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Strat.igraphic and (Cdonic ~\'i.)lution of the northern Espanola basin, 

Rio Grande rift, New MeKico 

---------~------------~----... ..._.___,_. ________________ __ 
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ABSTilACT 

)10~" 1\-Ar radiolllt'tric date~ f. om MioceM 
volomK rocks in IM nor1hem I::.Spaiioia basin 
and northea.'lt""' Jemez ~ountains of north
rt>ntnll New Muico Mlp r<>nstnain IM lat~ 
T t"rtiar~ depositional and te< tonic hislol) of 
1M aru. Stratigraphic n'latioRShips and radi 
ome1rk lll:CS from lava ftow~ and dikMi sho"' 
that the ~anta F~ Grot~p, which is th<• domi
nant fiu ol die Rio Grande rift in lh~ E.~ 
basin, OOfiSisU ol two Mloc:ene alluvial fliNI 
sepantt-d stralignphially by eolian deposib. 
TM older(> 12.4 Ma) f1111, the Owna-rJ JUto 
Mrmoo of tM Tesuque !'ormation, was lk-
rivocl mainl) from tM north and northeast: it 
consiru of volcanidastic: silly sandstO<W and 
1f2Yel. The younger(< 12 Ma) fan.IM Outm
ila rounation. was buill to the southwC51 and 
ront-1i11~ rock material from th~ San~:re d<' 
Crislo Mountains and from nortMm New 
Mnic-? in gravel duuuld'i cut bno tlllndstone. 
These fans o~~rlap in 1M study ana and in

terfln(.!et with the 14 Ma to 12 Ma nortlwast
transported f'Oiian deposits of tM Ojo CaJ. 
imte Sandslone Membe-r of the Tesuque 
For'lru!ltion. 

Betwe-en about IS Ma and 14 Ma, during 
deposition of tM TesuqiK' Fomuui<m, Jemrz 
wolcanism bc-J:an with eruption or Lobato Ba
salt in an acta that is now th., northern J.-mu 
Moun ~ns. Basaltic vCJicanilol n bc-cllmt' widt
spread only during a brief pt'rio<l ca. I 0 Ma. 
when nows spread out~ much or die 
lllldy areu. 'fbJs episode of b.saltic vok-anlsm 
largely shut otT ca. 9 Ma. approsimatt'ly 
ronal with a rt'gional dock wise rotation of 
the extem~on direction. This 5llggest.~ a causal 
COCinection be-tween the ta:tonic .. ctivity and 
basaltic volaanism. Minor Lobato volcanism 
mntinuc-d until ca. 7 Ma. 

S1nti ~-aphic evidenc:r suggnts that IM 
IInam that f~ Santa Oara C.:&nyon, the 
brgnt ~151-rrmding drainage in 1~ north
east Jrnwz Mountains, has~~~ located neru-

ib pres<.'Rt position ,.;, ..... at ka.~ mKidk M io· 
crM time. TM channd has meandrrecl and 
sl!ifted latr~y. rtSUiting in markedly CiflH· 
mt Slnlli,-appaic sections on ritMr , ... n ,Jf th., 
ouayon in 11-w vicinit~· ·>f th<- wntrm IKound
ary < Pajarito I fault ot dw f.'P3r\ola basUt. 

Two IJUiior nonh-trendir ~ raulb lth<- Guajt 
Mountain and C.aftado del Amagry) hnr sig· 
nir~eanlly ~r strikr-slip romponmts than 
dip-slip compont:nb. The largt horil ontal 
compooent of displacemast on thest- fa1dUi is 
probably rt'latecl to rounrrrclockwiw mla· 

tioa of tiM inln··rift blocks. Appro1inmt• slip 
rates for tM faults. calrulatt-d using a radio
rnnrio~Dy dated basalt dlh and da<ilt tom... 
an virtually identiall. yielding a slip n t~ of 
0.1 mmtyr diJC'in!llht' pas1 5 m.y. 

INTROnl't"liO'\ 

Th( Roo Gnn<k nfl (IHiP Ia•. • SOrJ.km Inn~. 
nnnb-n<>rthcasl -uendtng mtraconllll('nta nft 
that extrnds from <~nlral Col.uado to norrhcrn 

Meuco (fa& II. It con:asu ol a ~~~~ of ~ht· 
11epping ha.\lm tbar hq;an devdopan~ 10 the 
Ohgo•:enc ~ broac. shallo"' dt•pr<',.\Jom 
(Chapm and ~-ll!et. 19i5; Mankv. 1'17'1). bt· 
gmmng ca 9 Ma IChapin and Sea~(t. 197). 
B&ldndfc an.j other.. 19t:O.ljolnmbck an<l nth· 
c~ 1981, Seager and ot.~C''i. !984). they werr 

m<dtlied '""' d"'1! has1ru "'.th bt~b-angk faulu 
The Es,,.oola basrn. loat.cd Ul the nortb-~.rntral 
nft. CJttench under the Jemo v~llcamc pile and 1!. 

