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INTRODUCTION

Eight boreholes drilled for environmental restoration and 
seismic hazards programs at Los Alamos National Laboratory 
(LANL) encountered previously unknown dacite lavas beneath 
the Pajarito Plateau (Figs. 1, 2). These dacite lavas are of interest 
because they are less permeable than the enclosing Puye Forma-
tion, one of the major Pajarito Plateau aquifer units (Purtymun, 
1984, 1995). Additionally, perched-intermediate groundwater 
beneath the Pajarito Plateau is commonly associated with buried 
lava flows (Robinson et al., 2005). Variations in modal mineral-
ogy, mineral texture, and chemistry suggest that these lavas rep-
resent four separate pulses of dacite volcanism. Understanding 
the spatial distribution of these low-permeability dacite lavas in 
the subsurface is important for groundwater monitoring and for 
modeling groundwater and contaminant flow between LANL and 
surrounding communities. This paper describes the distribution 
of these four dacite lavas in the subsurface and summarizes their 
diagnostic chemical and petrographic characteristics.

GEOLOGIC SETTING

The Pajarito Plateau is an east-dipping ignimbrite plateau that 
overlies the western part of the Española Basin of the Rio Grande 
rift (Fig. 1). The Pajarito fault zone, a major active rift-bounding 
fault in the western part of the Española Basin, separates the Paja-

rito Plateau from the Jemez Mountains to the west. The surface 
geology of the Pajarito Plateau is dominated by the Quaternary 
Bandelier Tuff, which erupted from the Valles caldera between 
1.61 and 1.22 Ma (Griggs, 1964; Smith et al., 1970; Izett and 
Obradovich, 1994; Spell et al., 1996). The principal groundwater 
resource beneath the plateau occurs within Miocene and Pliocene 
fluvial sedimentary rocks that fill the western portion of the Espa-
ñola Basin (Griggs, 1964; Purtymun, 1995). Miocene and Plio-
cene basalts and Pliocene dacite lavas are intercalated with the 
basin-fill sedimentary deposits, and they are significant compo-
nents of the local aquifer (WoldeGabriel et al., 1996, 2001, 2006; 
Broxton and Vaniman, 2005). These lavas represent eruptions 
near the margins of the Jemez Mountains volcanic field (JMVF) 
and the Cerros del Rio volcanic field (CdRVF), located west and 
southeast of the Pajarito Plateau, respectively (Fig. 1). 

Lavas of the JMVF most relevant to this investigation belong 
to the Tschicoma Formation of the Polvadera Group (Griggs, 
1964; Smith et al., 1970; Broxton et al., 2007). The Tschicoma 
Formation is best exposed in the Sierra de los Valles, the moun-
tainous highlands west of Los Alamos. Tschicoma lavas in the 
Sierra de los Valles erupted from overlapping dacite dome com-
plexes that include the proximal source areas at Cerro Grande, 
Pajarito Mountain, and the headwaters of Rendija Canyon (Gard-
ner et al., 2006; Broxton et al., 2007). Samples of flows collected 
on Cerro Grande and Pajarito Mountain yield 40Ar/39Ar ages of 
3.07 ± 0.11 to 3.35 ± 0.17 Ma and 2.93 ± 0.06 to 3.09 + 0.08 Ma, 
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ABSTRACT—Boreholes drilled for groundwater characterization at Los Alamos National Laboratory (LANL) encountered four 
petrographically and chemically distinct dacite lavas beneath the Pajarito Plateau. Coarsely porphyritic lavas with 17-38% 
phenocrysts (42-74% plagioclase, up to 28% pyroxene, 15-43% amphibole) and 64.9-66.3% SiO2 occur in boreholes in the 
southwest part of LANL. Modal mineralogy and chemistry links these lavas to Cerro Grande, a Sierra de los Valles dacite 
dome west of the study area. Boreholes in the west-central part of LANL encountered a thin dacite lava with 22% phenocrysts 
(81-83% plagioclase, 12-15% pyroxene, and 1% relict amphibole) and relatively high SiO2 (67.4%) overlying equally thin 
basaltic lavas of the Cerros del Rio volcanic field. Boreholes in the northern part of LANL encountered thicker fine-grained 
dacitic lava with 2-5% phenocrysts (up to 35% plagioclase, 61-88% pyroxene, absent or minor amphibole) and relatively low 
SiO2 (~63.5%). One borehole in the east-central part of LANL encountered a sequence of three crystal-poor (4-6% pheno-
crysts) dacite lavas, with ~66% SiO2, 4-6% resorbed quartz and trace amounts of resorbed olivine, intercalated with basalt. 
Pajarito Plateau dacite lavas erupted over a relatively short time interval (2.3-3.6 Ma) during which both the Jemez Mountains 
and Cerros del Rio volcanic fields were active. The southwestern group of dacites probably represents a thick lobe of Cerro 
Grande lava that flowed ~3.5 km eastward into the subsiding Española Basin. Other plateau dacites, which do not correlate with 
dacites exposed in the Sierra de los Valles, probably represent local eruptions within the western part of the basin. Thickness 
variations and spatial distribution indicate the northern group of dacites probably erupted from a buried vent near the Pajarito 
fault zone. The dacites encountered in the west-central and eastern parts of LANL represent minor pulses of dacite volcanism 
in areas dominated by basaltic volcanism of the Cerros del Rio volcanic field. The Pajarito Plateau dacites overlap spatially 
and temporally with intermediate volcanic rocks in the eastern part of the Jemez volcanic field and with mafic volcanic rocks 
in the western part of the Cerros del Rio volcanic field. The distinctive compositional and petrographic characteristics of the 
Plateau dacites probably reflect a transitional style of magmatism that developed in the narrow region between these adjacent, 
concurrently active volcanic fields.
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FIGURE 1. Location map. A. Index map (modified from Gardner and Goff, 1984) shows the location of the Pajarito Plateau in relation to the Rio 
Grande rift. B. Location map (modified from Smith et al., 1970) shows the Pajarito Plateau, the Cerros del Rio volcanic field, and the Valles caldera and 
Sierra de los Valles of the Jemez Mountains volcanic field. The Sierra de los Valles are made of Tschicoma Formation dacite lavas. The Cerros del Rio 
volcanic field is mostly mafic in composition with minor andesite to dacite lavas. C. Map of the study area. Los Alamos National Laboratory is shown 
as the gray area. See legend for borehole and well symbols. Cross section A-A’ is included as Figure 6.


