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Geologic Map of the Mount Taylor  
Volcano Area, New Mexico

Looking WSW from near the east edge of the map area across Laguna Bandeja maar toward Mount Taylor volcano: CP = Cerro Pelón area 
trachybasalt flows and cones, LM = La Mosca trachydacite, and SP = Spud Patch trachydacite dome and flow complex. Ridge line east (left) of La 
Mosca is composed of many unnamed domes and flows of trachydacite and trachyandesite. Hills in the middle foreground are various unnamed 
trachybasalt scoria cones on southern Mesa Chivato.
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FIGURE 1. Map showing location of Mount Taylor with respect to other volcanic fields of the Jemez lineament and to basins of the Rio Grande rift 
(modified from Goff and Gardner, 2004, fig. 1). 
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Introduction
This map is a 1:36,000 compilation of six recently published 
1:24,000 quadrangles (2008–2014) that encompass Mount 
Taylor and surrounding mesas and basins (Cover photo, 
Figs. 1 and 2). Our final field checking, edge matching, and 
sampling for this map resulted in the presentation of more 
geologic details than depicted on the earlier maps. Mount 
Taylor is an extinct composite volcano and is New Mexico’s 
second largest volcano after the Valles caldera and Jemez 
Mountains (e.g., Price, 2010, p. 51). The volcano is part of a 
northeast-trending volcanic field that includes Mesa Chivato 
and comprises one of many volcanic fields along the Jemez 
volcanic lineament (Mayo, 1958). Mount Taylor forms a 
conspicuous topographic feature roughly 20 km northeast 
of Grants. The peak is named in honor of President Zachary 
Taylor, a major general who became U.S. president in March 
1849 and died prematurely in office in July 1850 (Simpson, 
1850). The volcano and surroundings were inhabited by 
pre-Columbian Indian cultures (Paleo-Indian, Archaic, and 
ancestral Puebloan, Fig. 3a) and the region is sacred to at least 
four Native American tribes who have inhabited the region, 
some for many centuries (Acoma, Laguna, Navajo and Zuni, 

e.g., http://www.manataka.org/page2469.html). The Mount 
Taylor region was well known to early Spanish explorers 
who entered the region after the mid-1500s. The oldest 
Spanish settlement in the map area is Seboyeta established 
in 1746 (http://voiceofthesouthwest.org/2014/04/23/a-history-
of-the-old-mining-missions-in-cibola-county-nm). Around 1820 
Mexican settlers came and American settlers arrived after 1848 
(Fig. 3b; see Appendix 1 for English translations of Spanish 
words). All inhabitants left an indelible mark on the landscape.

Many researchers have studied volcanic rocks at Mount 
Taylor. Dutton (1885) wrote the first accurate description 
of these rocks and provided a rough geologic map. Johnson 
(1907) first described the volcanic necks east of Mesa Chivato. 
Hunt (1938) published a detailed discussion of the geology 
and structure of the Mount Taylor “volcanic field,” and 
published a generalized color geologic map of the volcano 
and surroundings (1 inch = 2 miles). Coal, uranium, perlite, 
and geothermal investigations since the 1950s resulted in 
several more geologic maps covering various parts of Mount 
Taylor volcano (Moench, 1963; Santos, 1966; Chapman et 
al., 1974; Lipman et al., 1979; Dillinger, 1990), but except 
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FIGURE 2. Map of Mount Taylor volcano area showing simplified geology and the locations of six recently completed 1:24,000 quadrangles:  
CP=Cerro Pelón (Goff et al., 2012), LC=Laguna Cañoneros (Goff et al., 2014a), LS=Lobo Springs (Goff et al., 2008), MT=Mount Taylor (Osburn  
et al., 2010), S=Seboyeta (Skotnicki et al., 2012), and SM=San Mateo (McCraw et al., 2009). 

for the map by Lipman et al., the volcanic rocks are highly 
generalized. Several reports have provided modern petrologic 
evaluations, chemical and limited isotopic analyses and/
or radiometric dates of Mount Taylor rocks: Hunt (1938), 
Bassett et al. (1963), Kerr and Wilcox (1963), Baker and 
Ridley (1970), Lipman and Moench (1972), Lipman and 
Menhert (1979), Crumpler (1980a, 1980b, 1982), Perry  
et al. (1990), Laughlin et al. (1993) and Hallett et al. (1997). 
Perry et al. also include a magmatic model based on chemical 
and isotope results and a geologic map of the Mount Taylor 
Amphitheater and the southwest flank of the volcano  
(0.8 in = 1 km). The only volcanic rock of economic 
importance, other than local materials for road construction, 
has been minor perlite extraction from the Grants Ridge center 
(Kerr and Wilcox, 1963). However, southern Mesa Chivato  
(“Red Mesa”) now generates electricity from wind (Fig. 3c).

The Mount Taylor region is also well known for the 
Mesozoic rocks exposed in the canyons and valleys around 
the flanks of the volcanic field and for the coal and uranium 
deposits hosted within them (e.g., Schrader, 1906; Shimer 
and Blodgett, 1908, Gardner, 1909; Sears et al., 1941; 
Kelley, 1963; Moench and Schlee, 1967; Santos, 1970). 
Transgressive-regressive cycles of marine sedimentation are 
superbly expressed in Upper Cretaceous rocks beneath the 
volcano (Sears et al., 1941; Molenaar, 1974; Owen and Owen, 
2003). Coal was mined west of Horace Mesa until the 1960s 
and is still extracted from several mines in the Ambrosia Lake 
district about 15 km northwest of San Mateo. Until the 1980s, 

the Grants district was the largest uranium producing area in 
the United States and probably 4th worldwide (Kelley, 1963; 
Chapman et al., 1974; Reise, 1977, 1980; McLemore et al., 
1986; 2013; McLemore, 2011). Several hundred boreholes 
were drilled by mining companies through volcanic rocks 
north of Mount Taylor to trace uranium-bearing Jurassic 
strata between large mines on the volcano flanks at San Mateo 
and Laguna Pueblo. Thus, this geologic map can be used to 
advance research in Mesozoic stratigraphy, geohydrology, 
coal/uranium extraction, and seismic hazards, although the 
primary focus of our work has been the evolution of Mount 
Taylor volcano and surrounding volcanic centers.

Appendices 1, 2, and 3 are included with this report; 
Appendices 2 and 3 are available in digital form in repository 
https://geoinfo.nmt.edu/repository/index.cfml?rid=20190001.

Physical Setting and Access
Mount Taylor summit is located 20 km northeast of the small 
city of Grants (population about 9,200 in 2016) in west-
central New Mexico (Fig. 2). The volcano forms a broad 
conical highland (Cover photo) cresting at an elevation of 
3,445 m (11,301 ft) and is surrounded by several lava-capped 
mesas at elevations of roughly 2,440 m (8,000 ft). Lowest 
elevations are located along the Río Paguate at 1,838 m (6,030 
ft) near the southeast corner of the map. Ponderosa pine, blue 
spruce, white pine, and aspen forest characterize the higher 
elevations, which can receive several meters of snow in winter. 
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Piñon-juniper forest, sagebrush, and chamisa (rabbitbrush) 
are most common at lower elevations. Watercourses contain 
cottonwood and sycamore. The mountain areas are home 
to black bear, cougar, and elk, whereas deer, coyote, feral 
horses, and rattlesnakes are more common on the mesas 
and basins. While the regional climate is semi-arid, Mount 
Taylor and Mesa Chivato, however, are classified as boreal 
or warm temperate with high humidity and warm summers. 
Summer monsoons bring thunder, lightning, and bursts of rain 
from late June through August. Average yearly precipitation 
in Grants from weather records is 267 mm/year (10.5 in/year) 
while the Mount Taylor summit and Amphitheater receive more 
than 800–900 mm/year (31–35 in/year; Meyer et al., 2014).

The largest mesa is Mesa Chivato, which extends beyond 
the northeast corner of our map, but other significant mesas 
include La Jara to the west and Horace to the southwest. 
Mesa Chivato can be divided into several smaller mesas herein 
named Seboyetita Mesa, Chupadero Mesa, Silver Dollar Mesa 
and Encinal Mesa. The mesas are flanked or cut by several 
basins and canyons that expose primarily Cretaceous and 
older strata, but which also may expose capping layers of 
lavas and beds of silicic tuffs. The most significant canyon 
flanking the volcano is Water Canyon. It holds the largest 
perennial stream, which drains the eastern end of Mount 
Taylor Amphitheater before turning south. On the west is 
the basin that includes the village of San Mateo and the San 
Mateo (or Mount Taylor) uranium mine. Coal Mine basin 
and Lobo Canyon lie to the southwest between La Jara and 
Horace mesas. Rinconada basin and Rinconada Canyon lie 
to the south-southwest. Several smaller but relatively deep 
canyons such as Seco and Two Mile canyons also drain to the 
south. Encinal, Bear, Paguate, and Seboyeta canyons drain the 
southeast side of the volcanic highland. The only basin to the 
north is San Lucas Valley, which is normally dry.

Access to Mount Taylor volcano is highly variable (Fig. 
4). Much of the west side of the volcano, including Mount 
Taylor summit, “La Mosca,” and the western Amphitheater, 
belong to the Cibola National Forest, Mount Taylor Ranger 
District headquartered in Grants. These lands can be entered 
via paved NM Hwy 547 from Grants, and then traversing 
several Forest Service roads (shown in Fig. 4). However, there 
is a significant portion of southern Horace Mesa that belongs 
to Acoma Pueblo (permission to enter is required). Portions 
of Lobo Canyon are under private ownership, much by 
owners with small land holdings. Portions of the area around  
San Mateo are also privately owned by the Lee Ranch, the 
San Mateo Springs land grant, and the current owner of the 
inactive uranium mine. The most difficult area to access in the 
western Mount Taylor area is the south and southeast rim of 
the Amphitheater because of the lack of roads, steep tree- and 
brush-covered terrain, and long walks to and from convenient 
parking areas.

The eastern side of Mount Taylor volcano and southwestern 
Mesa Chivato are impossible to access without formal 
permission. Laguna Pueblo owns the eastern Amphitheater, 
and adjoining mesas to the south, Water Canyon, Encinal 
Mesa, and Silver Dollar Mesa, which are patrolled by Laguna 
Police. The Elkins Ranch (headquarters in Grants, NM) owns 
a large area of land northeast of the Amphitheater. Areas 
around Seboyeta Canyon are controlled by the Seboyeta 
Land and Cattle Association. The extreme southeastern end 
of Mesa Chivato (informally named Red Mesa) is owned by 
the Lobo Ranch (of Scottsdale, AZ) and is controlled by the  

FIGURE 3a. Pre-Puebloan cliff house ruin hidden within a grotto in Cretaceous 
sandstone, in an unnamed canyon of the Rinconada basin, south of Mount 
Taylor (exact location omitted for archeological reasons).