separated from the S.tn L; 1is basin by a ~mem 
b.gh that extends north Neil from th<' Pu.:um 
Ran{!r 10 tilt viCintlv ~~ i.a Madrra tC .. rdtll. 
1971<; Manley. 19791 At at ~ Ma. the fault\ or. 
the western marg.o. 11<.1"' r.xposcd 111 lhe !i<>Uih· 
em Jema Mouotams. beumc onactr"<" (uard. 
ncr. 1'185}; by ca ~ Ml. the &(1•V( fault bound· 
&I)' stepped ca.~tward .11 the Pa.t•nto fsuh. 
Muehlbtrger 11979) ~lll;got<:d that tilt- hhx·k 
bordered b• tilt Emt->ud<• ( a<..-.omm•Jdatmn r.one 
between th•· F.spailola and S.tn Lu•., ba.\tn~i. l'a· 
Janto. TtJrra:;-C'JLflnnc.tJ. an.1 Pcc.,.·P•.:um 

fault' (h~ 11 ha' rutdted cuunt,·rd•ll.:b••~: tt 

~ulung m c.: • .umpr~1<m at lh(' ac:utt' t:ornr~ 

&,o;t.d on fidJ r.-adcncr an th( nortlltrr• 1-.-.pan 
nb na.srn ~and rc:g'l(mal trc.lom, c,ms•rieranon •. 
AI..Jn.:b (19!16) has conduded that rnUIIJ<•n .,f 
thLI tF-~paflolt) blod bq•n ca ~ Ma 

nlc Jei'!Kt Moun 12m' ~rr a latr Ten Br\ 

Quaoernar} vukcan•c lidd rhat straddi~ llw 
we~tem marl!'" of the north-antral nfl ~;Thr. 
oldr• vulca.nra. arr io~ru~red w<th o;cd<mi:nt:. 
m the Albuquerq~ and l~pao(Jia basr~. which 
border tiK Jema f1eld on lt.r wuth, ea.'ll.,"'lnd 
nonhcasl (fig. 1). Vol<:anic at:lavity wa.1 tholl,bt 
10 ha"C Slllned durilll! lh<' r.arly l.uc MiO<Xnt; ca. 
10 Ma (compare wttb Bailey and Smith, l'n!l 1; 

how~ver, Gardner and Gnff ( 19R4) showed that 
volcamsm bcpn Allea,ta.~ early a.• 13 1\.ta. Nr·w 
(.; -Ar dates for vokamc flo"~ and dikr.s ·~ ,.,< 
ndUht·a.,tt•rn Jt'me1 ~t,,unt .• ·•n~ and no! hr-rn 
bpailnla ha."n lh~ 21 help 111 datr the st:alljl· 
raphy of tht hpallola hasi!l. move bac~ the 
•mtaaiJI•o of Lobato ba.'llllttc volr.ant•m m the 
Jrmcz M••untallll. and have ''"pnrtant ht•toncal 
1mphcattc>OS. 

In rh~ pap<"r. we pre;ent modllicauons to the 
strattp;rapb} of th<' older Jema volcaniC\ and 
the mam sedii'!KIItal')' umt to tilt Espanola t>asio, 
thr Sant.a h- (irCIUfl Addnoonally. we drscus.< 
afl1plo<.:-~llt~ns ,,f nu• data for late Tertia~ Ou.t· 
tr rna I)' tectum. m m th<' nonh..rntral R1o 
(,ranc.lr nit and lor th( drarna11c s~tc"' c I the 
oorthr.as!Nn Jcmcr Mountam~. 

STRATIGRAPHY 

Tbr wcll~lJX~al strau~raphy of the thick. 
o;o:J•mrnlJiry f1ll m the nonhem f..spailolu ba.sin 
ha.' boen studied b~. many worke~ indudtna 
Snuth I 193111. Galusha and Illicit (1971). Man
lev (1974, 1976&. 197f>b, 1976c, 1979r. M~y 
(f~ft~l. f:.k~ and Other.< (191\4). and (aV8Z78 

ll'~R'i'r [)ethier and Manley 119851 publrsbcd a 
gc.>lu~•c map uf th( Chili quadrangle west of 
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l I'OlLTIO'>i 01 E.~PANOI.J. BASIN, Nf\li MF-XICO 

1;--tgUft 1. Loc:aliora map ol1he J~z MoWJU!ins antl Espailob ba.'>lin o~ ,,. Rio Gnnd<' rift. 
t~"T~~gVIar area nortln•est of u;pail<>h. outfined b) bl,.,vy liru:, ddin<'ata. I.)Olrioft ol F'"P" 2. 
lied>IJ'IP north-nortbeasl ol lAM Ab~rnos delin.,.,I·OS localioft of Jolgun !>. 

E.kPL,,NATIOH 

r::-::1 
L.:..:::..J 

Mio.-10~ Sed!""".,.,.....,.. of lftldto ..,,. c.-- b~osons 

loli$11lalppjaft 10 Mfly -·· 
Sctdlment.,., rociUI,In-.- vol•:anie -~· 

D 
Precambrion-

E.<paftola that gives ddailcd description.< of the 
nuvial sandsiOoc, sili.Stoo!:, aod 0~ 
that comprise the: SaniJI Fe Group ~:n the oortb· 
eas1 flank of the Jemez Moun1ains. 

