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Stratigraphic and tectonic evolution of the northern Espafola basin,
Rio Grande nift, New Mexico

M. J ALDKICH, J&r.
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ABSTRACT

New K-Ar radiometric dates f, om Miocene
volcanit rocks in the northem Espaiola basin
and noctt n Jemez M of north-
central New Mexico help constrain the late
Tertiary depositional and tectonic history of
the area. Stratigraphic relationships and radi
omeiric ages from lavs flows and dikes show
that the Santa Fe Group, which is the domi-
sant fis ol the Rio Grande rift in the Espaiiol

its present position since 2t Jeast mddle Mio-
cene time, The channel has meanderedt and
shifted Laterally, resulting in markediy ciffer-
ent stratigraphic sections on cither wafl of the
canyon in the vicinity of the western bound-

ary (Pajarito) fauht of the Espanola basin,
Two msjor north-trendir g faults (the Guaje
Mountaio and Canada del Amagre) have sig-
nificantly larger strike-slip components than
dip-slip compooents. The large horizonwl
np of displ on these {aulis is

basin, consists of two Miocene alluvial fans
separated stratigraphically by eolian deposits.
The otder (> 12.4 Ma) fun, the Chama-FEl Rito
Member of the Tesugque Formation, was de-
rived mainly from the north and northeast: it
consists of volcaniciastic silty sandstone and
gravel. The younger (< 12 Ma) fan, the Cham-
ita For mation, was built ta the southwest and
contains rock material from the Sanpre de
Criste Mountains and from northern New
Mexico in gravel channels cut into sundstone.
These fans overiap in the study ares and in-
terfinpzer with the 14 Ma to 12 Ma northeast-
transported eolian deposits of the Ojo Cal-
jente Sandstone Member of the Tesuque
Formation.

Between about 1S Ma and 14 Ma, during
deposition of the Tesuque Formation, Jemez
volcanism began with eruption of Lobato Ba-
salt in an ures that is now the northern Jemez
Mountsins. Basaltic volcanisin became wide-
spread only during a briel period ca. 10 Ma,
when flows spread out across much of the
study area. This episode of busaitic volcanism
largely shut off ca. 9 Ma, approximaiely
coeval vith & regional clock wise rotation of
the extension direction. This suggests 3 causal
connection between the tectonic sctivity and
basaltic volcanism. Minor Lobato volcanism
continucd until ca. 7 Ma,

Stratigraphic evidence suggests that the
stream that lormed Sants Clara Canyon, the
largest cast-trending drainage in the north-
east Jemez Mountains, has been located pesr

probably relsted to counterclockwise rots-
tion of the intra-rift blocks. Approximate stip
rates for the faults, calculated using s radio-
metrically dated basalt dike and dacite come,
are virtuafly identical, yielding a stip rite of
0.1 mm/yr during the past S m.y.

INTRODUCTION

The Rio Grande nft (ROGR ) e a S00-km long,
nonh-northeast -trending  intraconuinenta  nft
that extends from central Colorado o northern
Mexsco (Fig 1). It conssts of a senss of nght-
stepping hasiny that began developing 1n the
Dhgacene as broad. shallow  depressions
{Chapin and Seager, 1975 Maniey, 1979). be-
giamng ca 9 Ma (Chapin and Scager, {975,
Baldndge and others, 1980, Golombek and oth-
ers, 1983, Seager and otness. 1984), they were
modified into deep basins w.th bigh-angle faults
The Espadiola basin, locaed i the north-uentral
nft, extends under the Jerne volcamic pile and o
separated from the San Liis basin by a basement
high that extends northwest from the Picuns
Range 10 the vicmity of ta Madera (Curdeil,
197%; Maaiey. 19791 Atca § Ma. the {aults on
the western mazgin. now exposed in the wouth-
ern Jemez Mounwauns, became mactive (Gard-
acr. 1985), by ca S My, the active fault bound-
ary stepped castward o the Pmjanto fauht
Muehiberger (1979) sugpested that the hiock
bordered by the Embude taccommaodation zone
betwoen the Espaiola and San Luss basnsi, Pa.
janto, Tyeras-Cadoacity, and  Pecuns-Picuns