FIGURE 3b. Casa Fria, an old trading post east of Mount Taylor, was active 
into the early 1900s. The log cabin is located on the north end of Silver Dollar 
Ranch (presently owned by Laguna Pueblo). Cabin location UTM and UTMs for 
other photos are available in Appendix 3 and in digital form in the repository 
(https://geoinfo.nmt.edu/repository/index.cfml?rid=20190001).

FIGURE 3c. The view looks east-southeast across the head of Seboyeta Canyon 
toward “Red Mesa,” an arm of southern Mesa Chivato displaying some of the 
many windmills installed for electric power generation. 

Red Mesa Wind Farm. Most of the northeast side of the 
volcano and Mesa Chivato is owned by the Lee Ranch 
(Fernandez Company of San Mateo). Locked gates and fences 
block entry into these lands.
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FIGURE 4. Land-ownership and cultural map of Mount Taylor and surrounding areas. Ownership of each area is labeled. Green area is predominately 
U.S. Forest Service land. Tan areas are pueblo lands, land grants, ranch lands, Bureau of Land Management, New Mexico State, or other private lands. 
Boundaries are approximate. 
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Mount Taylor volcano is one of many Miocene to 
Quaternary volcanic fields that have been emplaced along 
the northeast-trending Jemez volcanic lineament (JVL,  
Fig. 1; Mayo, 1958; Laughlin et al., 1982; Luedke and Smith, 
1978; Smith and Luedke, 1984). Mount Taylor also lies in a 
transition zone of extension between the Colorado Plateau 
to the northwest and the Rio Grande rift (RGR) to the east 
(Olsen et al., 1979; 1987; Thompson and Zoback, 1979; 
Aldrich and Laughlin, 1984). A recent interpretation of 3D 
seismic structure beneath the RGR to a depth of 200 km (Sosa 
et al., 2014) suggests that the transition zone is a broad low-
velocity region and that an upwelling, broad, sheet or linear 
bulge of hot mantle material underlies the JVL. This sheet has 
probably fed the volcanic centers along the lineament including 
Mount Taylor and Mesa Chivato. Presence of an upwelling 
zone along the JVL during the last 4 Myr is supported by the 
incision and denudation history of the Río San Jose just south 
of our map area (Channer et al., 2015).

Mount Taylor overlies the southeast margin of the 
Laramide-age San Juan Basin and the western flank of the 
northeast-striking McCarty syncline of Hunt (1938). An 
east-dipping monoclinal ridge along the northwest edge of 
the map marks the western edge of the McCarty syncline 
(Goff et al., 2008; McCraw et al., 2009). The effect of this 
monoclinal ridge is to drop the Mesozoic rocks a thousand 
meters or more beneath Mount Taylor and southwest Mesa 
Chivato. Several low amplitude folds that strike northwest to 
northeast in the Lobo Canyon area are superimposed on the 
large-scale synclinal structure (Dillinger, 1990). These folds 
do not affect the overlying volcanic rocks and are presumably 
Laramide in age. 

Major formations of Cretaceous rocks interfinger with 
each other and pinch out at various locations (see Fig. 5a and 
rock descriptions). The upper Cretaceous section (Figs. 5a,  
6 and 7) is a regressive sequence, recording a gradual transition 
from open marine conditions (Mancos Shale) to marginal 
marine environments (Gallup Sandstone, Stray and Dalton 
Sandstone members of the Crevasse Canyon Formation) 
to deltaic settings (Dilco and Gibson Coal members of the  

Crevasse Canyon Formation). The Mancos Shale is interbedded 
with the Gallup Sandstone, the Crevasse Canyon Formation, 
and the Mesaverde Group. The Point Lookout Sandstone 
(Hosta Tongue), exposed in the southeast and northwest parts 
of the map, was deposited during a marine transgression. 
The Satan Tongue of the Mancos Formation overlies the 
Point Lookout and underlies a variety of lava flows capping 
southwest Mesa Chivato. Photographs of the Cretaceous 
rocks are presented in several of our recent quadrangle maps 
(Goff et al., 2008, 2012; McCraw et al., 2009; Skotnicki et 
al., 2012). The report by Skotnicki et al. (2012, p. 54–68) 
contains 21 measured sections of Cretaceous strata from the 
Satan Tongue down to the Dakota Sandstone and a diagram 
correlating the sections. 

The upper Cretaceous sequence in the Mount Taylor region 
was folded, uplifted, and eroded in early- to mid-Cenozoic time 
forming part of the greater Colorado Plateau. Cretaceous rocks 
were partially eroded during a period of base level stability 
and pedimentation in west-central New Mexico that lasted 
from approximately 4 to 2.5 Ma. Mount Taylor volcanics 
erupted onto this pediment surface. Bryan and McCann (1938) 
suggested that the erosion surface underlying Mount Taylor 
was correlative with the Ortiz surface located in the Rio Grande 
rift. Beginning in the early Pliocene (roughly 3.8 Ma), volcanism 
ensued in the region, filling shallow valleys and a few ravines. 
Eventually, a composite intermediate composition stratovolcano 
formed at Mount Taylor flanked by mesas covered with basaltic 
lavas and scoria cones. This volcanism more or less ceased at 
about 1.25 Ma.

The Plio-Pleistocene transition (about 2.50 Ma) was a 
period of rapid erosion through the mesas flanking Mount 
Taylor (Lipman and Mehnert, 1979), in part due to a wetter 
climate (Zachos et al., 2001). For example, Love and Connell 
(2005) have documented about 250 m of downcutting between 
2.93 and 2.39 Ma in the Rio San Jose drainage system south 
of Mount Taylor. Using these measured values translates to 
an erosion rate of 460 m per million years. Between 2.39 Ma 
and 170 ka, the erosion rate slowed to an average of 68 m per 
million years.

Classification and Petrology of Volcanic Rocks
Previous work

Mount Taylor volcanic rocks have been given many names, 
particularly the intermediate composition rocks. Hunt (1938) 
recognized that Mount Taylor rocks are alkalic (relatively rich 
in Na2O + K2O) and used the terms olivine basalt, porphyritic 
andesite, porphyritic trachyte and latite, and rhyolite (tuffs 
and lava). Hunt presented five chemical analyses of poorly 
located samples collected and analyzed around the turn of 
the previous century (Clark, 1910). In modern terminology  
(Le Bas et al., 1986), one analysis is of basalt, one is of 
trachybasalt (hawaiite), and three are of trachydacite 
composition.

Baker and Ridley (1970) wrote a later report on magmatic 
origins of Mount Taylor volcanic products but used the 
following terms: basalt, basaltic andesite, andesite, dacite, 
and rhyolite. They called Mount Taylor volcanic rocks “calc-
alkaline,” which in modern terminology they are not, and 
failed to reference Hunt (1938). These authors recognized 

that a few of the early mafic lavas are basanite and noticed 
the fairly conspicuous “big feldspar” basalts (more recently 
called “plagioclase” basalts) within the volcano. However, 
their chemical analyses (Baker and Ridley, 1970, table 1) are 
averages of petrologic rock types, suitable for generalizations 
on magma genesis, but not suitable for mapping purposes.

Lipman and Moench (1972) studied basaltic rocks mostly in 
the southern portions of the Mount Taylor volcano area. They 
broke the basalts into four groups: Early basalts or basanites 
(similar to Baker and Ridley), basalts of high mesas, basalts 
of low mesas, and late basalts. This later group corresponds 
with mafic lavas south of Grants and near Laguna Pueblo (i.e.  
El Malpais) and does not appear on our geologic map. Analyses 
of rocks in the first three groups (Lipman and Moench, 1972, 
table 1) are of high quality and useful for mapping purposes. 
Later on, Lipman and Mehnert (1979) used the new terms 
lower basalt for early basalt, and upper basalt for basalts of 
high mesas. The latter unit is loosely equivalent to unit QTub 
on our geologic map (Fig. 5b; pages 8 and 9).

Geologic Background



7

FIGURE 5a. Correlation of Mesozoic bedrock map units beneath Mount Taylor volcano and surrounding areas.

FIGURE 6. Cretaceous rocks exposed on the west wall of Rinconada Canyon near the south edge of the map; Kgu—upper Gallup Sandstone, Km—
Mancos Shale, Kgm—Main body, Gallup Sandstone, Kcdc—Dilco Coal Member, Kcs—Stray Sandstone (a distinct doublet sandstone), Kmm—Mulatto 
Member, Mancos Shale, Kcd—Dalton Sandstone, Kcg—Gibson Coal Member, Tgrt—Grants Ridge rhyolite tuff (≈3.3 Ma), Tgi—monzodiorite plug, and 
Totb—older trachybasalt lava.
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FIGURE 5b. Correlation of surficial and volcanic map units on Mount Taylor volcano and surrounding areas (also on the map). Black squares denote 
dated units; where known, unit magnetic polarity, denoted as N for normal and R for reverse.
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FIGURE 7. The view looks north at the west side of Guadalupe Canyon in the Rinconada basin toward Horace Mesa; Kmm—Mulatto Member, Mancos 
Shale, Kcd—Dalton Sandstone, Kcg—Gibson Coal Member, a mixture of mudstone, siltstone, sandstone, and some coal (one coal horizon shown), 
Tbaw—west olivine basanite (3.64 Ma), Tgrt—Grants Ridge rhyolite tuff (≈3.3 Ma), QTvs—volcaniclastic sediments interlayered with various Mount 
Taylor tuffs, Qatb—aphyric trachybasalt (1.80 Ma). 

FIGURE 8. Total alkali-silica diagram of Le Bas et al. (1986) with chemical 
analyses of Mount Taylor region volcanic rocks (small gray circles) published 
by Fellah (2011). Plug=c.a. 2.55 Ma intrusion within the Mount Taylor 
Amphitheater, Plag-phyric basalts=“plagioclase or big feldspar basalts” 
described by previous researchers; Tuff=rhyolitic fall deposit (3.08 Ma) on 
cliff east of La Mosca Canyon south of San Mateo. 
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Crumpler (1980a, 1980b) worked on Mesa Chivato rocks 
immediately northeast of our map area, noting their distinctive 
alkalic chemistry and calling them an alkali basalt through 
trachyte suite. He also compared chemical compositions of 
Mount Taylor rocks to many alkalic rocks at Hawaii. His 
analyses (Crumpler, 1980b, table 3) are useful for correlating 
units across the northeast edge of our map.