SlrltiJlaphic relations (Fig. 3) in the nonhero 
Espailola ba,,in art oompliOittd by the nm•l&ri•y 
« rod< t)'llCI throughout the S1111a f'c Group, by 
utctlSive faulting. and by pervasi-e cover of 
p«iimall gravel and colluvium. Sedimentary 
I'OCb ia this area arc mainly arkOISO; sandstooa 
iocl~ ia tbc Tesuque and Clwoita FOI'IDl
lions of the: Mioc:c:uc: Sa.uta Fe Gwup, and !be 
YOk:anid.astic Puye Formation. In tbe Cfttral 
p~n of the Chili quadrulgJc,t..~ eolian 
sandstone of tbe Ojo Caliente member (Tesuque 
Formalioa) 5cplltalt:S tbt fluvial roc:b of tbe 
Chama-Ei RilO sandslo<K (Tcsuqax Format:on) 
and Cbanlita Formation. In an:as nortb aad 
QSt, bowevcr, c.banDcb of fluvial sand and peb
ble gravel a.rc: intcrbcddcd wilh the Ojo C&li
cate. Thiele ~ of sedimentary roda in the 
southwestcm pan of the lllldy area (f'tg. 2) may 
represent facies of the Ojo Calientc and Cllama
El Ri10 members, or possibly thc: Ch&mila 
F~ lithologies .:aanot be correlated wi1b 
coafidcoa: 10 a.ny of these UDits. Basalt !lows 
aad dikes dated ciwi•:~g this study provide tan· 
poraJ coauol and valuable straligrapbic markers 
in Ibis ~tQ of com.plcx, faulted SlrafiBrapby 
(Table 1). 

The Tesuque Formatiorl is tbc principal fill of 
tbe northern EspaAoJa basin and coosists of 

"'8 W I I i 

Hlgn..._t .. n dum.,...,, on-~~~......., •l<le 

Chama-El Rru- and O,o C~~te s.-=Nonc 
membcn. defuacd by Galusha and Blick (1971 ) 
a.nd n'KJdif)tllj by Manley ( 1979). '"'- units 
ba w: not been oorTdatcd prcoscl~ 10 •nembcrs 
of tht T csuque Formauon described in !he 
soutllca.'llcm Espai\ob basin by Galusha and 
Blidt (1971) and mapped 1-y CaV&ZD (1989). 
In tbe southwestern pan of •lit 5tudy area (Fia. 
2), west ollhc Pajariao fault. :he Tesuque For· 
mation (lllldivided) coasisu mainly of silt-rich 
fluvial ~ pebbly cbaDnel gravel. and 
beds of colial! sands!oae. Ia Sanra Oara Co
yon, pwnioeous lahars and thin beds of basaltic 
gravel a.rc: inu:rlayercd in the: Tcsuqax Forma· 
lion, partirutarly near basalt Rows, indicating 
local volcanic lK'urt:Cii IQ the west Pak«urmn 
ID<2SilJ'CIJleDU from five pebbly sandstones sug
JCS', bowc:vcr, tbal most of the T csuque Forma
tion in the Clara Peak/Santa Clana Cuyoouea 
Wll5 dcposilcd in IIOOth-llawiltg cba.nods (0. P. 
Dedlier, UllpWJ. dala). c~ eolian 
sandstooe ia tbe upper Arroyo de Ia Plaza J..arp 
was transported by winds blowq &om tbc 
soathwest (Dethier and Manley, 1985). Beds of 
eolian AOdstooe JocaDy compoK SO" of the 
T csuquc f011111lioo in this area.. but the uni
form, lhid scctioas of sandstone thai typify the 
Ojo Calielltc cJsc,o. ben (for uamplc:, May, 
1980; Ded1ic:r and Manley, 198 ~i) are not pres
ent. Auvial sandstones, pebbly sandsiO!JCS. and 
thin lacustrine siltstoocs arc similnr to lr.Ciions of 
tbe Chama-FJ ~ ilO described in tbe Vallecitos 

qWidnul!llc ( ll.:lhM:r and M..mn. l9li") &cause · · 
tM Charna·· FJ Rnn and OJ•> c::.li~n:( >Bncls\ont 
memben. ar~ o•.>l clearly dL<tifiBuuhahlt west of · 
tbe PajarilO f.1ult, we bne mltppcd them 115 . 
Tesuque fOf'IIUIIIOO (nnd•VJdcd) in that arQ. ! 