Gevlopan! Socety of Amenas Bulletr, v 102, p 1695, 1705, s . ? tables Dexxriber 19
) [4
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faults (Fig 11 has rutated counterchiwkwin: re
sulting 10 compression at the acute cornen
Based on Gield evidence in the northern: Frpad
ola masio and regonal tectome consiaeration.,
Aldnch (1986) has concluded that rotation of
this {Fspafiola) block began ca § Ma

The Jemez Mounains are a late Ten any
Quaternary volcamw field that straddies the
wesicrn margin of the north-central nft JThe
older volcanics are interlavered with sedinients
i the Albuquerque and Espadola basins, which
border the Jemez field on the south, east:and
northeast (Fig. 1). Volcanic acivity was thoiight
10 have started during the earty late Miocene, ca.
10 Ma (compare with Bailey and Smith, 1975y,
however, Gardner and Goff (1984 showed that
volcanism began at least as early as §3 Ma, New
K-Ar dates for volcame flows and dikes 11 the
nanheastern Jemez Mounwans and nor hern
Eapadola basin (Fig 2 help to date the st:atp-
raphy of the Espadola basin. move back the
mtiabon of Lobato basaltic volcanism in the
Jemez Mewintams. 2nd have important histoncal
mplicaticns.

In this papes. we present modificavons o the
straugraphy of the older Jemes volcanics and
the main sedimeatary unst in the Espadiola hasin,
the Santa Fe Group Addmionally, we discuse
mphicatans of our data for late Tertiary Qua-
ternary tectam.m wn the north-centrat Rio
Grande nft and for the dramage system ¢ f the
gortheastero Jemez Mountains.

STRATIGRAPHY
Upper Tertiary Sedimentary Rocks

The well-exposcd straugraphy of the thick,
sedimentary fill in the aorthern Espadoln basin
has Loen studied b many worken, indiuding
Smuth {1938}, Galusha and Blick (19713, Man-
tev (1974, 19760 1976b, 1976c, 19791, May
(19841, Lkas and others (1984). and Cavazra
119891 Dethier and Manley (1985) published a
geotogic map of the Chili quadrangle west of
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Figure 1. Location map of the Jemez Mountzins ani Espadiots basin 0! w Rio Grande rift.
trregular ares northwesi of Espaiols, outlined by hesvy fine, definesies hxcution of Figure 2.
Rectangle north-northeast of Los Abiunos delimates location of Figure &.
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Espailols that gives detailed descriprions of the
fluvial sandstone, silistons, and conglomeraie
that comprise the Santa Fe Group on the north-
east flank of the Jemez Mouniains.

Stratigraphic relations (Fig. 3) in the northern
Espadiola basin are complicaied by the sinmlanity
of rock types througbout the Santa Fe Group, by
extensive faulting. and by pervasive cover of
pediment gravel and colluvium. Sedimentary
rocks in this ares are roainly arkasi; sandstopes
included in the Tesuque and Chamita Forma-
tions of the Mioceae: Ssnta Fe Group, and the
volcaniclastic Puye Formation. In the central
part of the Chili quadrangle, cross-bedded eolian
sandstone of the Ojo Caliente member (Tesuque
Formagon) scparstes the fluvial rocks of the
Chama-Ei Rito sandstone (Tesuque Formaton)
and Chamita Formation. In areas north and
east, however, channels of fluvial sand and peb-
ble gravel are interbedded with the Ojo Cali-
ente. Thick sections of sedimentary rocks in the
southwestern past of the study area (Fig. 2) may
represent facies of the Oyo Caliente and Chama-
El Rito members, or possibly the Chamita
Furmatioc; lithologies cannot be correlated with
coafidence o any of thesc units. Bessit flows
and dikes dated Guriing this study provide tem-
poral control and valuable stratigraphic markers
in this srea of cumplex, faulted stratigraphy
(Table 1).