The most comprehensive geochemical and petrologic study 
of Mount Taylor proper was published by Perry et al. (1990). 
These authors also recognized the alkalic chemistry of the 
rocks but used the older terms—basanite—hawaiite—latite— 
quartz latite—rhyolite as per Irvine and Baragar (1971). Rock 
chemistry presented by Perry et al. (1990, table 2) is very useful 
for identifying and correlating units on our geologic map.

Present study
Most volcanic rocks in the Mount Taylor area are truly alkalic 
(Fellah et al., 2009; Fellah, 2011; Fig. 8), not calc-alkalic. For 
our map, we use the internationally accepted classification 
scheme of Le Bas et al. (1986), previously published chemical 
analyses, and our chemical analyses (Appendix 2) to rename 
and categorize the volcanic units. Thus, most alkali basalts 
(hawaiites) are called trachybasalts, basaltic andesites 
(muegerites) are called basaltic trachyandesites, andesites 
(latites) are called trachyandesites, and quartz latites are 
called trachydacite. The only volcanic rocks with no name 
changes are rhyolites and basanites, although we reserve the 
name trachyte for a few exceptionally alkali-rich trachydacitic 
rocks. We also note that many of the Mount Taylor mafic 
rocks are “true” basalts using the classification scheme of 
Le Bas et al. (1986) in that they have ≤5.00 wt% Na2O + 
K2O and 45–52 wt% SiO2 normalized to 100% on a loss-
on-ignition (LOI) free basis. Mineralogically, the phenocrysts 
in Mount Taylor products (Table 1) are similar to those in 
alkali-rich volcanic terrains erupted in or near continental 
rifts (see figure 11.12 in Wilson, 1989). Augite and plagioclase 
are present in practically all rocks, including most of the 
rhyolites. Hypersthene is present in some of the intermediate 
composition rocks. Hornblende and titaniferous biotite are 
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present in a couple of the trachybasalts. Hornblende and 
biotite are common in the more evolved rocks. Primary quartz 
is only abundant in the rhyolites and a couple of trachydacites. 
Generally, olivine displays minor to severe iddingsite alteration. 
Most of the mafic and intermediate composition rocks contain 
visible apatite microphenocrysts. All rocks generally contain 
Fe-Ti oxides, but we did not attempt to determine relative 
percentages between magnetite and ilmenite.

Three types of textures dominate within the volcanic 
suite. First, all rocks except basanites tend to be porphyritic; 
trachyandesites and trachydacites are commonly highly 
porphyritic with large complexly zoned plagioclase and 
sanidine phenocrysts. Second, the high alkali content of 
most of the magmas, particularly Na, causes the growth 
of abundant groundmass plagioclase aligned during post-
eruptive flow. In thin section, most of the trachybasalts and 
intermediate composition rocks have pronounced pilotaxitic 
or trachytic texture (Williams et al., 1954, p. 23). Freshly 
broken surfaces often display a felty appearance caused by tiny 
aligned feldspar crystals, usually plagioclase. Felty, trachytic 
mafic rocks are often exceptionally hard to break with a rock 
hammer. Felty textures provide a robust means to distinguish 
trachybasalt from true basalt. Third, weathered surfaces of 
many trachybasalts and basanites show faint to prominent, 
white to pale gray spotting (or small “eyes”) caused by the 
growth of ocellar plagioclase and/or analcime (Williams et al., 
1954, p. 24). Ocellar analcime is found only in basanites (see 
Lipman and Moench, 1972). The spots are usually 1–2 mm 
in diameter.

Some obsidian has formed in the rhyolites, particularly on 
the northeast side of the Grants Ridge rhyolite center. Obsidian 
lithic fragments are also abundant in the upper ignimbrite of 
the Grants Ridge tuff. Consequently, artifacts are common 
on mesa top edges underlain by the tuff, primarily Horace 
and La Jara mesas (see also Shackley, 1998). We found scant 
spherulitic obsidian in the west rhyolite within the Mount 
Taylor Amphitheater. Occasional outcrops of black glassy rock 
are found within some of the trachydacite dikes in the central 
part of the Amphitheater. This material is easily confused with 

TABLE 1. Phenocryst mineralogy of volcanic rocks, Mount Taylor volcano area, New Mexico.

Mineral

Olivine
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Augite

Hypersthene

Hornblende

Biotite
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rhyolitic obsidian and can only be distinguished as trachydacite 
by thin section and chemistry.

Fused Grants Ridge tuff was identified at the margins 
of three mafic intrusions. The most spectacular outcrop is 
adjacent to the southeast margin of the Horace Mesa dike 
(Goff et al., 2013a, fig. 5B) where thin selvages (2–5 cm thick) 
of gray to black glassy tuff have been fused by intruding 
trachybasalt (unit Qatd). Additional fused tuff is found next 
to a dike of basalt (Tocd) about 1 km southeast of the Grants 
Ridge rhyolite center, and next to the plug of trachybasalt 
(Tomtb) on the south margin of La Jara Mesa. 

Many intermediate to silicic rocks contain mafic enclaves, 
blobs or clots of mafic magma injected into and quenched 
within an intermediate to silicic host magma (Eichelberger, 
1980; Bacon, 1986; Stimac and Pearce, 1992). Perry et al. 
(1990) noted mafic clots in their Mount Taylor “Type B latites 
and quartz latites.” These enclaves generally have finer-grained 
texture than the enclosing host rock and are sometimes 
highly vesiculated. Typically, they consist of plagioclase and 
hornblende ± augite and biotite. Our chemical analyses (not 
included in Appendix 2) show that the enclaves are usually 
basalt to trachyandesite in composition.

A few of the trachybasalts and basalts also contain 
peridotite, dunite, norite, troctolite, anorthoclase, and/or rare 
crustal xenoliths. Peridotite (spinel lherzolite) xenoliths were 
noted by Perry et al. (1990) in some Mount Taylor “nepheline 
normative hawaiites.” Baldridge et al. (1996) mentioned spinel 
lherzolite xenoliths in a trachybasalt west of Mount Taylor 
(our unit Qyxtb). This lava and the peridotite xenoliths were 
further described by Goff and Goff (2013), and the gabbroic 
xenoliths in several other lavas were documented by Goff et 
al. (2013b). Many of the mafic lavas contain quartz xenocrysts 
with or without clinopyroxene reaction rims (Iddings, 1888; 
Nicholls et al., 1971) and they are particularly common in a 
group of younger trachybasalts that flank Mount Taylor (our 
unit Qfqtb). Although the quartz was considered primary by 
some early researchers, isotope studies show that the quartz is 
a crustal contaminant (e.g., Baldridge et al., 1996). 
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TABLE 2. Comparison of latest magnetic polarity subchrons from Gee and Kent (2007).

Volcanic History
We obtained 107 40Ar/39Ar dates from the New Mexico 
Geochronology Research Laboratory (New Mexico Tech) for 
the volcanic and intrusive units in the map area, which are 
included with each rock description on the map. All dates from 
samples collected during 2007–2013 quadrangle mapping 
projects used the Fish Canyon Tuff sanidine neutron flux 
interlaboratory monitor (FC-2) with an assigned age of 28.02 
Ma. Fourteen fill-in samples collected in 2014 for the Mount 
Taylor compilation map used FC-2 sanidine with an assigned 
age of 28.201 Ma (Kuiper et al., 2008). We also obtained 
216 major and trace element chemical analyses of volcanic 
rocks using a combination of XRF and ICP-MS methods. Of 
these, 166 samples were analyzed by the GeoAnalytical Lab 
at Washington State University (WSU) of which 154 analyses 
appear in Fellah (2011). J. Wolff (WSU; see Fellah, 2011 for 
analytical methods) provided twelve additional analyses. Fifty 
more samples were analyzed for major and trace element 
chemistry by ALS Minerals in Reno, Nevada (ALS, 2014). A 
selection of 84 analyses that show the chemistry of important 
map units is listed in Appendix 2. Details of the geochronology 
and geochemistry will be presented in another paper.

In addition to providing more refined ages for previously 
dated units and determining the age range of volcanism, the 

new data were used to verify if Mount Taylor volcano began 
with eruption of silicic rocks (trachyte and rhyolite) and ended 
with trachyandesite (porphyritic andesite of Hunt, 1938; latite 
of Perry et al., 1990). Our work shows that this is not the 
case. During our dating campaign, we initially found that the 
trachyandesites were the most difficult rocks to date. Toward 
the end of our study, we dated the groundmass concentrate of 
the trachyandesites rather than potassium-rich minerals such 
as sanidine and biotite.

We also measured the magnetic polarity of many samples 
by handheld (portable) fluxgate magnetometer (all rock 
types) and BruntonTM compass (basaltic rocks only) to help 
constrain our geochronology (Table 2). We used a μMAG™ 
digital magnetometer built by MEDA, Inc. (Dulles, VA). Many 
volcanic rocks at Mount Taylor and southwest Mesa Chivato 
were erupted during the magnetic flip from the Gauss Normal 
Chron to the Matayama Reverse Chron at 2.581 Ma (Gee 
and Kent, 2007, table 3). Unfortunately, our magnetic polarity 
measurements started late in the mapping campaign and many 
hard to access locations were not revisited. Note that our 
map uses the Plio–Pleistocene boundary of about 2.58 Ma 
in accordance with recent international stratigraphic changes 
(Cohen et al., 2013).

Chron Name Age range (Ma)

Brunhes

Matayama

Gauss

Gilbert

The ages are in agreement with the FC-2 monitor age of 28.02 Ma. 