The Cham ... El Rill> sand.<;~CJne member or tilt' 
1 .zuq~K Formution 111115 deposilr.d on the diSII~ •: 
margin of SOIM-builduac alluvial {&115 (Del:hier 
and Martir, 19:)4; Ek.u and otbe.'l. 1984) and os • 
primarily an r.rkosit sandstone tblt coauaalllo 
cb.a.nnels and siii'IW; of volcanic gravel MOll of 
the Cbama-El Rito consists of m~.N~ive to·-· 
pla.nar, aoss-haldcd. arko..c silty S.l:-:dsuxae. 
E•tensive than beds of red clay and calcareous 
and chc:n-nch beds oomamiJll! abuadana S~em 
CllSIS SUSIICSI that some of tht dcposii:S on the 
wcslml margin of tbe map arra formed in • 
playa-lakt ea.,ronmmL Pebbly \'OicaniC saod· 
stooc ol the: <:ham&- r:J Rito aa:umulalcd in 
channels mainly trending to tlar south, but pa
leocurrent d1m:tioos \'&i)' widely, particularly in 
the WCSIC'Ill map area and in tbc tiorthm~ Chili 
quadutllle (Dethicr and Martin, 19'84). The 
twc or lbc Cbama-El Rito is not cxJKMd ill our 
study area but is IJIOUibtlO be to 18 m. y. old 
DQt' Abiquiu (Eiw and otl:cn. 1984; May, 
J91!4).lntetbeddcd eoliau and nuvial sal'ldstonel. 
:luggesl tlult lhe upper 20 M 40 m ol tbe 
Chama-El R.ilO rcprc&a~ts a ll'llllual cb&Dge to 
more arid condilioos that favored dcpot<itioa of 
the eolian •:>,o Ca1icn~ sa.nd!.10nc. Where the 
Ojo Caliente as thin. !hoe upper Cham.t. El Rito 
and the lower Cbamita Formation are difl"'cuh 
10 distioauisb because their !OUI'Ce areas and dep
mitional environments were similar (DetiW-.t 
and Manle)', 1985 ). 

The Ojo ('.alieutc sandoooe is ID eolia.n uoit 
exposed primarily nort11 of !be Embudo fault 
r.oae; the 11.ndstoae readies "' lbidcness of
than 210 m in !be aor1bem part of tbe fldd area 
(Kelley, t97tl; May, 1980; Dr.tbier and Manley. 
1985). Sar.dstonc in tile llllit is arkosic and 
w.:akly 1.:1 StrOIIIIY ecmented by Ca~. Tbc 
01o Calimtc sandslonc i.otofmaen with both 
tht: Cbama--El Rito saod11onc and the overlyiq 
Olamila Formation. In the IIOI1bem put of the 
Chili qUidiiJIIIe aad in tbc adjacent Mcdulales 
quadnloale 10 the aonh, beds or fluvial Sllld
fitl.llle and pebble pavel arc llOIIIIllOII in the eo
liM dcpca115, StJIFIIiul tbal dcpositi011 00 tbc 
C'Jama-I:IIUto flo CXllltiaucd dllrini COIIIII'UC· 

lion of !be Ojo Calieatc dune field. Auvial beds 
in tbe upper Ojo CalieGtc may alao be related 10 
thr ClwtJila fan, but aeitber pebble lithololiel 
nor palcncuneut diRaiom are ddinilive. We: 
have lbar. mapped thidc ~e~:non. of eoliaa sud
SlO!Ie ia lbe aorthweslml &paftola basin as Ojo 
Caliente, but eolian seaions Is tbaD - 2S m 
thldt co11ld ha -e aa:umulatcd synchronously 
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f1cure 3. Upper Tn11ary stratigraphk ...-. 
don of IIIUdy -. showing ... of ..... 
Aces _. reladclashlps or AraticnPhlc ua1ts 
lrt also llf\'eiL 

with !be Cb&ma-FJ Ri10, Ojo Calieule. or 
Chamila. 

The Chamita Formation is exposed east and 
south of lilt principal Chama-El Rito crops out 
in an area defined by the Embudo and Pajarito 
fault ZDneL p~ dtreaions (Dechier and 
Mu.ley, 1985) lll88e5l ~t lhc axes of !be 
Olamita deposiQonal buill lay to !be south and 
wat of iiS presenl OUICI'Op area. Paleollow direc· 
tioas are sliprly 111011! warerty than !bose ollhe 
Cbama..-EI Rilo, and lbe l"'vel fr.aion inc:ludes 
IS much IS I ln. dut5 from e&S!Uiy 5aosre dr 
Cristo sounzs, wbicb are not represented io !be 
Chama-El Rito. ArkOIIic sandstones, siiiSiones, 
and devilrified tcpbra io bod! units cannoc be 
C'.IISily distiJiauisbed. The Chamita Formation 
and Cltama-EI Rico sand5cone may iotcrfmger 
ill !be area west of the Pajari10 fault (Fie, 2). 
~ aortll of die Embudo fault WDe are 
lea tbaa 40 m thick and are capped by 1().m.y .• 
old Lobato baalt !lows. Soolb of die Embudo 
fault - aDd east o( the PajariiO fault, !be 
Clwnita Fonnatioll is more than 210 m Ibid: 
and is overlain IIDClOIIfc.rmaby bY !be Puye 
Formation. Ia !be vicinity of' Anoyo del Gau
cbo, about 130 m of Chamita Formarioa is ex· 
posed beoo=alb a bualt 8ow claled at 9.6 Ma 
(fab(c 2). and 70 m of Olamita rocks crop OUI 
belwceo tte flow and 1.11 aqul1t unconfOI'Oiity 
beneath !be Puye FOI'Dlltioo. Paleomapecic 
data indiaue dill lbe "IP of the Cbamita is 
about <4.5 rn.y, io its type IRa SOtiiC 10 Juo east 
of the east ed,e of lbc area shown in Fig!JR 2 
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(McFadden. 19n). 1be Cba.mita bas 001 bcell 
mapped south of dJis area cxocp: at individual 
fossil quarric:a (Galusha aDd Blick. 1971). 