The Tesuque Formation is the principal fill of
the northern Espadiola besia and cousists of

Chama-El Rite 2nd Ojo Caliente sandstone
members, defined by Galusha and Blick (1971)
and nmodified by Maniey (1979). These units
have not been correlated precisely to members
of the Tesuque Formauon described in the
southeastern Espstola basin by Galushs and
Blick (1971) aod mapped ty Cavazza (1989).
1n the southwestern part of 1he study ares (Fig.
2), west of the Pajanio feuli. the Tesuque For-
mation (undivided) consists mainly of silt-rich
fluvial saadstone, pebbly channel gravel, and
beds of colisn sandstooe. in Santa Clara Can-
yon, pumiceous lshars and thin beds of basaltic
gravel we interlayered in the Tesuque Forma-
tion, paricularly ncar basait flows, indicating
tocal volcanic sources (0 the west. Paleocurrent
measurements from five pebbly sandstones sug-
gest, bowever, that most of the Tesuque Forma-
tion in the Clara Peak/Sants Clara Canyon area
was deposited in south-flowing channels (D. P.
Dethier, unpub. dais). Cross-bedded colian
sandstone in the upper Arroyo de la Plaza Larga
was traasported by winds blowing from the
soathwest (Dethier and Manley, 1985). Beds of
eolian sandstone locally compose 50% of the
Tesuque Formation in this ares, but the uni-
form, thick sections of sandstone that typify the
Ojo Calicate elsewdere (for example, May,
1980; Dethier and Manley, 198%) are not pres-
ent. Fluvial sandsiones, pebbly sandstopes, and
thin lacustrine sittstones arc similir to sactions of
the Chama-El Rilo described in the Vallecitos

&

quadrangic (Dethser and Marun, 195¢) Because
the Charas- Ef Rie and Opo Calienie sandstone
membern are o clearly distinguishabile west of -
the Pgjarito fault, we have mapped them as .
Tesugue Formation (individed) in that ares.

The Chams- EI Rut) sandstone membcr ofthe: ~
Tesuque Formation was deposited on the distat ©
margin of souwta-builchng alluvial fans (Deshier
and Martir, 19:34; Ekas and others, 1984) and s °
primanly an whosic sandstone that comains
channels and sheets of volcanic gravel Most of
the Chams-E! Rito consists of mamive 10
planar, cross-bedded. arkos.c silty scndsione.
Extensive thin beds of red ciay and calcareous
and chert-nch beds contauning abundant siem
casts suggest that some of the deposits on the
wesitern margin of the map area formed in
playa-lake covironment. Pebbly volcame sand-
stonc of the Chama-Fl Rito accumulated in
channels mainly trending to the south, but pa-
leocurrent directions vary widely, particularly in
the wesiern map area and in the northern Chili
quadrangle (Dethier and Manin, 1984). The
base of the Chams-El Rito is not exposed in our
study area but is wought o be (0 18 m.y. old
near Abiquiv (Ekas sod others, 1984; May,
1954). interbedded eolian and fluvial sandstones
suggest that the upper 20 150 40 m of the
Chama-El Rito represeats s gradual change 10
more and conditions that favared deposition of
the eolian Do Caliente sandstone. Where the
Qjo Caliente s thin, the upper Chama- E! Rito
and the lower Chamita Formation are difficult
to distinguish because their source areas and dep-
oeitional environments were similar (Dethier
and Manley, 1985).

The Ojo Caliente sandstone is an eolian unit
exposed primarily porth of the Embudo fault
rone; the sandstone reaches & thickness of more
than 210 m in the northem part of the Geld ares
(Kelley, 1978; May, 1980; Dethier and Manley,
1985). Sarsdstone in the urdt is arkosic and
weakly W strongly cemented by CaCO;3. The
Oro Caliente sandsionc interfingers with both
the Chama--El Rito sandstone and the overlying
Chamits Formation. In the aorthern part of the
Chili quadsangie and in the adiscent Medanales
quadrangle to the north, beds of fluvial sand-
stone and pebble grave! are common in the eo-
lixn depesits, sugpesting that deposition on the
Cnama-El Rito fan continued during construc-
tion of the Ojo Calieme dune field. Fluvial beds
in the upper Ojo Caliente may also be related 10
the Chamits fan, but neither pebbie lithologies
nor paloocurrent directions are definitive, We
have thus mapped thick sections of eolian sand-
stone io the northwestern Espadola basin as Ojo
Caliente, but eolian sections izss than ~25 m
thick could have sccumulated synchironousty
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Figure 3. Upper Tertiary stratigraphic see-
tion of study ares, showing ages of units.
Ages and relationships of stratigraphic units
are also given.

with tbe Chama-El Rito, Ojo Caliente, or
Chamita.