0.000–0.780

0.780–0.990
0.990–1.070
1.070–1.201
1.201–1.211
1.211–1.770
1.770–1.950
1.950–2.140
2.140–2.150
2.150–2.581

2.581–3.040
3.040–3.110
3.110–3.220
3.220–3.330
3.330–3.580

3.580–4.180
4.180–4.290
4.290–4.480
4.480–4.620
4.620–4.800
4.800–4.890
4.890–4.980

Normal polarity
 subchron

Reverse polarity
 subchron

C1n

C1r.1n

C1r.2r-1n

C2n

C2r.1n

C2An.1n

C2An.2n

C2An.3n

C3n.1n

C3n.2n

C3n.3n

C1r.1r

C1r.2r

C1r.2r

C2r.1r

C2r.2r

C2An.1

C2An.2r

C2Ar

C3n.1

C3n.2r

C3n.3r
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Construction of Mount Taylor Volcano
Phase I, the volcano floor (3.72–2.91 Ma)

Phase I volcanism began with the eruption of mesa basanites 
(units Tbae and Tbaw, 3.72–3.64 Ma, respectively) as 
documented by previous workers (Perry et al., 1990). 
Conveniently, Grants Ridge tuff (unit Tgrt, 3.26 and 3.33 Ma, 
discussed later) forms a distinctive white layer that overlies 
mesa basanite in the Horace Mesa and Rinconada Basin 
areas southwest of the volcano. Next came the eruption of a 
trachydacite dome exposed in the bottom of upper Rinconada 
Canyon (unit Tbhtd; not shown schematically in Fig. 9). The 
date for this eruption (3.26±0.20 Ma) has a relatively large 
error but the magnetic polarity is normal, suggesting an age 
<3.22 Ma (Table 2). Following dome emplacement, another 
eruption of basanite occurred (unit Tbaa, 3.22 Ma), as well 
as a younger alkali basalt (unit Toab, 3.21 and 3.16 Ma), now 
exposed in upper Rinconada Canyon and in the bottom of the 
central to eastern Amphitheater. The flow of alkali basalt in 
Rinconada Canyon overlies Grants Ridge tuff, as do several 
older trachybasalt flows (unit Totb) in the Horace Mesa 

area. Within Mount Taylor, a trachyte dome (unit Ttr, 3.14 
Ma) was erupted in what is now the eastern Amphitheater 
followed by emplacement of rhyolite domes and intrusions 
in the western and central Amphitheater (units Trw and Tre, 
3.03 and 2.91 Ma, respectively). Small volume rhyolite and 
trachydacite ignimbrite and fall deposits (units Trt, 3.08 Ma, 
and Twst, ranging from 3.04–2.74 Ma) began to fill early 
paleocanyons and paleoravines, particularly in Water and San 
Mateo canyons, and to cover mesa tops around the volcano 
sporadically (Dunbar et al. 2013; Kelley et al., 2013). Individual 
pyroclastic eruptions are <1 km3 in volume originating from 
dome eruptions. No caldera has been identified at Mount 
Taylor. The sequence of events recorded in Phase I are visible in 
Figs. 7, 10, 11, 12, and 13.

Phase II, the stratovolcano grows (2.90–2.75 Ma)
During phase II, the growing stratovolcano erupted a mixture 
of trachyandesite, trachydacite, and trachyte lavas and domes, 
and associated small volume ignimbrites and tuffs. Two 

Mount Taylor is a very complex stratovolcano composed 
of mafic to silicic domes, flows, intrusions, and minor tuffs  
(Fig. 9; see map). A large east-west-trending erosional 
amphitheater that drains to the east occupies the center of 
the volcano. Our dates indicate that the main edifice was 
built from about 3.2–2.5 Ma, more or less in agreement with 
previous researchers, but different in many details (Lipman 
and Mehnert, 1979; Perry et al., 1990). Thus, construction of 
Mount Taylor volcano was essentially complete by the end of 
the Pliocene, but erosion since that time has decapitated the 
highest points of the original complex. 

Our schematic cross section in Fig. 9 shows the evolution 
of Mount Taylor volcano. Mount Taylor is surrounded by 
and interlayered with mostly basaltic lava flows, scoria cones, 
and a few centers of more silicic composition. Overall, the 
most common mafic rock is trachybasalt (hawaiite). Basanites 
and basalts are most common in the earlier eruptions 

while trachybasalt is highly predominant in later eruptions 
(Appendix 2). The number of mafic flows and concentration 
of scoria cones is focused along the northeast-trending axis of 
Mesa Chivato (Fig. 2). As a result, the thickness of the mafic 
stack is greatest along the axis, and the younger eruptions 
mostly flow to the west-northwest or south-southeast away 
from this linear axis of higher elevation. This characteristic 
is much less pronounced on Horace and La Jara mesas, 
southwest of Mount Taylor. Our dates and those of others 
show that the peripheral volcanism in the Mount Taylor area 
began at about 4.5 Ma (Picacho Peak basanite plug and dikes; 
Hallett, 1994; Hallett et al., 1997) and ended at about 1.25 
Ma (Cerro Pelón trachybasalt cone and flow). Again, this age 
range generally agrees with previous researchers (e.g., Lipman 
and Mehnert, 1979), but the details are considerably different. 
In the discussions that follow, “older” mafic units are those 
with ages >2.50 Ma.

FIGURE 9. Conceptual cross section (not to scale) through Mount Taylor composite volcano showing ages of various units and their relative stratigraphic 
positions. This cross section is based on concepts developed during our recent quadrangle mapping. Dates were obtained from the New Mexico Geochronology 
Research Laboratory at New Mexico Tech except for three dates (in italics): trachybasalt plug at Grants Ridge (Keating et al., 2008); old trachybasalt lava on 
Horace Mesa (Laughlin et al., 1993); and west rhyolite in Amphitheater (Perry et al., 1990). Section is modified from Plate 15 in Zeigler et al. (2013).
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FIGURE 10. The stratigraphy exposed in Bear Canyon, east of Silver Dollar Mesa shows Dalton Sandstone (Kcd) overlain by several lava flows: 1) the east 
olivine basanite (Tbae, 3.72 Ma) overlain by volcaniclastic sandstone mixed with tuffs (Tvss, undated at this location but probably about 3.0 Ma), 2) a 
trachybasalt (Tmotb), 3) a younger, fine-grained augite-phyric trachybasalt (Tfctb, 2.65 Ma), and 4) a quartz-bearing olivine trachybasalt (Qqotb, 2.32 Ma). 
About 10–15 m of volcaniclastic gravels (QTvs) form a layer between flows 3 and 4.

FIGURE 11. The stratigraphy exposed in the east wall of La Mosca Canyon shows Menefee Formation (Kmf) overlain by a thick sequence of pyroclastic fall 
deposits, soils, and small-volume ignimbrites capped by lava. For clarity, the pyroclastic sequence is shown as a single unit (Trt) on the geologic map but 
a detailed section can be found in McCraw et al. (2009, Appendix A; see also Fig. 13 of this report). Tgrt is the Grants Ridge rhyolite fall/surge beds (3.33 
Ma), Trt is a single rhyolite pumice fall (3.08 Ma), Tplta is a coarse-grained plagioclase trachyandesite lava (2.86 Ma).
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FIGURE 12. The stratigraphy exposed in the northeast wall of Mount Taylor 
Amphitheater shows scattered outcrops of Cretaceous sediments (Satan Tongue; 
Hosta Tongue, Point Lookout Sandstone) overlain by Tbaa (olivine basanite, 3.22 
Ma) and intruded by Ttr (trachyte, 3.14 Ma). These early Phase I “floor” eruptions 
are overlain by rhyolitic tuffs (Twst, roughly 2.87 Ma), a thick biotite trachydacite 
(Tbtdl), plagioclase basalt of Water Canyon (Tpbw), “classic” plagioclase basalt 
(Tpb, 2.79 Ma), and a satellite eruption of porphyritic olivine trachyandesite  
(Tpota, 2.67 Ma).

FIGURE 13. Measured sections of pyroclastic rocks exposed northwest and east-
southeast of Mount Taylor volcano. The La Mosca Canyon section is shown in 
Fig. 11. The upper San Mateo Canyon section is a composite that first appeared 
in Goff et al. (2012, fig. 6). The middle Water Canyon section is a composite that 
first appeared in Kelley et al. (2013).
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previously unrecognized trachytes (Tbht and Tcpt; the former 
in Appendix 2) were dated at 2.83 and 2.82 Ma, respectively. 
The latter unit is so porphyritic it weathers like syenite. The 
porphyritic trachyte is overlain by a thick enclave-bearing 
trachydacite (unit Tpetd) dated at 2.81 Ma. Field relations and 
other dates bracket these dome eruptions between 3.0 and 2.78 
Ma. The tuffaceous deposits (e.g., an ignimbrite in unit Ttdt 
dated at 2.79 Ma, Appendix 2) continued to fill in preexisting 
ravines and depressions but are also found in scattered 
outcrops around the volcano interlayered with trachybasalt 
and minor basalt lavas, and with early volcaniclastic rocks 
(unit QTvs) shed off the developing volcano.

The defining units ending Phase II result from eruptions of 
a series of “plagioclase” or “big feldspar” mafic rocks (Figs. 
9, 12 and 14; units Tpb, Tpbs, Tpbw, Tpbm, 2.86–2.75 Ma). 
Although these lavas include trachybasalt as defined in Fig. 8 
on page 10 (“classic” plagioclase basalt, Appendix 2), most 
of the flows are basaltic trachyandesite to trachyandesite. 
The classic varieties are among the latest of this group to 
erupt but these rocks are interlayered within the uppermost 
intermediate flows making up Phase II (e.g., unit Tptd dated at 
2.78 Ma). “Plagioclase basalt” is most common in the central 
and eastern parts of the stratovolcano, in canyons cutting the 
southern flank of the stratovolcano, and on the large bluff of 
volcanic rocks south of San Mateo.

Phase III, the final stratovolcano eruptions  
(2.75–2.50 Ma)

Continued effusion of intermediate composition lavas and 
domes from 2.75–2.50 Ma characterizes volcanic activity for 
Phase III. These eruptions originate in part from a composite 
stock generating radial dikes that developed beneath the 

FIGURE 14. Photograph, with a dime for scale, showing the texture of classic 
“plagioclase or big feldspar basalt,” actually trachybasalt (unit Tpb, Appendix 2). 
Until our mapping project, this widespread unit was never successfully dated. 
A similar sample from the south flank of the Amphitheater yielded an age of 
2.76 Ma.
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FIGURE 15. The view looks to the south at the summit of Mount Taylor in 
October 2008; Thtas and Thta are a stack of hornblende trachyandesite 
flows (2.70–2.73 Ma) that originated from obliterated vents in the western 
Amphitheater (left side of photograph). Tpetd is an extremely porphyritic 
enclave-bearing trachydacite (2.81 Ma). Tbhtd is a lumped unit (undated at 
this location) that forms part of the northwest Amphitheater wall.

FIGURE 16. The view looks to the south-southeast of “La Mosca” in October 
2008; the communication towers stand on biotite trachydacite intrusive (unit 
Tpbti, 2.71 Ma, chemically almost a trachyte, Appendix 2) that fed a large 
flow of similar trachydacite (Tpbtd). These units cut and overlie an earlier 
porphyritic trachyandesite (Tpta, undated at this location). 

Tpbtd

Tpbti

Tpta

central to western Amphitheater. Our new dates and chemical 
analyses show that trachyandesite and trachydacite are 
coeval in time and space. For example, what is now Mount 
Taylor summit (3,445 m, Fig. 15) is built of successive flows 
of trachyandesite (units Thta and Thtas, 2.73–2.70 Ma) 
erupted from a buried or obliterated vent in the westernmost 
Amphitheater. “La Mosca” (3,365 m; Fig. 16) is constructed 
of a small intrusion exposed in the northwest Amphitheater 
wall (unit Tpbti, 2.71 Ma, almost a trachyte; Appendix 2) 
that produced a thick flow of trachydacite (Tpbtd). These 
are presently the two highest peaks of the volcano, but due 
to subsequent erosion, the edifice was perhaps two hundred  
meters or so higher than it is now.