The Plioocoe Puye Formatioo (Smith, 1938; 

Grigs. 1964) forms •larae (> 180 kJDl) alluvial 
far. composed of IS km 3 of volcanidutic male
rial derived from Tsc:bio:lma lava domes io lbe 
Jemez Mountains (Turbeville, 1986). It is a 

~ 



n .. .-roosin• lhc Pa_,ariiO \ .:tly own·..$ lbe T sclu-
dell"' . ·ions of lbe 1 abo\.,.". . ·1.5 m.y. old 

t 
~; IHcikeo and Otbcrs, 
180). 

I 

RADIOMETRIC ( 
( 
I 

•Yen 1wp are&5 10 lbe t 
maim abiley and otb-
an:&, il is p8J'\ic:ularly 

tb waD ol Santa Clan. 
arilo lault. The forma-
'OQUDIIOUA JCqiiCIICC of 
llic.k.. tbiliS a.ad mlerfia-
roup (undivided) to dac i' 
<eaioaa, sandslone beds ( 

.JII arc: more prevaleot: 

I 
vbere Lobato Basalt is 
he UJapel' third of lbe 
anyon. Md coa,lomer-
·~with !he basal 
lbaiO Basalt flow. ;cpa-
1 Banddier Tuff by • 
0.4 ll!l.y. old (I' able I. I 

'1 

mmo:lialely above lhc l 
n to determine tbt time 

( ~canrsm; tht basal How 
'Cd 10 obtain a reliablt 
cHow is about 14 m.y. : 
1). "flv:. basal flow is , 
xo(" o older tball 

1 
.w,,,, .. ' is very thidt 
is &tout 10.4 m.y. old 

!hal tbc:se middle M~ 
not be Lobato Basalt ! 

lemcz MOUPtaios a bas- ; 
lu allaJii basalts. whicll f 

I 
: Santa Fe Group, ~~~ 

I .y. (GardDC:l' &Dd Golf. 
:ondudecl that these al-
ld 10 !he Paliza Canyon 
wtlidl are cbemically. 
euoJosically similar 10 
IDer and others. 1986 ~ 
86. p. 1765). however. 
cbemical data are con-
)[ boch lfOIIP5 (thai is, 
~t &eqiiCIICC) from 

m:a. 
2. sites 6 and 13) of !be 

froiD Santa Clara On-
are part of !he l..obaiO 
IO'MI faU near the 1o--

EVOU.ITlON OF E.'iPANolA 8A.<;JN, NEW MEXICO 1701 I, 

silica ponioo of a &lOOP of other J<:mC1. rocla on 
a plol of 101111 alk.alies IICIIIIS SiO 1 (Fis. 4) and 
straddle tilt boulldary of !he alkaliDC aod subal • 
ka)iot field!. Becauselbeie !lowsa.n: chenucallv 
similar 10 the Lobato lbsalt and form !he be.!c o{ 
a OOUbJIIIOU5 leCtioa ol buall lk.ws, of wbu:b 
lll(l5l is llllqlleStiooaby Lobato. we coocluck 
thai l!ley sboold be illdudecl wilb lbe Lobalo. 
Thc'rtfore. Lobato volcanism bqan ca. 15 M.1 
duriag lhr middle Mioceat'. 

New powsium-&IJOII dales from basalt flows 
and dika (Table I) provide lou! age control for 
tbe Tesuque Formation (undivided), provide an 
upper limil for lbe ac:c o{ !be Ojo CalicDtc iD the 
oorthWCSICI'II El;pailola basin. and OOI!Slrain !he 
age of lbe CODtaCl ben. 'tell the Clwnita Forma· 
tioo and dac Ojo Cal~:nlc sandstone. The new 
dates do 11(>1 .:losely limit the a,e of the: Cbama
El RiiO. burn is older than a dike daacd at 10.6 
Ma (sitr 121 and p.'Obably older than the 
Cbamita/0,0 Caliente CODiaa that is dated ca. 
12.4 Ma (Table 1). Th: Ojo Calientc: saodstooe 
oc:ar sites 10 aod II (fig. 2) is older than ca. 12 
Ma, provicbag a local minimum age for the 
Cbama-fJ Rico. Thin basalt Hows that are iater· 
layered •ida lbe Tesuque Formatioo dcmoo
strate that initial Lobl10 volcanism occurred as 
T esuqur aDII\'ial faos were actively buildi111 K 
1bt south w.1 west ca. 14 Ma. lltcausc: thr 
T~ue F,-:mation 1n Santa Clara Canyon 
oontau" b.ll.b Huvial and eolian b<lds. 14 Ma 
m.a y also r••" 1de an estimate lor Ill<! mu.imum 