The Chamita Formation is exposed east and
south of the principal Chama-El Rito crops out
in an ares defined by the Embudo and Pajarito
fault zones. Paleocurrent directions (Dethier and
Manley, 1985) suggest that the axes of the
Chamita depositional basin lay to the south and
west of its present outcrop area. Paleoflow direc-
tions are slightly more westerly than those of the
Chama-£l Rito, and the gravel fraction includes
as much as 10% clasts from easterly Sangre de
Cristo sources, which are not represented in the
Chama-El Rito. Arkosic sandstones, siltstones,
and devitrified tephra in both units cannot be
easily distinguished. The Chamita Formation
and Chama-E! Rito sandstonc may interdfinger
in the arca west of the Pjarito fault (Fig. 2).
Exposures north of the Embudo fault zone are
less than 40 m thick and ase capped by 10-m.y.-
old Lobato basalt flows. South of the Embudo
fault 200e snd east of the Pajarito fault, the
Chamits Formation is more than 210 m thick

cho, about 130 m of Chemita Formation is ex-
posed beneath a basalt flow dated at 9.6 Ma
(Table 2), and 70 m of Chamita rocks crop out
berwoen the Bow and an angular unconformity
bencath the Puye Formation. Paleomagnetic
data indicnte that the typ of the Chamita is
hout 4.5 ray. in its type area some 10 km east
of the cast edge of the area shown in Figure 2
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(McFadden, 1977). The Chamita bas ot been
mapped south of this area excepe at individual
fossil quarmies (Galusha and Blick, 1971).

The Pliccene Puye Formation (Smith, 1938;

Griggs, 1964) forms s large (> 180 kmn?) alluvial
fan. composed of 15 km3 of volcaniciastic mate-
rial derived from Tschicoma lava domes in the
Jemez Mountains (Turbeville, 1986). 1t is s
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sitica portion of a group of other Jemez rocks on
a plot of toal alkalies versus SiO, (Fig. 4) and
straddle the boundary of the alkaline and subal-
kaline fields. Because these fows are chemucally
similar to the Lobeio Basalt and form the base of
s conunvous section of basalt ficws, of which
most is usquestionably Lobato, we conclude
that they should be included with the Lobaic.
Therefore. Lobato volcanism began ca. 15 Ma
during the middle Miocene.

Stratigraptsic Signif

New potassium-argon dates from basalt flows
and dikes (Table 1) provide local age control for
the Tesuque Formation (undivided), provide an
upper limis for the age of the Ojo Calicote in the
sorthwesiern Espailols basin, aad constrain the
age of the contact between the Chamita Forma.
tion and the Ojo Calisnte sandsione. The new
dates do ncw cosely limit the age of the Chama-
EI Rito, but it is older than a dike dated at 10.6
Ma (site 12) and probably older than the
Chamita/Op Caliente contact that is dated ca.
12.4 Ma (Table 1). Th: Ojo Caliente sandsione
oear sites 10 and 1| (Fig. 2) is older than ca. 12
Ma, providmg a local minimum age for the
Chama-El Riw. Thin basalt flows that are inter-
layered with the Tesuque Formation demon-
strate that insual Lobato volcanism occurred as
Tesuque alluval fans were actively building tc
the south scd west ca. 14 Ma. Because the
Tesuque Formation an Santa Clara Canyon
contains boch fluvial and eolian beds, 14 Ma
may also prwide an estimate for the maximum

o TEWA GROUP

age of the Ojo Caliente sandstone. Lobato flows
located 20 w0 50 m above the Chamita/Ojo
Caliente contact arc dated at 12.4, 119, and
~10 Ma (Table 1); dikes that cut the Ojo0
Caliente give dates of 10.7, 10.7, and 10.3 Ma.
The dates indicate that the unconformity that
locally cuts the Ojo Caliente is oider than 12.4
Mas and that witial deposition of the Chamnta
Formaton occurred somewhat betweer: that
time and about 10 Ma. The bass! Chamisa had
previously beco thought 1o be younger than 10
Ma (Dethicr and Manley, 1985).