 During this period, eruption of pyroclastic rocks ceased. 
A trachydacite ignimbrite at the head of Lobo Canyon (unit 
Ttdt) previously identified by Lipman and Mehnert (1979) was 
dated at 2.71 Ma. The youngest we found were relatively thin 
trachydacite to alkali rhyolite fall deposits east and northeast 
of the volcano (e.g., unit Trt, 2.70 Ma). A few dome collapse 
breccias (glowing avalanche deposits?) are recorded in the 
larger dome eruptions (i.e., Sugary enclave trachydacite, unit 
Tsetdu), but such deposits appear to be a minor component of 
the volcano. In contrast, rapid erosion of the growing volcano 
formed large aprons and fans of water-transported debris 
flows and other volcanic sediments (unit QTvs) interlayered 
with lava flows. These deposits radiate in all directions away 
from the volcano but are thickest to the east and southeast.

Toward the middle to end of Phase III (2.68–2.53 Ma), a 
series of satellite domes and flows erupted on the margins and 
flanks of the volcano (e.g., unit Tpota, Fig. 12). These eruptions 
are mostly trachydacite (Appendix 2) and match the chemistry 
and age of radial dikes exposed within and on the margins of 
the Amphitheater (Fig. 17). The last magmatic events related 
to the composite stock are: 1) intrusion of a trachydacite 
to alkali rhyolite plug in the southwest Amphitheater (unit 
Tqtd, 2.58–2.54 Ma, Fig. 18); 2) eruption of the Spud Patch 
trachydacite satellite dome on the north flank of the volcano 

FIGURE 17. The view looks north at the “south wall dike,” (Goff et al., 2013a), 
a 1-km-long dike of biotite trachydacite (unit Tbi, 2.69 Ma) cutting older 
trachydacite (Ttdu, undated) on the south flank of the Amphitheater. Some 
dike fins are more than 30 m tall. Note the en echelon behavior of the dike, a 
common characteristic of Mount Taylor radiating dikes.

(unit Tsptd, 2.53 Ma); and 3) emplacement of an enclave-
rich trachyandesite intrusion and flow on the southwest 
margin and flank of the volcano (unit Teta, 2.50 Ma, borderline 
trachydacite, Appendix 2). 

The last three magmatic events have reverse magnetic 
polarity, whereas older Phase III rocks have normal polarity. 
Thus, the youngest magmatism of the stratovolcano captures 
the major change from normal to reverse magnetic polarity at 
2.58 Ma (Gee and Kent, 2007).

Phase IV, terminal mafic volcanism (2.50–1.26 Ma)
Although the formation of the Mount Taylor volcano ceased 
at 2.5 Ma, various mafic flows, cones, and plugs continue 
to erupt afterward. A small, eroded cone and flow of 
basaltic trachyandesite sits just off the north margin of the 
Amphitheater (unit Qbta). Although we did not date this 

Tbhtd

Thta and Thtas

Tpetd

Tbi

Ttdu
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FIGURE 18. The view looks east into the Amphitheater toward upper Water Canyon showing late intrusions: Tqdt is quartz-bearing trachydacite to 
alkali rhyolite plug (2.58–2.54 Ma); Qxgi is xenocrystic olivine gabbro plug (1.97 Ma). Surmounting the southeast wall is a coarse porphyritic biotite 
trachydacite (unit Ttdc, 2.70 Ma), an early satellite dome. Above the northeast wall is a porphyritic olivine trachyandesite (unit Tpota, 2.67 Ma) that 
overlies classic “plagioclase basalt” (unit Tpb, 2.79 Ma at this location). Most contacts are omitted for clarity. 

unit, we speculate the age is around 2.2 Ma based on its 
stratigraphic position and state of preservation. Within the 
eastern Amphitheater, a large circular plug of fine-grained 
olivine gabbro was emplaced (Figs. 18–19; unit Qxgi, 1.97 
Ma) that uplifted adjacent Cretaceous rocks. It is not clear if 
this magma breached the surface to produce a flow. The top 
of the plug is somewhat vesiculated (Hunt, 1938), but any 
flow that erupted from this intrusion has been completely 
eroded. The gabbro contains xenoliths of norite and 
peridotite, and compositionally the gabbro resembles “true” 
basalt (≤5 wt% total alkalis). This is the youngest magmatic 
event within the Amphitheater.

Several more cones and flows erupted on the upper flanks 
of the volcano. A group of xenolith-bearing cones and flows 
(unit Qyxtb, 1.74–1.85 Ma) vented from sites northwest, 
north and northeast of Mount Taylor. One of these is the 
Quarry Basalt (Baldridge et al., 1996; Crumpler and Goff, 

2012, stops 4 and 8). The xenoliths are largest and most 
abundant within and near the cones. Because of their density, 
the xenoliths settle out distally near flow bottoms (Goff and 
Goff, 2013).

Two aphyric trachybasalts erupted on the north flank 
of the volcano (Qyh and Qatb, 1.73 Ma and 1.76 Ma, 
respectively), which overlie xenolith-bearing units. These 
were followed by a group of distinctive fine-grained quartz-
bearing trachybasalts that vented around the volcano from 
1.64–1.53 Ma (unit Qfqtb). This group includes Cerro Ortiz 
(1.56 Ma, Lipman and Mehnert, 1979). The youngest flank 
eruption we could identify is the cone and flow of Cerro 
Pelón (Fig. 20, unit Qyatb, 1.26 Ma). This aphyric lava is 
distinctive, containing sparse small olivine phenocrysts, very 
rare quartz xenocrysts, and tiny groundmass titaniferous 
biotite, the latter identifiable only in thin section.

Other Volcanic Centers

Grants Ridge Rhyolite center
An impressive northeast-trending exposure of silicic lava, with 
associated obsidian and tuffs, towers above the landscape of 
Coal Mine Basin at the northeast end of Grants Ridge (Fig. 
21). Several researchers mentioned previously have worked 
on the Grants Ridge rocks. The prevailing wisdom about the 
rhyolite complex is that the eruptions began with a significant 
pyroclastic phase and terminated with the intrusion of lava 
(see WoldeGabriel et al., 1999). An early whole-rock K/Ar date 
of 3.34 Ma on the rhyolite lava was previously reported by 
Lipman and Mehnert (1979). Just off our map to the southwest, 
rhyolite tuffs from the Grants Ridge center are intruded and 
overlain by a trachybasalt plug and lava flow dated at 2.57 
Ma (Thaden et al., 1967; Laughlin et al., 1993), and the 
intrusive relations with tuff have been extensively studied 
as an analog for certain types of eruptions and intrusions 
that could disrupt a nuclear waste repository (Keating and 
Valentine, 1998; WoldeGabriel et al., 1999; Keating et al., 

2008). The rhyolite dome and flow complex at Grants Ridge 
is massive to flow-banded and weakly porphyritic; containing 
sparse phenocrysts of sanidine, plagioclase, quartz, and minor 
biotite barely visible with a hand lens. The northwest side 
of the complex is partially overlain by sparsely porphyritic 
obsidian containing tiny sanidine. The east side of the body 
near NM 547 is famous for deuteric alteration and mariolitic 
cavities hosting small euhedral crystals of quartz, tridymite, 
alkali feldspar, almandine, hematite, and topaz (Crumpler 
and Goff, 2012, stop 2; Crumpler and Goff, 2013, stop 1). 
Thus, Grants Ridge rhyolite is often referred to as a “topaz 
rhyolite” (Christiansen et al., 1983). Our date of the obsidian 
glass from the northwest flank of the intrusive complex is 
3.50 Ma. Surprisingly, our date on the flow-banded rhyolite 
from a knob just above the “topaz” collecting locality is 3.18 
Ma, indicating that the rhyolite was emplaced in at least two 
events, not a single event. The magnetic polarity of the flow-
banded rhyolite is normal (two different sites), which fits the 
polarity subchron values reported by Gee and Kent (2007).

Tqdt

Ttdc
Tpb

Tpota

Qxgi
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FIGURE 19. The view looks to the west-northwest toward Mount Taylor and“La Mosca” showing the young olivine gabbro plug (Qxgi, 1.97 Ma) in 
the eastern Amphitheater. The gabbro has uplifted and altered Cretaceous sediments (K sediments, see discussion below). An earlier north-south-
trending dike also intrudes the Cretaceous rocks (Thbi, 2.64 Ma, magnetic polarity is normal). In the middle distance, several radiating dikes of various 
compositions can be seen. Beyond the dikes is the trachydacite to alkali rhyolite plug (Tqdt, 2.54–2.58 Ma). 

Tqdt

Thbi

Mount Taylor “La Mosca”

Qxgi

K sediments

dikes

FIGURE 20. The view looks to the south-southwest at Cerro Pelón, an eroded scoria cone that is the source of the youngest lava flow in the map area 
(Qyatb, 1.26 Ma). 
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Superb exposures of white Grants Ridge rhyolite tuff (unit 
Tgrt) can be seen in the upper cliffs of the mesas surrounding 
Coal Mine Basin and basins beyond. In most exposures, the 
tuff overlies Cretaceous rocks and discontinuous thin beds 
of Pliocene gravels, and underlies basaltic rocks. However, 
beneath upper and middle Horace Mesa, the tuff beds rest on 
the west basanite (Tbaw) mentioned previously (Fig. 7).

We have obtained four measured sections of the tuff at 
locations north-northwest, northwest and west of the Grants 
Ridge center (Keating and Goff, unpub. data, 2008; J. R. 
Lawrence, Appendix B in McCraw et al., 2009). At these 
locations, the tuff consists of three separate subunits: a lower 
ignimbrite, a middle pyroclastic fall and surge package, and 
an upper ignimbrite (Fig. 22). Our lower ignimbrite probably 
corresponds with the poorly exposed basal ignimbrite shown 
by Keating and Valentine (1998, fig. 3), and their central 
ignimbrite is equivalent to our upper ignimbrite. A key 
characteristic of the middle fall/surge package is the presence 
of accretionary lapilli in the wet ashy surge layers (Fig. 23). 
Locally, a 2-m-thick soil has formed at the top of the fall/surge 
package (Fig. 22; McCraw et al., 2009, appendix B, fig. B4). 
We also observed a pronounced angular unconformity between 
the base of the fall/surge package and the lower ignimbrite in 
exposures of Grants Ridge tuff beneath the east side of Horace 
Mesa (Fig. 24). Glass from an aphyric obsidian lithic clast 
removed from the upper ignimbrite was dated at 3.26 Ma, 

FIGURE 21. The view looks to the west at the internal structure of younger rhyolite in the Grants Ridge volcanic center. The X marks the outcrop that 
was dated (Tgro, 3.18 Ma, magnetic polarity is normal), which overlooks the topaz-garnet-sanidine-hematite-quartz mineral collecting area (Crumpler 
and Goff, 2012, stop 2; Crumpler and Goff, 2013, stop 1).