o TEWAGROUP 

age ot the Ojo Caliente ~ndstonc. Lobato Oows 
localtd 20 10 SO m above the Chamita/Ojo 
Cahenae rontaa are dated at 12.4. 11.9. aod 
·-I 0 Ma (Table I); dikes that cut rht O;o 
C.a(;cot.c givt dates of 10.7, 10.7, and IOJ Ma. 
fbe dateS indicate that the uncoofonnity that 
locally CUIS the Ojo Calien!l is older than 12.4 
Ma and that anitial deposition o{ lbe Cllamata 
Format•oo occurred 110111rwhat bmo.ecn thar 
time: and about I 0 Ma. The basal Chamita had 
previously beco lhougbr 10 be youager than 10 
Ma (Delhin and Manley, 1985). 

The oorthcrn E.spallola basaD lay at lbe distal 
margins ol two alluvial ran complexes durina 
middle MIOCC!It trmc. Eolian deposits and basalt 
flows interlayend with the alluvial deposits orig
inared sou!hwc:s~ of the area. Our mappi111 and 
age determanations of basalt Hows sugest that. 
by about I 2 Ma. tbt Chami,. formation was 
buildins to the southwest and ovcrlapped !he 
Chama-El Rito lao near R10 del Oso. Botb si
licic aod hasaltk volcanism wa> underway in the 
northern Jemez Mountains. but Dows readied 
only !he western partofthe'maparea. Byca.IO 
Ma, bowe"Cf. basalt from CC~~tm SIICb as Cerro 
Roman and Clan Peak CFi&. 2) Howed taSI ill 
arroyos 10 lbe Yicillity ol Cbilt. Fan deposition 
probably continued north of the Ernbudo fault 
zooc: a her I 0 Ma, but Cbam1ta ro...lcs are 001 
prc:semod. Eas& of Chili, Cbamita <lqloSits Wet't 

mapped bv May (1980) north o{ the Embudo 
zone. bur their are is oor known. Southcul of 
lhc Embudo fault zont. de)Xl!>lt:on of rhe Cluam· 
ita formauon oonunued until afkr 5 Ma near 
Cbamata (Manley. 1979) and ~xally until Puye 
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deposillon bt!gan ca. 4.0 M• (Waresback, 
1986). At other localioes, Manley ( 1~79) dcm· 
oustrllted that lbe Cbam•ta Formatioo was tilled · ·~ 
!!CDtly and eroded befo~T Puye fans encroached 
on lbe area. 

Several lines of evidcoct indicate tha, a • · 
drainqe cbaonel bas ex~cd m tbt am1 of Santa 
Clara Canyon, west of the PaJaniO fault. •mot at • ·' 
lea.~t !he middle Mi<nnc. Stratigraph1•; sec-;ions 
011 the DOttb and lOUth walls of Santa Clara 
Canyon are drlsbcally difrcrenL Tilt l,>blato Ba· 
salt occurs as a thad (>2QO.m) section of flows 
(ranging in age from about 15M. althe base to 
about 10 Ma at the top) interlayem! with tbt 
Tesuque Formation (undivided) 011 thr. north 
wall of Suta Clam Canyon. Basal! Dows arc 
completely absent on the ~uth wall 600 m to 
the !lOUth where- the Tschi;:oma Formallon di
R:CIIy overlies the Tc:suque Formauoo (undi
vadcd). Biotite in the basal T scbicoma Row on 
tbt soutb wall bas a K·AI age of 3.98 :t 0.18 
Ma. The Lobato Basalt aod Tesuque Formalioa 
(undivided) terminate abruptly apimllbe TIChi
coma Formatioo on tbe west aad !he Puye 
Fonnatioo 011 !he eut 011 the north wall of the 
canyon (Fie. 2). The conlaCIS do aot appear 10 
be faults and therefOK appan:otly reflect an ear· 
licr wall of !he canyon. 

Stratigraphic relauon~htpc~ an the vic1nitv or 
Santa Clara Canyon can be ea."l~ explamed b~ 
lateral migrauon of the paiUK:hannel. This low· 
gradaent channel apparently ~ in the ap-

