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Introduction

A large amount of whole-rock major-
and trace-element and isotopic data is
available on volcanic rocks from the Zuni-
Bandera (ZBVF) and Mount Taylor (MTVF)
volcanic fields in west-central New Mex-
ico (Baker and Ridley, 1970; Renault, 1970;
Laughlin et al., 1971, 1972a, 1972b, 1979,
1982; Lipman and Moench, 1972; Delle-
chaie, 1973; Carden and Laughlin, 1974;
Brookins et al., 1975; Gawell, 1975; Ander
et al., 1981; Crumpler, 1980, 1982; Perry
et al., 1987, 1990; Menzies et al., 1991). In
contrast, the geochronology of the area,
particularly that of the Zuni-Bandera vol-
canic field, is not well constrained, and
neither geochemical nor geochronological
data are available for basalts capping Ce-
bollita Mesa east of the ZBVF.

The poor geochronological constraints
for the Zuni-Bandera basalts in part result
from analytical problems associated with
the K-Ar dating of very young basaltic
rocks. Unpublished data of Laughlin, Da-
mon, and Shafiqullah (1985) suggest that
many of these Quaternary flows contain
excess “Ar causing them to yield anom-
alously old K-Ar apparent ages. In ad-
dition, some K-Ar ages published by
Laughlin et al. (1979) and Ander et al.
(1981) are apparently in error because of
the presence of excess “Ar.

We have recently obtained 19 new K-
Ar and *Ar/*Ar ages and XRF whole-rock
analyses for basalts from the three vol-
canic fields. Our results refine the geo-
chronology of the MTVF, provide
reconnaissance geochronological data for
correlative basalts of the Cebollita Mesa
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FIGURE 1—Localities of basalt samples of the Mount Taylor, Cebollita Mesa, and Zuni-Bandera

volcanic fields, New Mexico.

volcanic field (CMVF), and establish a
framework for the geochronology of the
ZBVE. Additional work in progress on the
very young basalts of the ZBVF employ-
ing the *He, U-series, “C, and *Ar/”Ar
methods will be reported in a separate
publication.

Geological background

The Mount Taylor, Cebollita Mesa, and
Zuni-Bandera volcanic fields are located
along the Jemez lineament in west-central
New Mexico (Mayo, 1958; Laughlin et al.,
1976, 1982; Fig. 1). The fields lie within
the transition zone between the Colorado
Plateau and Basin and Range tectonic
provinces (Thompson and Zoback, 1979;
Zoback and Zoback, 1980; Baldridge et al.,
1983, 1991; Aldrich and Laughlin, 1984;
Olsen et al., 1987). Extension in this re-
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gion began in the middle Tertiary (Al-
drich et al., 1986) and continued into the
Holocene as recognized by Aldrich and
Laughlin (1984) and Maxwell (1986).

Volcanic rocks of the MTVF range from
basalt (sensu lato) to rhyolite in compo-
sition (Hunt, 1938; Baker and Ridley, 1970;
Lipman and Moench, 1972; Crumpler,
1980; and Perry et al., 1990). Perry et al.
(1990) report an area for the MTVF of 1100
km? (425 mi®) with about 80% of this being
basalts covering two levels of mesa tops
peripheral to the main Mount Taylor vol-
canic cone. In contrast to the younger
ZBVF, where basalts range from alkalic to
tholeiitic in composition, all basaltic rocks
of the MTVF are alkalic (basanite, alkali
olivine basalt, hawaiite). Mount Taylor is
a composite cone consisting primarily of
latite and quartz latite lava flows and as-
sociated volcaniclastic deposits. The com-
position of lavas erupted from Mount
Taylor changed systematically with time.
The earliest eruptions, between 3.3 and
3.0 Ma, were dominantly rhyolitic, fol-
lowed by eruption of quartz latite be-
tween 3.0 and 2.6 Ma (the most active
period of cone growth), and eruption of
latite between 2.6 and 1.5 Ma (Perry et
al., 1990). Considerable geochronological
data are available for volcanic rocks of the
MTVF beginning with the pioneering
studies of Bassett et al. (1963). Published
ages for the MTVF are summarized in Ta-
ble 1, and suspect ages (anomalously old)
are indicated. Geologically reasonable ages
for the MTVF range from 3.73 to 1.57 Ma.

To the south of Mount Taylor, Cebollita
Mesa lies east of the ZBVFE. This mesa
(~300km? ~116 mi®) is capped by basalt,
and reconnaissance geologic work iden-
tifies several shield volcanoes and nu-
merous maars on the mesa top. The map
of Luedke and Smith (1979) shows 12 vol-
canic centers on the mesa top. Because
Cebollita Mesa lies at approximately the
same elevation as the high mesas that sur-
round Mount Taylor, it has been generally
assumed (F. V. Perry and A. W. Laughlin,
unpubl. data 1992) that basalts in the two
areas are equivalent in age. Previously
unrecognized geochemical differences in
the basalts from Mount Taylor and Ce-
bollita Mesa, however, lead us to con-
clude that it would be appropriate to define
Cebollita Mesa as a separate volcanic field,
the CMVFE.