X

whereas tiny sanidine separated from fine pumice in the fall/
surge package was dated at 3.33 Ma. Although analytically 
indistinguishable when considering the uncertainties of the 
analyses, the two dates are suggestive of a time break in 
pyroclastic activity. For these reasons, we believe the rhyolite 
lavas and tuffs were not emplaced as one magmatic event. 
Instead, they were erupted as several small pulses (≤1 km3) 
spanning a considerable length of time (0.32 m.y.).

From chemical analyses on major elements (Appendix 2), 
there is little difference between Grants Ridge lava, obsidian, 
and pumice samples, although Shackley (1998) has observed 
differences in trace element chemistry between obsidian in 
lava and obsidian in tuff. However, one characteristic of all 
Grants Ridge samples is their relatively high fluorine contents, 
averaging 0.32–0.42 ppm F in fresh samples (Christiansen et 
al., 1983; WoldeGabriel et al., 1999). This is 2–4 times the 
value of other rhyolites in the region. They are also chemically 
different than the younger West and East rhyolites and rhyolite 
tuffs within and outside of Mount Taylor by generally having 
more SiO2, less Al2O3, and less total Fe.

In summary, rhyolitic volcanism from Grants Ridge was 
relatively long-lived and predates growth of Mount Taylor 
stratovolcano. The types of erupted products are varied but 
are the most chemically evolved volcanic rocks in the region 
(see Appendix 2). The latest intrusive products are also the 
most mineralogically interesting volcanic rocks in the region.
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FIGURE 22. Measured section of Grants Ridge rhyolite tuff (unit Tgrt) exposed in cliffs of La Jara Mesa 1.2 km south of Cerro Colorado. The top of the section is 
located at UTM NAD27 025188/390485. Station numbers, figures II-2, II-3, B-4, B-5, B-7, B-8, and B-9, symbol explanations, and detailed lithologic descriptions 
can be found in Appendix B of McCraw et al. (2009). The complete tuff sequence consists of a lower ignimbrite (Tgrt1), a middle interval dominated by fall 
and surge beds (Tgrt2), and an upper ignimbrite (Tgrt3). Sanidine in pumice from Tgrt2 was dated at 3.33 Ma whereas obsidian lithic in Tgrt3 was dated at 
3.26 Ma. Qc is Quaternary colluvium. Figure is modified from J.R. Lawrence in Appendix B, McCraw et al. ( 2009). 
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12-m thick trachybasalt lava flow (Tyotb; 2.64 Ma) derived from Cerro
Colorado, 1.2 km to the north-northeast.

Well-developed paleosol buried by Tyotb. Contains a small fluvial 
channel at its base.

Erosional top of Rhyolite Tuff of Grants Ridge, subunit 3 (Tgrt3).

Pumice lapilli make up 90–95% of the tuff at the base of Tgrt3, with
5–10% rhyolite fragments and trace obsidian nodules. It unconformably
overlies a pale grayish tan (5YR 7/2) pebbly, silty-sandstone paleosol. 

Rhyolite Tuff of Grants Ridge, subunit 2 (Tgrt2). Completely 
intercalated tuffaceous bed that includes pyroclastic-fall beds
of fine, white, tuffaceous mudstones, as well as reworked, fluvial, 
pumice-rich sandstones and gravels displaying small-scale scour
and fill structures, and locally truncated cross beds. Pyroclastic beds
range in composition from about 60% angular to subangular pumice 
lapilli and 40% angular rhyolite fragments to almost 100% pumice
lapilli. Surge beds are common. 

Rhyolite Tuff of Grants Ridge, subunit 1 (Tgrt1). Ignimbrite is 
comprised of non-bedded, 50–60% fine-ash matrix, 20–30% unsorted
white aphyric pumice lapilli, and 10–20% subangular to subrounded,
diverse lithic fragments, which include Precambrian granite, red fine-
grained sandstone, gray rhyolite, and trace obsidian pebbles. A dipping,
thin surge bed at Sta. 9 suggests the base of a cooling unit.
Below this, the ignimbrite becomes more pumiceous: 30–40% angular
lapilli; 50–60% fine, pale pink (10YR 8/2) ash matrix, and 10–15% lithic
fragments, comprised of rhyolite, obsidian, fine-grained sandstone, and 
trace Precambrian granite. 

Sharp, subhorizontal, conformable contact between Tgrt2 and Tgrt1,
which is likely the top of the lower ignimbrite subunit. 

Tgrt3 is a white (N9), poorly welded ash-flow tuff (ignimbrite), 
composed of 75–80% aphyric pumice lapilli, 15–20% angular
rhyolite fragments, 1–2% obsidian nodules, and trace pebbles of
Precambrian granite and indurated silty sandstone. It is moderately 
indurated, lithic-bearing to locally lithic-rich, welded, non-bedded, 
generally matrix-supported with a 10–20% fine-ash matrix.
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FIGURE 23. Accretionary lapilli (≤6 mm in diameter) in muddy rhyolitic 
surge bed from the approximate center of Tgrt2, on the east side of Horace 
Mesa. The muddy layer overlies a dry surge bed. 

FIGURE 24. Dramatic angular unconformity exposed in Grants Ridge tuff, on 
the east side of Horace Mesa. Horizontal beds are the bottom of the fall/surge 
package (Tgrt2, Fig. 22) and underlying dipping beds are the lower ignimbrite 
(Tgrt1). The hammer handle (46 cm long) lies across the unconformity.

Trachydacite of San Jose Canyon
An interesting intrusive complex of porphyritic hornblende 
trachydacite (unit Tphtd, 2.63 Ma) is emplaced near the 
south-central margin of the map east of Rinconada Basin 
(formerly called Porphyry of San Jose Canyon; Lipman et 
al., 1979). The magma intrudes Cretaceous rocks (Fig. 25) 
and overlying flows of “plagioclase basalt” and megacrystic 
trachybasalt (units Tpb and Tomtb, respectively), the latter 
dated at 2.79 Ma. Lipman et al. (1979) imply that the source 
magma for the trachydacite underlies the San Fidel Dome 
complex (a structural dome), but we suggest that the dome 
may be caused by an underlying gabbro intrusion (see below). 
In any event, the age and major/trace element chemistry of the 
trachydacite (Appendix 2) resemble those of some other late 
Phase III domes on the margin of the Amphitheater in Mount 
Taylor (e.g., Tbhtd, 2.66 Ma). Thus, it is conceivable that a 
hidden 10-km-long radial dike fed the trachydacite from the 
stock within Mount Taylor.

FIGURE 25. A near-vertical intrusive contact (IC) between the porphyritic 
hornblende trachydacite of San Jose Canyon (Tphtd, 2.63 Ma) and the Gibson 
Coal Member of the upper Cretaceous (Kcg, mostly covered by colluvium). 

Tphtd

IC
IC

Kcg

Hill south of San Mateo
About 4 km south of San Mateo stands a broad mesa and 
hill composed of two intermediate composition lavas cut 
by an intrusion. The earliest lava is a coarse porphyritic 
trachyandesite (unit Tplta, 2.86 Ma) that forms a mesa 
cap overlying an impressive sequence of pyroclastic rocks  
(Fig. 11). This was followed by an eruption of “plagioclase 
basalt” (unit Tpbm, actually a basaltic trachyandesite, 
Appendix 2) that forms a hill on top of the mesa. Last, a 
linear intrusion of olivine trachyandesite (unit Ttai, 2.79 
Ma) cuts both lavas. These eruptions correspond in time and 
composition with late Phase II lavas forming the stratovolcano 
of Mount Taylor but lie more than 5 km northwest of the 
Amphitheater. Early volcaniclastic sediments (QTvs) form a 
discontinuous layer between the two flows but the complex 
is partially buried on the south-southeast by a later wedge 
of volcaniclastic sediments eroding off Mount Taylor. A 
trachydacite ignimbrite interlayered within these later 
sediments is dated at 2.79 Ma (Ttdt).

Southwest Mesa Chivato
Southwest Mesa Chivato contains several small volcanic 
centers that correspond in chemistry and age with Phase I 
and II rocks at Mount Taylor proper. The big difference 
between the two locations is the relative lack of intermediate 
and silicic composition rocks at Mesa Chivato. It appears that 
magmatism beneath Mesa Chivato developed a floor similar 
to Mount Taylor, but could never create a stratovolcano of 
more evolved rocks. 

Crumpler (1977) mapped two 1:24,000 quadrangles north 
and northeast of our map. His mapping style generally agrees 
with ours, and his four dates fall into the range we have 
determined for the area (Crumpler, 1982, table 1). Crumpler 
(1980b) also obtained a considerable number of chemical 
analyses, some of which we normalized and plotted on a total 
alkali versus silica plot following Le Bas et al. (1986). His data 
are not included with ours in Appendix 2 but they fall along 
the same trend as ours. We note that his “basanitoid” becomes 
basanite, his mugearite and benmorite become trachyandesite, 
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and a couple of his trachytes become more like trachydacite 
when the data are replotted.

Our dating effort in southwest Mesa Chivato focused on the 
oldest, youngest, and/or unusual eruptions. Volcanism began 
with the eruption of trachybasalt and minor basanite lavas 
that provide isolated snapshots of initial activity. A distinctive 
hornblende trachybasalt (unit Tphtb, 3.16 Ma) is exposed just 
east of the Cerro Pino and Campo Grande areas. Faulting has 
uplifted this lava, showing that it underlies most of the volcanic 
pile in this area. At about the same time the trachyte dome 
of Cerro Chivato formed (Fig. 26, unit Ttrc, 3.16 Ma), which 
is surrounded by younger lavas. Cerro Chivato is similar in 
age to the “white trachyte” of Crumpler (1982; 3.22 Ma) that 
erupted several kilometers north of our map area. A basanite 
with hackly texture and sparse quartz xenocrysts (unit Tbal, 
2.58 Ma) forms a 10-m-high ledge along the western shore of 
Laguna Cañoneros (Fig. 26). This lava has normal magnetic 
polarity and erupted near the boundary between major polarity 
reversals (Gee and Kent, 2007). The youngest date we obtained 
in the northeasternmost part of the map was from the Campo 
Grande volcanic center (unit Tcgl, 2.52 Ma), but slightly younger 
lavas vented to the southeast and east of Campo Grande.