I J 

70 80 

figure 4. local alblles YenM15 !i!Oz for volcanic I'O<'b or !he Jm~a Mountains (from.Cardllft' IUid others, 1986. fl&. 4). Solid triangles 1ft 
Lobato Basall data ln. Ibis paper. 
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lant pa w:l beds &ad is \ Embudo lault ZODC in the nortbc:m EspaOO!a 5 Ma wbeo the mllll-rift blocks bepD ro&alilla the averqc vertical dasplaorme01 ra~ /1.5 m. y. 
oy IS five basalt OoWL basio may have beea pmiominanlly dip wp COUI!IUdoclcwise about \lei"IJal axes (M uebl- sinoe the fault formed. Tbu u ronsislet11 with the ~ \bc upduoWD Cbamita l from bcfon: ca. 12.4 Ma 1o ca. 10.0 M4. IJid berger, 1979; Brown and Golombek, 198S, 40-m 101a1 vertical displacement (during S m.y.)· ; 
W m lhic:k.. AI its type 

l 
predmniiWidy Slrill.e slip sinc:t lbat time. U the 1986). Assuming !bat the displaoemcot on !he calculalCd from lbc suuaural data. If movement ', .J 

scribed by Galusha IUid Embudo and Pajanlo rautu an: kinematically lault is youDICf dian s Ma.. the fault bas bad aD on the fault bqpD U. the early Plioocne, as tbc . ' 
ICt1ll Espdola basin. !he linked, IS Aldridl ( 1986) suggCSied,then signifi· averqc ra~ of IIIO"Vemeot of 0.1 mm/yr sinoe evidcooe S1J11CS1S aad as l'tlQUir1'.d by ll~e infcmd \ ·, 
ISO m aDd iDcludcs only ! cant strike-slip displacanenu oo the Embudo early Plioa:ue timr (Golombek, 1983). kiocmatic bislory of !he nfl. thm the r&te of slip j j 
19'79) lllributed thae I prtlhably did 001 begin before ca. S Ma, OJOSist. G"* Mou.naain F8111L This fault is pan ol averqed ror !be past S m.y. is 0.1 mm/yr, the ,

1 . 
bsidcDCe or !be Vclank \. ent v~th the obscrvauons of Manley ( 1979) and the Pajarilo fault woe (Fi&. 5). II is CSSCDtiaDy same as !be slip raiC on the Ll Cailada del Ama- I. 
It JODC. Sll"lldW"Il dala I Golombek aod odlcrs (1983). The north- vertical aod down-lo-lhe-wcst, and it offsels ~rtfault. 
·.oM akmg Anoyo de Ia I striking. oblique-slip [auhs that parallel the Rio Guajc <:Uyon in a fi&hl-laleral -. wm.s L 
r, tllw oblique left slip Clwna oould also -:ontn"bute 10 the p!"C$1:Dt dis- and others ( 1988) reponed 370 01 of horizontal DISCUSSION AND <~ONCLUSIONS 
d tbc zoae inlo late Mi- "i tribuUOII ot the Chami1a Fonualion. ollscl on the faulL The strean1 in Glllje Caayoa 
~ Utltil ca. s Ma wbat I V c:nu that served as sources fot llows ot Lo- CUIS lhfOU8b a massive dome oi"Tscbiooma da· Our mapping and new radiomctnc dates 
ghtalip (Aldrich, 1986). ' bato Basalt occur tbrougbout the northeastern cite by ruaking two riJbt-~ bends aJona the demonstrate !bat (I) the Chama-El Rito and 
1QUI 160 m of Clwnita 

I 
Jcmc:z Mountains and northwestern E.spaOOb faul~ The Puye: Formation CMF: >ps the DOl'lhem Ojo Caliente Members of the Tesuque Forma-

.ck Mesa. DOrth ol tilt basia.. In the study -. the \"elliS an: panicu- side or !be dome, direc:tly on line with that pan lion iolel'fingcr aod are older dian about 12.4 
(Cl5liaa a dilferCIII depo- larly prewlcnt along the aonheasH.reodq of the c:aoyoa WCSI of lbc fauiL 8eca~Me the Puye: Ma in the northern EspaAola basin: ( 2) the basal 
: 1rincmaric:s in the CIISI· Jemez lineament which co>nsiSIS of 1 fraaun: Foi'IDittiOn is a weakly cemented sedimcatary Cbamica Formation is locally as old as I 2. 4 Ma; 

zone WCSI ot the Pajarito fault and the Embudo unit and the Tschicoma Formation a hard da- and (3) volcanic detritus from the Jemez Moun· 
gest tha.t motion on the fault zone to thc east (Aldrich, 1986). cite, k,Jpcally tilt! stream would be expec:ted 10 tains did 1101 contribute s1gnifanlly 1o the ex-. 

mainlllin its straight-line c:ourst tJuoucb 111e posed Miocene fill in the northern Eapaiola l Fault S&p R.tes Puye: rather than deviate sharply 1o cut through basin. '~bear observations c:ollecti'ldy sugea 

I 
the dacite. tbat durina 111061 ot Mioome time. the deposi. >N lA Cailada del Amap-e FaulL The rates of flow foliatiom of the T sdlicoma dacite at Ibis tioltal uis of the bllsin lay wesc or the Pajarilo 

fault slip in the northwestern Espaftola ~in location ~ ratty vertical and are oricaled fault IIIII that relie( in the northern Jelllel 
bave been delmnincd at two locations. In the subparallel 1o the fault. Allboup strucl11ral rou- MI)UJJIIills waa rdalivdy low. lntcrmiualt Oow =f 

} aorthwCSI c:orner ot the study area, a basalt dike lion of the Bow foliatioo near the fault uodoubt· in pvd channels or alluvial rans transported 
dated a: about I 0.6 Ma is offset - S20 m fi&bt edly cootn"buud 1o lbcir present orieruation, we mixed arkosic aad ~nic detritus wesc and ... 
latesaDy alof18 the La Caftada del Am~gte fault infer dial the llow folia•ion also rdlccis ~ southwat toward the northern Jeme2. Moun-.. 