The vorthern Espadols basin lay at the distal
margins of two alluvial fan complexes during
meddie Miocene trme. Eolian deposits and basalt
flows interiayered with the alluvial deposits orig-
inated southwest of the area. Our mapping and
age delerminations of besalt flows suggest that,
by about 12 Ma, the Chamits Formation was
building to the southwest and overlapped the
Chama-£l Rito (a0 near Rio de! Oso. Both si-
licic and basaltic volcanism was underway io the
northern Jemez Mountains, but flows reached
only the western part of the map area. By ca. 10
Ma, bowever, basalt from centers such as Cerro
Roman and Clarz Peak (Fig. 2) flowed east in
ar70yos o the vicinity of Chili. Fan deposition
probably continued north of the Embudo faukt
zone afier 10 Ma, but Chanmmia roks are not
preserved. East of Chili, Chamita deposits were
mapped by May (198G) north of the Embudo
zone. but their age is not known. Southeast of
the Embudo fault zonc, depositon of the Cham-
ita Formavon conunued unul after 5 Ma near
Chamits (Manley. 1979) and locally until Puye
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depositon began ca. 4.0 Ma (Waresback,
1986). At other locafiues, Manley (1979) dem-

onstrated that the Chamns Formation was tilted -

gently and eroded before Puye fans encroached
on the area.

Santa Clara Canyon Paleodrainage

Several lines of evideace indicate tha, a
drainage channel has existed in the arex of Santa
Clara Canyon, west of the Pajanio fault, since at
least the middle Miocene. Stratigraphs: sections
on the north and south walls of Santa Clara
Canyon are drasically different. The 1 bato Ba-
salt occurs as 8 thick (>200-m) secuon of flows
(ranging in age from about 15 Ma at the base to
about 10 Ms st the 1op) intestayered with the
Tesuque Formation (undivided) on the north
wall of Sunta Clara Canyon. Basalt flows are
completely absent oa the south wall 600 m to
the south where the Tschicoma Formauon di-
rectly overlies the Tesuque Formauon (undi-
vided). Biotite in the basal Tschicoma flow on
the south wall has 2 K-Ar age of 398 2 0.18
Ma. The Lobato Basalt and Tesuque Formation
(undivided) terminate abruptly sgainst the Tschi-
coms Formation on the west and the Puye
Formation on the esst on the north wall of the
canyon (Fig. 2). The contacts do not appear to
be fauits and thercfore apparendy reflect an ear-
lier wall of the canyon,

Stratigraphic relsuonships 1 the vicinity of
Santa Clara Canyon can be easils explained by
lateral migration of the paleochannel. This low-

d h | ly persisted in the ap-
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Figure 4. Total alkalies versus $i0; for volcanic rocks of the Jemez Mountains (from.Gardner and others, 1986, Fig. 4). Solid triangles are

Lobato Bassk data from this paper.

T

[ T

Pt

AR



lant gravel beds and is
oy as five basalt flows.
the upthrown Chamita
10 m thick. At its type
scribed by Galusha and
ern Espaiiols basin, the
150 m snd includes onty
1979) anributed these
bsilence of the Velarde
k zooe. Structural data
ot along Arroyo de ia
r, that oblique left slip
d the 20n¢ into lale Mi-
i until cx. 5 Ma when
ght stip (Aldrich, 1986).
sout 160 m of Chamita
ck Mesa, porth of the
¢esting & different depo-
: kinematics in the cast-

