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  INTRODUCTION

Porphyritc dacitic lavas of the Tschicoma Formation of the 
Polvadera Group  erupted primarily as large, overlapping flow 
and dome complexes typified by the extensive exposures of this 
formation in the highlands of the Sierra de los Valles west of the 
Pajarito fault zone (Fig. 1). Previously published  ages for lavas of 
the Tschicoma Formation range from 2.96 ± 0.27 to 6.9 ± 0.2 Ma 
(Dalrymple et al., 1967; Luedke and Smith, 1978; Gardner et al., 
1986; Goff and Gardner, 2004), but the main volume of volcanic 
rocks apparently erupted between 3 and 5 Ma (Goff and Gardner, 
2004). Smith (1938) first mapped these rocks as the Chicoma vol-
canic formation in the Abiquiu quadrangle, presumably naming 
them for the high peak composed of these rocks called Tschicoma 
Mountain on modern topographic maps (Griggs, 1964). Griggs 
renamed these rocks the Tschicoma Formation and identified two 
mappable units: an older unit composed of latite and quartz latite 
and a younger unit composed of pyroxene andesite. The quartz 
latite of the older unit is equivalent to the Rhyodacite of Rendija 
Canyon of this paper and the latite encompasses the dacites of 
Sawyer Dome, Cerro Grande, Pajarito Mountain, and Caballo 
Mountain. The younger pyroxene andesite was mapped in a small 
area north of Quemazon Canyon and is probably correlative with 
the phenocryst-poor (<5%) dacite exposed along Pipeline Road 
that yielded a Cerro Toledo Rhyolite age (1.50 ± 0.13 Ma), as 
described in this paper. 

Bailey et al. (1969) placed the Tschicoma Formation within 
the Polvadera Group that includes, from oldest to youngest, the 
Lobato Basalt, Tschicoma Formation, and El Rechuelos Rhyolite. 
The Polvadera Group was believed to be younger than the Keres 
Group and overlapped it to the south (see Goff and Gardner, 2004 
for further discussion). Smith et al. (1970) showed the Tschicoma 
Formation as an undivided unit that is widely distributed through-
out the eastern and northern part of the Jemez Mountains on their 
geologic map of the Jemez volcanic field. Additional Tschicoma 
Formation almost certainly foundered into the Valles caldera 
where it is now buried by Bandelier Tuff and post-Bandelier cal-
dera fill.  

The individual lavas making up the Tschicoma Formation 
in the central and southern Sierra de los Valles and their source 
dome complexes were first described as part of a field guidebook 
for the Jemez volcanic field (Goff et al., 1989, Day 2, Stop 4).  
These descriptions included summaries of the chemical and petro-
graphic characteristics for each of the major dome complexes. 
The STATEMAP program is currently mapping the geology of 
the Jemez volcanic field at a scale of 1:24,000. Preliminary geo-
logic maps for the Guaje Mountain (Kempter and Kelley, 2002), 
Bland (Goff et al., 2005), and Valle Toledo (Gardner et al, 2006) 
7.5-minute quadrangles are now available. These maps and their 
accompanying text describe the distribution of units of the Tschi-
coma Formation discussed in this paper and provide information 
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ABSTRACT — The Tschicoma Formation in the central and southern Sierra de los Valles is composed of thick sequences of silicic 
to intermediate lavas and subordinate tuffs that erupted from overlapping dome and flow complexes over a period of about 
2.5 m.y. during the Pliocene. The chemical and petrographic characteristics of the individual dome complexes are discussed in 
detail, and are sufficiently distinct that the lavas can be readily distinguished from one another. A south to north description of 
the dome complexes is as follows.  The Dacite of Sawyer Dome contains 32-34% phenocrysts of plagioclase, hornblende, and 
orthopyroxene, and two 40Ar/39Ar ages range from 3.18 to 3.67 Ma. The Dacite of Cerro Grande contains about 21% pheno-
crysts of plagioclase, hornblende, orthopyroxene, and subordinate clinopyroxene; three 40Ar/39Ar ages range from 2.88 to 3.35 
Ma. The Dacite of Pajarito Mountain is divided into a lower and upper series of lavas. The lower series is a two-pyroxene dacite 
characterized by 10.3-16.4% phenocrysts of plagioclase and subequal orthopyroxene and clinopyroxene, whereas the upper 
series contains 23-24% phenocrysts of plagioclase, orthopyroxene, and subordinate clinopyroxene, and the lava chemistry is 
slightly more silicic. Two samples from the upper series lavas produced 40Ar/39Ar ages of 2.93 and 3.09 Ma. The Rhyodacite of 
Rendija Canyon contains 11-16% phenocrysts consisting of quartz and plagioclase, subordinate sanidine and anorthoclase, and 
low (<0.5%) amounts of biotite ± clinopyroxene ± hornblende. It is predominantly a low-silica rhyolite with 40Ar/39Ar ages of 
4.98 and 5.04 Ma. A sample of high-silica rhyolite from a small ash-flow tuff near the base of the sequence yielded an 40Ar/39Ar 
age of 5.36 Ma. The Dacite of Caballo Mountain consists of two main parts. The summit area of Caballo Mountain is underlain 
by dacite containing about 2% phenocrysts consisting of subequal plagioclase and hornblende, subordinate clinopyroxene, and 
trace quartz and orthopyroxene. These relatively crystal-poor lavas overlie lavas that contain up to 24% phenocrysts consisting 
of plagioclase, hornblende, subordinate quartz and biotite, and minor to trace sanidine, orthopyroxene, and clinopyroxene. The 
crystal-poor summit dacite yielded an 40Ar/39Ar age of 3.06 Ma and the crystal-rich dacite returned an 40Ar/39Ar age of 4.66 Ma. 
After about 2.88 Ma, Tschicoma volcanism in the Sierra de los Valles died out and intermediate volcanism shifted eastwards to 
the western Española basin where several small-volume dacite lavas erupted between 2.36 and 2.74 Ma.
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about their field relationships, outcrop characteristics, and ages. 
The names for geologic units used in this paper are the same as 
those used on these maps.