TUFF . I (Fig. 2) which juxtapcllt$ Chama-EI Rilo ment of the dacilic mqma up along the fault lains aad alternated with periods or eolian inftux 

I 
apinst Ojo Caliente. Thcr-. is compelling evi· The dacite yielded a K-Ardateor 4.9 Ma (Tabk 11 the fan marrm. Dune f~elds of the: Ojo 

~ den!% thai the two d1kt sections were orifinally I. sample no. 2-8~MJA, si~r 16), which is the Caliente sandstone pn:obably were denved from 
a single cootinliOl.IS ooe. Radiometric dates and inferred tnne o( lbc initiation of mo-vement on lbc dislal aras ol the Chama-EI RiiO fan :OUVE cbemical analyses !bow that the two sections lbe Pajarito fault zone (Golombek, 1983). We somewhat wa1 and south of our map area. IllATION 

( have identical ages (Tabk I, sites 12 and 15) Stacst tbal, in lbc late Miooc:ne, Guajc Canyon Tbc:se observatiom are consistent witb lhc: work 
and chemistry (Tlblt 2. sample P7, site 12 and was suai,bt and did DOl have lbc prcsCIII npt- of May (1980, 1984) and Elw IIIII odJen 
sample I S-8S-MJ A, site 15). Additiooally, there literal ot1set. At the bqinnina of Pliotaac lime. ( 1984), who examioal proximal portions or lbc 
are pieces of the crushed dike rock all alof18 the the Guaje Mountain fault dcvdoped. aad Tschi- Cbama-EI Rico fan and mCISUied paleo8ow eli-
!ault between the two dike sections, but none coma dacitic magma intruded it. at least panty rectioos mainly 1o !be southwat. May (1 'JSO) nrown I aorth of the dike scaioa WCSI o( tbc fault, aod fi lliDI lbc canyoa. Down <~~~ling of the stream reponed a Ibid eolian scaion in the Ojo Cal-- I none south of the dill.e section cast of the raul~ ant" the daCite entrenched it. so !bat with con· icnte between Chili and Ojo Caliente: aod Ill . 

Geometric: atlaiY'is of the SUliCtural data indi- liD toed fi&bt slip of the fault, the stream cbamtC'J Dethier and Manley ( 1985) showed a thickness ding IIUft 
lane. cates thattbc fault bas a net slip of - 530 m aod tuok on iu present zigzag orientation. or more than 120m ncar the Rio del Oso. Au· led heed 

1 
dip slip or - 140 m. Data used lo make dlis Analysis of the structural data indicates Chat vial adivity \lOIIIillued epGoclically duriaa lbc .ge of ~otrl8e. analysis iDdude !be attitude of !be fault the strill.e-slip movetDCIII on the Glllje Moun- episode of eoliaD clcpalitloa. Auvial c:ballaels of 
(N20"W, 66"£). orientatioo or striu on the u.in fault is -420 m. the dip slip is -40 m tile Oaama-EI Rico eroded into the Ojo CaJ. 

{ faull plane (IS"S), and horizontal (strikc-slip) ttown-ro-thc wesc, and the totalllel slip is -42S ieatc: duaa, panicularly •loa& !be east edae of 
OF ol&el of lbc dike (520 m). "11e calculated dip m. Data used 1o make this cakulatioa io<iutk Lobato Mesa aDd oonh of the area sboWD ill 
DATED 

'! 

slip is COIISISieflt with our undcrslandina of the the faultanitudc (approximately N-S, 90"), bor· Fiprn 2. Perbaps the main axis at the dune rrdd 
local stratigraphy, 140 m ot dip-slip displace- u.ontal (strike-slip) offset ot lite canyoa (420 m), extended IIOf'lbeasl through the Rio del Oso 
meat would juxtapOSC !be Chama-EI Ri10 and lite orieotation of Slriae (S"N). IIIII tht vertical area. Initial dqlo5ition on the Chamita fan 
Ojo Caliente Sandstone Members as we see offset ( 12 m) of the Guaje pumice bed ol the bepn 10 bury the soutbeaslertt DWRin of the 

i them today. The strike-slip offset on !be fault Otowi Member of the Bandelier Tuff on !be d1111e field, IIIII the fans aad the eolian depolits 
clearly occurred after emplacement of the bualt nonh wall of the canyon. Tbt assumptioa was probably illtcrfin&er beneath (he baalt flows ol • dike: however, lbc rqional kinematic bislory made that the 12 m of vertical ciJsplacement on 0ara Pak and lo the WCSI and lOUth. J requires lhat the strikMiip movement stancd at the -I.S-m.y.-old GuaJc pumice bed reflects Tbr. hiP cooc::entration o( tbiclt gravel beds in , 
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