ggest that motion ov the

N

4

—— e

~

Co— o

s - - -

A3 e amers

EVOLUTION OF ESPAROLA BASIN, NEW MEXICO

Embudo {ault 200¢ in the northern Espaiola
basin may have been predominantly dip sip
from before ca. 12.4 Ma to ca. 10.0 Ma, and
predominantly strike slip since that time. If the
Embudo and Pajanto faults are kinematically
linked, as Aldrich (1986) suggested, then signifi-
cant strike-slip displacements on the Embudo
probably did aot begin before ca. 5 Ma, cousist-
ent vith the observations of Maniey (1979) and
Golombek and otbers (1983). The north-
striking, oblique~slip (aults that paraliel the Rio
Charna could also ~ontribute 10 the present dis-
tribution of the Chamita Forma

Vents that served as sources for flows of Lo-
bato Basait oocur throughout the northeastern
Jemez Mountains and northwestern Espafols
basin. In the study area, the vents arc particu-
larly prevalent along the northeasi-rending
Jemez lineament which consists of a fracture
zone west of the Pajarito fsult and the Embudo
{ault zone to the east (Aldnich, 1986).

Fault Slip Rates

Ls Caiiada del Amagre Fault. The rates of
fault slip in the nonhwestern Espatola basin
bave been determined at two locations. In the
northwest corner of the study area, a basalt dike
dated a2 about 10.6 Ma is offset ~520 m right
laterally along the La Cafiada del Amagre fault
(Fig. 2) which juxuapases Chama-El Rito
sgainst Ojo Caliente. There is compelling cvi-
dence that the two dike sections were onginally
2 single continuous onc. Radiometnic dates and
chemical analyses show that the two sections
have identical sges (Table 1, sites 12 and 15)
and chemistry (Table 2, smple P7, site 12 and
sample 15-85-MJA, site 15). Additionally, there
are pieces of the crushed dike rock all aloag the
fsult between the two dike sections, but none
porth of the dike section west of the fault, and
aone south of the dike section east of the fault.

Geometnic analysis of the structural daua indi-
cates that the fault has 2 net stip of ~S30 m and
dip stip of ~140 m. Data used 10 make this
analysis include the amtitude of the fault
(N20°W, 66°E), orientation of striae on the
fault plane (15°S), and horizontal (strike-slip)
offset of the dike (520 m). e calculated dip
slip is conswsient with our understanding of the
local stratigraphy; 140 m of dipslip displace-
meot would juxtapose the Chama-El Rito and
Ojo Caliente Sandstone Members as we see
them today. The strike-slip offset on the fault
clearly occurred after emplacement of the basalt
dike: however, the regional kinematic history
requires that the stnke-alip movement started at

S Ma when the intra-rift blocks began rotating
counterclockwise about verucal axes (Muehl-
berger, 1979; Brown and Golombek, 1985,
1986). Assuming that the displacement on the
fault is younger than § Ma, the fault has had an
average rate of movement of 0.1 mm/yr since
carly Plioceue time (Golombek, 1983).

Guaje Mountain Faull This fault is part of
the Pajanito fault zonc (Fig. 5). §t is esseatially
vertical and down-to-the-west, and it offsets
Guaje Canyon in a night-lateral sense. Wachs
and others (1988) reported 370 m of harizontal
offset on the fauit. The stream in Guaje Canyoo
cuts through a massive dome of Tschicoma da-
cite by raaking two right-angle bends along the
fault. The Puye Formation over! 'ps the northern
side of the dome, directly on line with that pant
of the canyon west of the fauit. Because the Puye
Formuuon is a weakly cemented sedimentary
unit and the Tschicoma Formation 3 hard da-
cite, logically the stream would be expected to
maintuin its straight-line course through the
Puye rather than deviate sharply to cut through
the dacite.