In preparation for the establishment of
the El Malpais National Monument and
the El Malpais Conservation Area, Max-
well (1986) mapped much of the geology
of the ZBVE. Maxwell’s excellent map
supplements work by Nichols (1946),
Hatheway and Herring (1970), Causey
(1970), Laughlin et al. (1971, 1972a, 1972b,
1976, 1982), Carden and Laughlin (1974),
Dellechaie (1973), Gawell (1975), Brookins
et al. (1975), and Menzies et al. (1991),
who focused on the geomorphology, pe-
trology, geochemistry, and isotope geo-
chemistry of the basalts and incorporated
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ultramafic xenoliths but did no systematic
mapping of the field.

In contrast to the MTVF, only basaltic
volcanism occurred within the ZBVEF,
where over 100 vents have been recog-
nized (Luedke and Smith, 1979). Many of
the vents are aligned along N38°E trends,
e.g. the Chain of Craters, and there is a
suggestion of orthogonal N52°W trends
controlling the location of some of the vents
within the field. Ander et al. (1981) rec-
ognized a tendency for vents to be elon-
gated parallel to the dominant N38°E trend.
Flows from these vents cover approxi-
mately 2460 km? (950 mi’®). Ander et al.
(1981) cite composite flow thicknesses of
61 m (200 ft) at El Morro, 20-60 m (65—
197 ft) near Grants, and 36 m (118 ft) near
the center of the Bluewater flow west of

Grants. Robert Lee (oral comm. 1992) re-

ports flow thicknesses of as much as 145
m (475 ft) in water wells near the center
of the ZBVFE. If the average thickness of
the flows within the ZBVF is a very con-
servative 30 m (100 ft), the total volume
of the basaltic lavas is about 74 km® (18
mi®). Individual flows such as the Fence
Lake flow may be as long as 100 km (60
mi).

The basalts of the ZBVF range in com-
position from low-silica alkali basalts to
high-silica, high-aluminum tholeiites
(Laughlin et al., 1972b; Ander et al., 1981;
Menzies et al., 1991). Unpublished data
of Laughlin and Perry (1992) suggest that
basalts from many of the vents are chem-
ically distinctive and that basalt compo-
sitions are an important tool for correlation
within the ZBVE. Typically the basalts are
aphanitic to microporphyritic in texture.
Small olivine phenocrysts are present in
many flows, and coarsely porphyritic ba-
salts with large phenocrysts of plagioclase
occur south of Cerro Rendija, west of Ban-
dera Crater, and as a stubby flow from the
Cerro Chato—Cerro Lobo vent complex
(Ander et al., 1981). Kyle (oral comm. 1993)
reports that these large plagioclase por-
phyritic basalts are common in the south-
ern part of the Chain of Craters. Crustal
xenoliths of sandstone, limestone, gran-
ite, gabbro, and granodiorite are present
in some flows, and both crustal- and man-
tle-derived xenoliths are common in the
cinder pits near Bandera Crater (Laughlin
et al., 1971). Anorthoclase megacrysts,
which may be suitable for conventional
K-Ar and “Ar/*Ar dating, are present in
flows and cinders from Bandera Crater
(Laughlin et al., 1971) and in flows from
the Oso Ridge volcano.

Few radiometric ages are available for
the ZBVF, and several of these are suspect
because of the presence of excess *Ar in
these young basalts. These ages are sum-
marized in Table 2, and suspect ages are
identified. The albedo of basalt flows
shown on Landsat and U-2 imagery has
proven very useful in establishing relative
ages of the basalts of the ZBVF. In general,
these relative ages agree with the map-

ping results of Maxwell (1986) for the main
part of the field.

Laughlin et al. (1979) published four K-
Ar ages ranging from 1.57 to 0.199 Ma for
basalts of the ZBVF; two of these appear
to be too old. The sample of the Laguna
flow collected about 5 km (3 mi) east of
Grants along -40 gave an apparent age
of 1.57+0.26 Ma. Based upon the degree
of weathering, soil cover, and geomor-
phology, this date appears to be too old.
Champion and Lanphere (1988) reported
an age of 0.128+0.033 Ma for a sample of
the Laguna flow collected by Laughlin
about 1.5 km (1 mi) east of the intersection
of I-40 and NM-117. Lipman and Meh-
nert (1979) reported an age of 0.38+0.25
Ma for a sample of what may be the same
flow from near Laguna Pueblo. A second
anomalously old K-Ar age of 1.41+0.29
Ma was obtained for the tholeiitic Fence
Lake flow near the Arizona border. Un-
published data (conventional K-Ar and
%A r/°Ar) of McIntosh, WoldeGabriel, and
Laughlin (1993) suggest that the correct
age of the Fence Lake flow is between 0.60
and 0.70 Ma and that some samples of the
flow may contain excess *’Ar.

Ander et al. (1981) also reported four
K-Ar ages for basalts of the ZBVF. At least
three of these are apparently in error, pre-
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