Older volcanism is also preserved in southern Mesa 
Chivato at the head of Seboyeta Canyon where an ancient 
northeast-trending valley is filled with three lava flows and 
volcaniclastic sediments (Fig. 27). The oldest flow (Totb, 2.83 
Ma, magnetic polarity is normal) sits on Cretaceous rocks and 
is overlain by volcaniclastic sandstone mixed with silicic fall 
deposits (unit Tvss). The latter layer is overlain by medium-
grained, plagioclase-phyric trachybasalt (Tmplb, 2.70 Ma,  
magnetic polarity is normal) that is overlain by fine-grained 
basalt with conspicuous megacrysts of augite (Tfcpob). 

FIGURE 26. The view looks to the southwest to the Cerro Chivato trachyte dome (Ttrc, 3.16 Ma) west of Laguna Cañoneros maar. The maar deposits are 
bracketed between 2.70 and 2.58 Ma. The west shore of the maar is composed of quartz-bearing olivine basanite (Tbal, 2.58 Ma). The bluff flanking 
the east side of the maar (Qafc, undated) is an eroded scoria cone that overlies the basanite. Another scoria cone, Cerro Colorado (Qmppc, undated) is 
seen beyond Cerro Chivato. Mount Taylor volcano appears in left background. 

Mt. Taylor Cerro
Colorado

Cerro Chivato

Laguna Cañoneros

Qafc

Tbal

Although undated, the upper flow has normal magnetic 
polarity, suggesting an age of <2.70 Ma but >2.58 Ma.

Isolated exposures of “big plagioclase” basaltic 
trachyandesite (unit Tplta) were found northwest of Cerro 
Aguila, which are largely covered by young Quaternary 
deposits. Although we did not date this unit, it chemically 
resembles similar rocks around Mount Taylor (Appendix 
2). Thus, we surmise it is roughly 2.75 Ma. Part of the 
trachyandesite is overlapped by a fine-grained trachybasalt 
flow (unit Qftb, 2.28 Ma) and covered by scoria deposits of 
Cerro Aguila (Qfoqd; 2.27 Ma).

We dated several young fine-grained, rather aphyric 
trachybasalts. An extensive flow on the northern edge of 
the map (Qfptb, 2.13 Ma, the magnetic polarity is reverse) 
surrounds Laguna Blanca and extends for roughly a kilometer 
to the north (unit Qba4 of Crumpler, 1977). Just to the 
southwest, the Cerro Cuate flow is dated at 2.18 Ma (unit 
Qatb). A large circular flow and faulted cone south of Cerro 
Chivato (Qfatb, 2.14 Ma, the magnetic polarity is normal) 
conveniently overlies or abuts against nine different older units.

We also dated three phenocryst- and/or megacryst-rich 
basalts (Appendix 2). Porphyritic olivine basalt (Fig. 28, unit 
Qolpb, 2.41 Ma) forms a small cone and flow just south of the 
northeast edge of the map. It is equivalent to part of unit Qba2 
of Crumpler (1977). A 6-km-long flow of augite megacrystic 
basalt (Qcopb, 2.31 Ma, the magnetic polarity is reverse) 
extends west from the axis of volcanism on Mesa Chivato. The 
youngest basalt, Cerro Redondo, is olivine-rich (possibly from 
disaggregated peridotite) and forms an impressive scoria cone 
nearly two hundred meters high (Qfocr; 1.90 Ma, magnetic 
polarity is normal). It is also the youngest unit we dated on 
southwest Mesa Chivato. 
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FIGURE 27. A view of the west wall of upper Seboyeta Canyon showing 
volcanic sequence filling a paleovalley cut into Satan Tongue of Mancos Shale 
(Kmsa). Totb is a lumped unit of older fine-grained aphyric trachybasalt (2.83 
Ma, the magnetic polarity is normal at this location) overlain by volcaniclastic 
sediments with interlayered silicic fall deposits (Tvss). Tmplb is medium-
grained plagioclase-phyric trachybasalt (2.70 Ma, the magnetic polarity is 
normal) overlain by discontinuous exposures of volcaniclastic sandstone 
(Tvss). The sequence is capped with fine-grained augite-phyric trachybasalt 
(Tfcpob, undated, the magnetic polarity is normal) suggesting the uppermost 
flow is greater than 2.58 Ma. 

Totb

Kmsa

Tvss

Tvss

Tfcpob
Tmplb

FIGURE 28. The photograph shows the phenocryst texture of olivine-rich 
basalt (Qolpb; 2.41 Ma); virtually every phenocryst is olivine although there 
are a few black-augite and white-plagioclase phenocrysts. Many of the “true” 
basalts (see Appendix 2) have extremely abundant phenocrysts of olivine ± 
augite ± plagioclase.

Erosion of the Volcano

FIGURE 29. The east end of Water Canyon shows older alkali basalt (Toab, 
3.16 Ma) overlain by a trachydacitic pyroclastic flow that partially lines the 
upper walls (Twst, 2.87 Ma, see Fig. 13). The pyroclastic rocks are overlain by 
up to 10 m of bedded volcanic sandstones and gravels (Tvss) that are in turn 
overlain by thick volcanic debris flow deposits (QTvs).

QTvs
Tvss

TwstTwst

Toab

Our dates allow us to assess the beginning, duration, and end 
of a massive erosion event that coincided with the growth 
of Mount Taylor volcano. This erosion is mostly recorded in 
units Tvss and QTvs. The former unit consists primarily of 
bedded volcanic sandstone (Fig. 29), minor conglomerate and 
interlayered intermediate to silicic tuffs, mostly fall deposits 
(Figs. 10, 27). The age of the early, bedded deposits (Tvss) is 
between about 3.1 and 2.7 Ma, depending on location. One of 
the best places to examine them is east of Water Canyon and 
on the southern end of Encinal Mesa.

The two types of volcaniclastic deposits overlap in time 
(Fig. 5b), but by about 2.9–2.8 Ma, the coarser and more 
massive unit (QTvs) becomes more dominant. QTvs consists 
of 70–80% water-deposited debris flows containing large 
boulders of intermediate composition volcanics (Figs. 30a, 
30b). Many boulders and cobbles display intense low-grade 
hydrothermal alteration. The remaining 20–30% of the 
deposits consist primarily of hyperconcentrated flow and 
typical streamflow deposits that often form broad channels 
and become more prevalent away from the volcano (Fig. 31). 
Beds and lenses of tuffs and reworked tuffs are interlayered in 
the debris flows at all intervals of the unit (Fig. 32). 

Formation of QTvs deposits ceased at about 1.5 Ma. For 
example, at La Jara Mesa and the western flank of Mount 
Taylor, the Quarry trachybasalt (1.74 Ma; Goff and Goff, 
2013) ovelies all but a small patch of debris flow deposits 
found on top of this lava. The majority of the thick QTvs 
debris flows cover mafic lava dated at about 2.9 Ma and are 
interlayered with various lavas dated at 2.8–2.6 Ma. North 
of Mount Taylor, distal poorly exposed deposits of QTvs 

overlie older trachybasalt (Totb, 3.2 Ma). Distal deposits are 
well exposed in middle Colorado Canyon (Fig. 31) where they 
are overlain by trachybasalt lava dated at 1.79 Ma. In turn, 
patches of QTvs overlie this trachybasalt. East, northeast and 
southwest of Mount Taylor, QTvs underlies quartz-bearing 
trachybasalts (mentioned above), the youngest of which is dated 
at 1.53 Ma.
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FIGURE 30a. Massive debris flow deposits (QTvs) exposed along FS-239 west 
of Mount Taylor (Crumpler and Goff, 2012, stop 7). Most of the boulders are 
porphyritic trachydacite and trachyandesite.

FIGURE 30b. Debris flow deposit (QTvs) exposed along FS-501 south of Mount 
Taylor. Note the matrix of gray, fine-grained, ash-rich, volcanic sandstone. 
Many of the debris flows are matrix supported, but exposures showing 
this texture are rare. Most deposits are covered by a lag of trachydacite and 
trachyandesite boulders.

FIGURE 31. Distal deposits of QTvs exposed along middle Colorado Canyon 
north of Mount Taylor (Crumpler and Goff, 2012, stop 15). These layers contain 
less gravel and more sandstone than most proximal deposits and also contain 
beds of pumice and reworked pumiceous sandstone. They are overlain by 
trachybasalt dated at 1.79 Ma (located in the upper left of the photograph).

FIGURE 32. Pumice blocks in trachydacite ignimbrite exposed as a layer and/
or small channel fill within QTvs near head of Lobo Canyon, south of Mount 
Taylor (Lipman and Mehnert, 1979; Crumpler and Goff, 2012, stop 5). The 
pumice was dated at 2.71 Ma.
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Origin of the Amphitheater
Most previous workers have stated that the Mount Taylor 
Amphitheater is erosional and was not initially created by 
a large explosion (Hunt, 1938, Lipman and Menhert, 1979; 
Perry et al., 1990). There is no widespread apron of late-stage 
pyroclastic rocks or ignimbrite that surrounds the volcano. 
The most voluminous pyroclastic material is associated 
with Phase I rhyolitic volcanism ending around 2.9 Ma. 
Since that time, pyroclastic eruptions were consistently less 
voluminous and primarily of a trachydacite composition. 
We dated no pyroclastic eruptions later than 2.70 Ma. 
However, the stratovolcano continued to evolve until 2.50 
Ma. Additionally, we could not identify any large debris 
avalanche deposits in unit QTvs. Thus, we concur with most 
others that the Amphitheater is an erosional feature, perhaps 
developed along preexisting structures (Fig. 33).

It is our interpretation that late stage emplacement of 
the radiating dikes and the trachydacite-alkali rhyolite plug 
(2.54 Ma), and coinciding magma-induced hydrothermal 
alteration destabilized the core of the volcano causing 
accelerated erosion along an east-west axis. The eastern core 
of the Amphitheater was further destabilized by intrusion 
of the gabbro plug (1.97 Ma). Consequently, the debris from 
the original cone formed a huge fan east and southeast of 
the volcano (see map). Starting around 1.5 Ma, stream 
incision along ravines and the margins of various mesas 
focused deposition at the mouths of developing canyons 
such as the Qf3 fan at the mouth of Water Canyon.

In contrast, Crumpler (1982, p. 294) has suggested that 
the Amphitheater may have resulted from a Mount St. Helens-
type lateral blast (sector collapse with simultaneous magmatic 
explosion). However, our mapping has not identified blast-type 
pumice deposits or ignimbrites to the east of the volcano in the 
QTvs section or elsewhere, nor have we identified the hummocky 
landslide and debris flow deposits characteristic of catastrophic 
stratovolcano sector collapse (e.g., Hoblitt et al., 1981;  
Voight et al., 1981).