Flow foliations of the Tschicoma dacite at this
location 2re nearly vertical and are oriented
subpasallel to the fault Although structural rota-
tion of the flow foliation near the fault undoubt-
edlywnm"bmedwtheirpramlorienn_lion.we
infer that the flow foliaion also reflects move-
ment of the dacitic magma up along the fault.
The dacite yielded 2 K-Ar date of 4.9 Ma (Table
i, sample no. 2-86-MJA, site 16), which is the
inferred tme of the initiation of movement on
the Pajarito fault zone (Golombek, 1983). We
suggest that, in the late Miocene, Guaje Canyon
was straight and did not have the present right-
lateral offset. At the beginning of Pliocene time,
the Guaje Mountain fault developed, and Tschi-
coma dacitic magma intruded it, at least partly
filling the canyon. Down-cutting of the stream
it the dacue entrenched it, 5o that with con-
tin..ed right slip of the fault, the stream channel
took on ils present zigzag orientation.

Analysis of the structural dats indicates that
the strike-slip movement on the Guaje Moun-
tain fault is ~420 m, the dip slip is ~40 m
Aown-to-the west, and the total net slip is ~425
m. Data used 1o make this calculation include
the fault attitude (spproximately N-S, 90°), bor-
zomal (strike-slip) offset of the canyon (420 m),
the orientation of striae (5°N), and the vertical
offsct (12 m) of the Guaje pumice bed of the
Otowi Member of the Bandelier Tuff on the
north wall of the canyon. The assumption was
roade that the 12 m of vertical displacement on
the ~1.5-m.y.-old Guaje pumice bed reflects

x
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the average vertical displacement rate/1.5 m.y.

since the fault formed. This 1s consistent with the
wmmulvaualdxsphcmml(dunngs my.) &
calculated from the structural data. If movement

on the fault began i the early Pliocenc, as the,

¥

evidence suggests and as roquired by the inferred

kinematic history of the nift, then the rate of slip§ i
averaged for the past S m.y. is 0.1 mm/yr, the
sasme as the ship rute on the La Zanada del Ama-
gre fsult.

4
DISCUSSION AND CONCLUSIONS

Our mapping and ncw radiometne dates
demonsirate that (1) the Chama-E! Rito and
Ojo Caliente Members of the Tesuque Forma-
tion interfinger and are older than about 12.4
M3 in the northers Espaiols basin; (2) the basal
Chamita Formation is locally as old as 12.4 Ma;
and (3) volcanic detritus from the Jemez Moun-
tains did not contribute significantly to the ex-
posed Miocene fill in the northern Espadols
basin. These observations coliectively suggest
that during most of Miocene time, the deposi-
tional axis of the basin lay west of the Pajarito
fault and that relief in the northern Jemex
Mountains was relatively low. Intermitent flow
in gravel channels or alluvial fans transported
mixed arkosic and volcanic detritus west and
southwest toward the northerm Jemez Moun-
tains and aliernated with periods of eolian influx
at the fan margin. Dune fields of the Ojo
Caliente sandstone probably were denived from
the distal sress of the Chama-E! Riio fan
somewhat west and south of our map area.
These observations are consistent with the work
of May (1980, 1984) sod Ekas and others
(1984), who examined proximal portions of the
Chama-El Rito fan and measured paleofiow di-
reitions mainly to the southwest. May (1980)
reported a thick eolian section in the Ojo Cal-
iente between Chili and Ojo Caliente; snd
Dethier and Mauley (1985) showed a thickness
of more than 120 m near the Rio del Oso. Flu-
vial activity continued episodically during the
episode of eolian deposition. Fluvizl channels of
tbe Chama-El Rito eroded into the Ojo Cal-
iente dunes, particularly along the east edge of
Lobato Mesa and north of the area shown in
Figure 2. Perhaps the main axis of the dune field
extended northeast through the Rio del Oso
srea. Initial deposition on the Chamita fan
began to bury the southeastern margin of the
dune field, and the fans and the eolian deposits
probebly iaterfinger beneath che basalt flows of
Clara Peak and (0 the west and south.

The high concentration of thick gravel beds in

S

.

J

2




e
e o I

¥ s
NI P i ey,

1h

.

bl

£
EVOLUTION OF ESPANOLA BASIN, NEW MEXICO l705§

Saday. R A Swith R L. sadRem C 8, 1969, Stranipraphuc momeactstre
awwhnmmm«mus&w

Weidridge, W. 3. Daseos, P. £, Shafioulinh, M. aad Bridwed, K. . 1990,
Mdhmuu#&-m“
Earth and Plomstary Science Levers, v. 31, p. 305-321.