This paper also presents information relevant to understand-
ing the depositional history of the Pliocene Puye Formation. 
The Puye Formation is a large apron of overlapping alluvial and 
pyroclastic fans shed eastward from the Jemez volcanic field into 
the western Española basin (Smith, 1938; Griggs, 1964; Bailey 
et al., 1969; Turbeville et al., 1989; Waresback and Turbeville, 
1990). Because its primary source area was volcanic domes in 
the Sierra de los Valles, the Puye Formation overlaps and post-
dates the Tschicoma Formation in age. Turbeville et al. (1989) 
estimated its areal distribution at 518 km2 and its volume at ~15 
km3. The formation reaches a maximum thickness of >330 m in 
well R-25 on the western side of the Pajarito Plateau (Broxton et 
al., 2002). Its thickness in the central and eastern parts of the pla-
teau is ~200 m where the upper part contains interbedded basaltic 
lavas of the Cerros del Rio volcanic field.

This paper describes the chemistry, petrography, mineral 
chemistry, and ages of eruptive centers of the Tschicoma For-
mation in the central and southern Sierra de los Valles between 
Sawyer Dome on the south and Caballo Mountain on the north 
(Fig. 1). The centers of Tschicoma Mountain, Polvadera Peak, 
and others in the northern Jemez Mountains are not discussed 
here. The data presented contribute to understanding the spatial 
and temporal trends in volcanism and tectonism in the Jemez 
volcanic field during the Pliocene, and they provide information 
about the timing, composition, and distribution of source areas 
that provided detritus to the Puye Formation. Ages and their sup-
porting analytical data are also presented for tephras interbedded 
within the Puye Formation; these tephras are useful time-strati-
graphic markers for understanding the internal structure and sedi-
ment accumulation rates for these fan deposits. Finally, ages are 
presented for small-volume dacites erupted in the western part of 
the Española basin to determine their temporal relationship to the 
Tschicoma Formation. 

FIGURE 1.  Location map showing the distribution of the major Tschicoma volcanic centers in the central and southern Sierra de los Valles. Age dates 
are from this paper except for those for Cerro Rubio (from Heiken et al., 1986).
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METHODS 

Samples of Tschicoma lavas and tuffs were collected from 
outcrops in the Sierra de los Valles. Vitrophyres of lavas were 
sampled where possible, but most samples represent devitrified 
lava interiors. Vitric tuffs were sampled in Guaje Canyon. Plio-
cene lavas and tephras from the Pajarito Plateau were sampled 
from borehole core and cuttings.

Major and trace elements for 38 samples were analyzed using 
an automated Rigaku wavelength-dispersive X-ray fluorescence 
(XRF) spectrometer.  Samples were first crushed and homoge-
nized in 5-10 g portions in a tungsten-carbide ballmill.  Sample 
splits were heated at 110°C for 4 hrs, and then allowed to equili-
brate at ambient laboratory conditions for 12 hrs.  To obtain fusion 
disks, one-gram splits were mixed with 9 g of lithium tetraborate 
flux and heated in a muffle furnace for 45 minutes at 1100°C. 
Elemental concentrations were calculated by comparing X-ray 
intensities for the samples to those for standard BCR-1.  Intensi-
ties were reduced using a fundamental parameters program for 
matrix corrections software by Criss (1979). 

