pllocene and Quaternary rhyols
ftie unfis reflects differencen I nge and loention, but should
ot obsere the fuet thit all wre reluted 1o the development of
o single magmu system, Chemlenl ditferences amany these
thyolites reflect the processes by which sich i system evolves,

A detalled compurlson of the Bl Rechuelos Rhyolie 1o n)) of
the ether Pllocene and Quaternary rhyolites Is beyond the
scopst of thiv paper, A lntge mimount of compositionn! dati on
these units Is presenied by Gardner o1 ul, [1986], Self et al,
[1986], nud Hetken o1 al, {1986, Hasically, all of the Pllocene
und Quuternnry rhyolites, with the possible exception of the
111 Rechuelos Rhyolite, are probably relnted to the Bundelier
systent, The dissribution and mujor-elament componitions of
the “presHundelier lpnimbrites” [Self 1 al, 1980), which runge
from 3.6 10 about 1§ Mo [Gurdner o1 aly 1980], suggest that
they may represent lenkn from o proto-Bandelier muymn
chamber or from magma chambers that hter conleseed and
evolved Into the Bandeller magma body [Self ¢t al., 1986),
Similarly, the Corrn Toledo Rhyolite 10l iind domes, which
were erupted between the lower and upper Bandelier Tufl

A RN R [N R NPT TR TR TN o ’

.

[Hethen et uly 1986), were also probably an intermediaic stage
Deiween the two mnjor eruptions from the Bandelier magma
chimber, The Valles Rhyolite, which consista of dotnss, flows,
o tulls, wok erupled inkide Villes caldern nfier caldera col.
lapse und thus represents lute, generally quicsoent eruptive
products derived from the Bundelier ntagma chumber,

The fiet that the 12l Rechuelos Rhyolite closely predates (by
0.6 muy, Fipure 7) the Cerro Toledo Rhyolite and wis erupled
fess thun 8 km away mipght sugpest that both units were
derived from o single mugmu chamber, Compositionn! data
ure not definitive regurding the possible relationship of the E
Rechuelon 10 the Cerro Toledo Rhyolite, Althougly nimilar in
thelr ajorsclement compositions, these two rhyoliie units ure
substantiully dilferent in their 1rnceselement compasitions,
Specitienlly, the £l Rechuelos Rhyolite hus lower incompals
iblesclemsent contents (i w 1722 ppm, Yh = 2,126 ppm,
Riy w 135-147 ppm, Zr = 50-38 ppm) than the Cerro Toledo
Rhyollte (Lo w 31=50 ppm, Yi w 4,279 ppm, Rb = 120-220
prm, 2r w 90-180 ppm [Hetken ot al, 1986)), These differs
ehves ure compitible with either (1) derivation of the two
rhyollles from epurate chambers or () derivition from a
single magma chumber in which differentintion, crustal inters
nctions, and the concentration of incompatible elements ine
crease with time,

No Sr or Nd isotople daty ure avatluble for the Cerro
Toledo Rhyollte with which 1o evaluate this second possis
bility, However, the lower limit of initinl **St/**Sr for the
Bandelier Tol) (*'St/*Sr), 2 0,70588; 1, M, LoeMer and K.
Futi, munuscript in preparation, 1987} is slightly higher than
the Bl Rechuelos ((**Sr/**Sr), » 0.70517-0,70566; Table 3),
Thix ditference is smull enough thut the Bandelier Tuff (and
presumibly ulso the Cerro Toledo Rhyolite) could be derived
from the same monn chamber from which the Bl Rechuelos
Rhyolite was derived,

Nevertheless, we prefer the first ulternative, i, that the El
Rechuelos wa derived from n separate chamber, beenuse the
Nd isotopie data indieate that the El Rechuelos Rhyolite was
formed in the lower crust, whereas the Cerro ‘Toledo Rhyolile
i related to the Bundelier chamber, which formed In the upper
crust [Smith, 1979; Hetken ¢1 al., 1986], Additiona! chemicul
ind otople duta are required for the Cerro Toledo Rhyollte
und for the Dandelier Tull before the possible relutionship of
the Il Rechuelos 1o other Neopene rhyolitic units can be
better construined,

SUMMARY

In summary, the three episodes of Neogene rhyolitic volr
cunisny in the northern Jemez voleanic field (the early, inters
medinte, and EF Rechuelos rhyolites) represent three separate
mugima bitehes, The early (7.5 Mat) and 12} Rechuelos rhyolites
{und, by unnlopgy, the intermediate (S8 Mp) rhyolite) were
probably derived from a basalt (such us the Lobato) by frac-
tHonatlon with concomitant assimilation of lower crust, Thus
moxt Hkely, the El Rechuelos wak erupted (rom n separate
mugma chumber derived from the fower crust ind was not an
enrly product of the Bandeler mugma chamber, even though
ft wos erupted soon before the Bandelier und during the pro
longed activity of Bundelier-precursor rhyolites (pre»Bandelier
fnimbrites [Self vt al,, 1986]),

The 7.5-2.0 Mu age spun of these rhyolites indicates that
rhyolltic voleanism oceurred throughout a Jong part of the
hisory of the Jemez voleande field north of the Valles and
Toledo enlderns, and not Just closely preceding the Bundeller
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eruptiony, This work sontinues the procesy, begun by Qurdner
b ul, [L9RGY, Sel et al, CHY46), und Helken @ al. [1YR0), of
clurifying the strutigraphie relations of Hihelogie unity In the
Jemes voleunie feld.
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