Sroms, L 1. snd Golowbek, M. P, 1985, Teooic nomions withe the R
M*EM&M-&:MMM
ical Resousch, v. 96, p 790-302

——— 1986, Block rowusoss is B Rio Grade & Tocwomics, v. 5,

P CB-430

Cavatie, W, lm.wmd-mmurm
MMM&.M&&QMM
Jowroal of Sed Pewclagy, v. 39 (), . 207296

Oapin, C. E, and Sengar, W, R, 1975, Evokatios of the Reo Grande vk in
Fieid Coofervace, Geidedook, p. 297-321.

Courcy, F. 8, 28d Hack, J. T, 1975, Ae cxbumot ercsion awtece o the Joma
Mhl‘d&lnﬂddﬂ“‘.v.ﬂ.;tl}m
MLMWW!‘#'&MM&W

< Sociaty of Awerics Sullonw, v. 86, p. 1073- 1090,

Delrympie, G. B, Cox. A, Doell, R. R, snd Grmame, C. 5., 1967, Phicoeme
eoxmagaetic polarity apochs: Eant snd Plaactery Scieace Leners, v 2
pIG-I7Y

m.n.r.umq.utmw-.d&wm
%MMM.MMUSWWMM
ocs Field Sradin Map MF-1314, scale 134000,

M.D‘P.ﬂlukll.mﬁnﬁpudmanmd
e mortheaserrs Semme Mowsaize, New Menice: Mezico
NM.JQMMMW}IOS—ISO

uﬁ-.n!,mu:..&.-amn.lmmxwm
for Micozae voliamic rocks o the sorfhaasrs Jemer Mowstsins ead
Tﬁ“hlﬁn%nﬂ.pﬂ-l&

MLLWILH&LLNI&Q.IA._I%&P“
sguetinm, s

“Mdu“wwmydm
de.""’i"m'/&dm“.l The

G, L M, Y. . 984,
Chacx-B) o Formanion, Sepedols Besin, New Mesicre New Mexioo
f‘:!,"ﬂ Socioty, 35¢ Amsust Fiskd Cowlessnce, Gaidebock,
p 157-100,

GMT..—“).C.W)I.WJQI‘-RG@N&
%mh‘“h“ﬂ.\ﬂ«.lﬂ’.

“.J.&thﬁﬂwwdhlnw
whnmahmumm
WM.M}MWMH%L
Deva.

W.I.N.MF&.&-"N—’.~MLC.|~.“
EBNC retanow sod i vars .

muummu&unmmu
cstmaion, e relstion © the state of strem in the westors Uniand Sumes
Tecwaophysicn, v. 94, . $43-507,
G@LL!MW-‘MM‘&I‘M
:;MMUS.WMW-MM"&
r
&MMFQ.“LMT!‘YK“W\“&
h—n.ﬁnu:,:-,.-nﬂ—.hh( 1986, jaerwveltanic

k—.G.MLM.C.MO. 1900, K-As and fiswion wrack
ﬁz--d(‘-n?ﬂ‘om-h—'ihhm
ﬁ;hlﬂn‘ US. Geoiogical Survey Protmionsl Pager 1195,
2 3741,

125000
Lucdhe, R G andSmid R L. 978, Map showing disuibusion. composition,
a3 age of Lase Cenonokc wolcanic oeers in muhm

——lm.l-m-l-nudﬁMI—hleﬂ.
M%hl&e&.l.l.d.li“ﬁthﬂu'--l
o Washing DC. Amwricss G il Union,

s -0

M.Kmﬂmu,ﬁ.lﬂl.hkw‘hwﬂmﬂ
hmm-nmmwh—.um
Muuh—nanmmumw
5 30, p 3-8

W&D.WCD.W.J.N.MMLW.M
Emdmnmu&:&bhﬁmh.
ndmmmmumwm

:
i
5
3
$

e

Pruned in USA.