The abundances of 33 major, minor and trace elements, 
including 11 rare-earth elements (REE), were determined on the 
samples by instrumental neutron activation analysis (INAA).  
About 1.0 g samples were irradiated in the USGS-TRIGA reac-
tor at a flux of 2.5x1012 n/cm2/sec for eight hours.  Three sequen-
tial counts at 7 days, 14 days, and 65 days after the irradiation 
were made on both coaxial and planar germanium detectors.  A 
summary of the INAA procedure used at the USGS is given in 
Budahn and Wandless (2002).  Precision and accuracy for most 
of the elements determined (including La, Yb, Hf, Rb, Th, and 
U) range from 1 to 5%.  Only five elements have precision 
errors of greater than 10% (including Ho, Tm, and Sb) based on 
counting statistic errors.  Accuracy is based on replicate analy-
sis of USGS standard reference materials, including BHVO-1. 
Because of their high precision and overlap with XRF trace ele-
ments, only the more extensive NAA trace element data are used 
in this paper.

Phenocryst compositions were determined using a Cameca 
SX50 electron microprobe, equipped with four wavelength dis-
persive spectrometers (WDS).  Quantitative WDS analyses were 
obtained at 15 kV accelerating voltage and 15 nA beam current.  
All analyses were obtained with a 5 µm beam diameter.  Calibra-
tions of all analyzed elements at the same analytical conditions 
were carried out on natural and glass standards.

Phenocryst volume percentages were primarily determined by 
standard modal point counts. For lavas of Caballo Mountain, the 
makeup of the phenocryst population was first determined using 
standard transmitted- and reflected-light petrographic techniques. 
Then, thin sections were captured as digital images on a high-
resolution scanner, and felsic and mafic phenocryst abundances 
were determined by image analysis performed on a computer 
using the public domain NIH Image program (developed at the 
U.S. National Institutes of Health and available on the internet at: 
<http://rsb.info.nih.gov/nih-image/> . Abundances of individual 
felsic and mafic phases were determined by tallying the areas of 
subordinate phenocryst types and then subtracting their area from 

the felsic or mafic totals. A comparison of mineral abundances by 
standard point counts and image analysis agreed within 10%.

Selected samples were dated by the 40Ar/39Ar method at the 
New Mexico Geochronology Laboratory in Socorro.  Sample 
preparation and irradiation, instrumentation, and analytical 
parameters are described in Table 1.  Procedures for gas extrac-
tion and mass spectrometer follow those outlined in McIntosh 
and Cather (1994). Step heating and isochron diagrams are avail-
able in Broxton et al. (2007). 

RESULTS

In this section we describe chemical, petrographic, and age char-
acteristics of the Tschicoma lavas in the Sierra de los Valles. Unit 
descriptions are organized around the principal eruptive centers, 
described from south to north (Fig. 1). Representative chemical 
analyses (Table 2) are recast on a volatile-free basis in the follow-
ing sections. Table 3 presents representative petrographic data for 
these rocks, and Table 4 relates the 40Ar/39Ar results to lavas of the 
Tschicoma Formation in the Sierra de los Valles and to subsurface 
Pliocene tephras and dacite lavas of the Pajarito Plateau. Complete 
chemical, microprobe, petrographic, and 40Ar/39Ar data for all sam-
ples collected as part of this study are available upon request from 
the lead author and most can be accessed in the database of Warren 
et al. (2005). We present an alkali-silica plot showing the classifica-
tion of rock types (Fig. 2), bivariate plots comparing selected major 
and trace elements (Fig. 3), and chondrite-normalized plots of rare-
earth elements (Fig. 4). A single analysis of the Dacite of Cerro 
Rubio (in Figs. 3, 4) is included for comparison to rocks described 
in this paper. Cerro Rubio is a dome and intrusive complex of the 
Tschicoma Formation located west of Caballo Mountain (Fig.1) 
that is described by Griggs (1964) and Goff and Gardner (2004). 

FIGURE 2.  Alkali-silica diagram for samples of Tschicoma Formation 
from the Sierra de los Valles. Samples of trachyandesite and trachyte 
are part of the Paliza Canyon Formation. Rock classifications follow the 
IUGS usage of Le Bas et al. (1986). Analyses are plotted on a volatile-
free basis.