Another interpretation for the existence of the Amphitheater is 
Pleistocene glaciation (Ellis, 1935), but the evidence for this view 
is very sparse. We found no glacial deposits such as moraines 
anywhere in and around Mount Taylor, although they could 
possibly be hidden in the large mass of QTvs that formed prior 
to 1.5 Ma east and southeast of Water Canyon. Additionally, 
the Amphitheater is certainly not U-shaped with a flat floor like 
classic glacially carved valleys (Figs. 18, 19, 33). Hunt (1956) 
also stated that no moraines were found at Mount Taylor, yet 
several researchers have restated Ellis’s concept that the Mount 
Taylor amphitheater hosted Pleistocene glacial ice (e.g., Pierce, 
2004). Recently, Meyer et al. (2014) attempted to find evidence 
for glaciation at Mount Taylor. Their work suggests that the 
“cirques” northeast of “La Mosca” may have held short-lived 
glaciers or rock glaciers, but their evidence is not conclusive. 
On the other hand, Meyer et al. (2014) state that glaciation was 
“unlikely to have occurred for any significant period in the eastern 
Amphitheater of the mountain where it was previously inferred.”

FIGURE 33. Oblique aerial photograph with a view looking northeast across the Amphitheater of Mount Taylor toward southwest Mesa Chivato in 
winter 2008. The Amphitheater has not evolved into a classic glacially-carved valley with flat-bottomed U-shape. Rather, it is an elongate east-facing 
bowl exposing eroded volcanic flows, dikes and plugs (see Fig. 19). Photo courtesy of Kirt Kempter.
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Structural Geology

As mentioned above, this monocline is west of the McCarty 
syncline of Hunt (1938), and both are Laramide in age (roughly 
80–55 Ma; English and Johnston, 2004). According to Hunt 
(1938, p. 74 and fig. 4), the McCarty syncline is best expressed 
about 25 km south of Grants. The syncline trends northeast 
toward the amphitheater of Mount Taylor and disappears 
beneath the volcanic field. However, drilling intercepts and 
our mapping shown in cross sections (A–A’ and B–B’) indicate 
that the syncline essentially terminates in the Rinconada Basin 
area south of Mount Taylor. We have observed that Cretaceous 
rocks are gently warped and folded throughout the Mount 
Taylor area and that the Cretaceous section is uplifted and 
deformed by intrusions within the Amphitheater.

Young structural domes
At least four structural domes or broad uplifts, most likely 
resulting from underlying igneous intrusions (Goff et al., 
2013b) occur in the map area. The first three of these features 
described below were initially recognized by Hunt (1938): the 
San Fidel Dome, the Devil Canyon Dome, and the exposed 
gabbro plug (unit Qxgi) located in the eastern Amphitheater, 
which uplifted and displaced Cretaceous beds 500 m or more.

By far the most spectacular is the San Fidel dome near 
the south edge of the map east of Rinconada Canyon  
(Fig. 35). It is a 3 x 2 km northeast-trending elliptical dome. 
The north side and crest of the dome are capped by deformed 
older megacrystic trachybasalt dated at 2.78 Ma (e.g., lumped 
unit Tomtb, see map). The vent for this lava lies to the west 
(Tomtc) and is not uplifted. The scoria contains blocks of 
olivine monzogabbro dated at 3.24 Ma (Goff et al., 2013b). 
An olivine-rich nephelinite dike trending N80°E cuts flat-lying 
Cretaceous rocks west of the dome but terminates abruptly 
at the dome margin faults (Goff et al., 2013a, fig. 3c). About 
0.5 km southeast of the dome, flows and intrusive rocks of 
San Jose Canyon trachydacite are exposed (Tphtd, 2.63 Ma 
discussed previously). No dikes or intrusive rocks are exposed 
in the eroded southern core of the dome, but the folded 
and uplifted Cretaceous rocks display significant low-grade 
hydrothermal alteration discussed below.

The southern portion of the dome is deeply eroded by a 
few hundred meters into the Mancos Shale forming a steep-
walled valley. High-angle faults separate flat-lying Cretaceous 
rocks surrounding the dome from folded and faulted rocks 
within it. Rocks exposed along these high-angle faults 
display prominent slickensides (Fig. 36). Maximum uplift 
is 370 m determined by the difference in elevation between 
uplifted lava at the crest and non-deformed lava beneath the 
scoria. In addition, several normal faults with displacements  
≤100 m appear to trend radially away from the exposed core 
of the dome. Four of these “radial” faults form small graben- 
like structures. 

The dome was explored for oil in the 1940s, and the State 
36-1 oil test was drilled to about 900 m (2,953 ft), spudded in 
the southern core of the structure. The well did not encounter 
any igneous rocks but did intersect a repeated section of 
Cretaceous rocks that we interpret as thrust faulting caused 
by the magmatic intrusion (Fig. 37). The well penetrated the 
Jurassic Todilto and Entrada Formations; thus cross section 
B–B’ extends deeper into the Jurassic than cross section A–A’.

Previously, both Hunt (1938) and Lipman et al. (1979) 
indicated that relatively shallow emplacement of magma 
caused uplift of the dome. Furthermore, Lipman et al. suggested 
the intrusion is part of their Porphyry of San Jose Canyon. 
Our work shows that the intrusion occurred later than 2.78 
Ma, but because of the gabbro bombs, mafic dikes and several 
mafic eruptions in the area, we suggest the causative body 
is probably gabbro. Alternatively, the uplift could be caused 
by the combined or sequential intrusion of trachybasalt and 
trachydacite magmas.

Several researchers have conducted experiments to study 
faults and fault patterns resulting from magmatic intrusion 
(magmatic overpressure) into cold country rocks (Komuro et 
al., 1984; Marti et al., 1994; Walter and Troll, 2001; Acocella 
et al., 2001). Many of these studies were focused on intrusions 

Folds
The only significant fold in the map area is the north-south 
striking, unnamed monocline on the western edge between 
the drainage of Lobo Canyon (south) and La Jara Mesa 
(north). The monocline dips sharply to the east and plunges 
south disappearing beneath Grants Ridge but joins a similar 
structure to the south, slightly west of the map area. Mancos 
Shale is exposed at the bottom of the monocline, whereas Stray 
Sandstone is exposed at the top (Fig. 34). The Mulatto Member 
of the Mancos Shale is exposed across a north-trending valley 
to the east. The monocline is cut by an east-trending dike of 
augite-megacrystic trachybasalt (Ttcbi) that was emplaced 
along a small fault (Goff et al., 2013a, fig. 3a). The monocline 
also appears north of La Jara Mesa and is clearly visible north 
of NM Highway 605 where it dips gently east.

FIGURE 34. East-dipping bed of Stray Sandstone at the crest of an unnamed 
monocline on the west edge of the map; Shari Kelley standing here for scale. 
Note the layers of black manganese oxides deposited along preferential 
bedding planes.
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that form resurgent domes in calderas. All experiments form 
domal uplifts, but the style of faulting is dependent on 
experimental materials and parameters. Radial and circular 
concentric faults are common. The circular faults are very 
high-angle normal to a variety of reverse faults. The reverse 
faults often interconnect at depth. Typically, a small shallow 
graben or depression forms near the top of the dome due to 
stretching (extension) of the intruded materials. After San 
Fidel Dome grew, erosion of soft Mesozoic strata in a summit 
depression or graben may have resulted in the circular steep-
walled valley we see today.

Devil Canyon Dome is located about 5 km north of San 
Fidel Dome in upper Rinconada Basin. The dome is about 
1.5 km in diameter and is characterized by an arcuate 

FIGURE 35. The view looks to the north-northeast across the eroded southern core of the San Fidel dome composed of uplifted and deformed Cretaceous 
rocks (Kmm—Mulatto Tongue of Mancos Shale, Kcs—Stray Sandstone, Kcdc—Dilco Coal, Kgm—Main body of the Gallup Sandstone). White dashed line is 
used to accentuate the domal uplift. Tomtb is uplifted older megacrystic trachybasalt lava dated at 2.78 Ma at crest and west flank of dome. 

Tomtb

Kmm Kcs

Kcdc
Kgm

FIGURE 36. Vertically-standing Cretaceous rocks along the west margin 
of the San Fidel dome contain many slickenside marks from slip along  
bedding planes. 

FIGURE 37. Shortened view of the east end of northwest-southeast cross 
section B–B’, Lobo Springs quadrangle (Goff et al., 2008; 2013b) showing 
the subsurface interpretation of the structure beneath the southern part of 
the San Fidel dome. Tgi is a possible gabbroic intrusion that we believe is the 
cause of the uplift (but see Lipman et al., 1979 for another interpretation). 
The western-boundary fault of the uplift has displayed alternating normal to 
reverse faulting through time: K are Cretaceous and J are Jurassic rocks (see 
Goff et al., 2008 for complete descriptions).
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uplift of locally faulted Cretaceous strata that superficially 
resembles a south-plunging monocline. Several mafic dikes 
with different strike directions cut across the northeast 
crest of the dome and some of the Cretaceous rocks display 
weak, low-grade hydrothermal alteration. We suspect that 
emplacement of shallow gabbro, possibly related to Mount 
Taylor volcanism, formed the dome, dikes, and alteration. A 
relatively low amplitude (±20 gammas), 400-m-wide positive 
aeromagnetic anomaly, coincident with the Devil Canyon 
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dome (GeoMetrics, 1979; line 242, p. AL53), supports the 
interpretation of a magnetite-bearing mafic intrusion at depth 
(R.M. Chamberlin, NMBGMR, written comm., 2013).

The eastern Mount Taylor Amphitheater contains a gabbro 
plug (unit Qxgi, 1.97 Ma) that uplifted strata of the Mesa 
Verde Group, the Gibson Coal Member, and the overlying 
Satan Tongue of the Mancos Shale (Fig. 38). On the east 
margin of the intrusion, the beds dip as much as 55° southeast 
and display considerable low-grade hydrothermal alteration. 
The dip on these strata is only 15° east roughly 0.3 km east of 
the intrusion. Cretaceous strata are not uplifted in this manner 
north and south of the gabbro plug. Although Hunt (1938, p. 
75) mentions these deformed strata, he does not specifically 
tie their deformation to the intrusion. Lipman et al. (1979) 
lumped all the Cretaceous rocks within the Amphitheater as 
undivided and did not mention any association between the 
steeply dipping beds next to the gabbro and igneous intrusion. 
Further west, the Cretaceous section appears to be down-
dropped by a fault. Although exposures are poor, we found 
coal in some of the beds in this area, which we correlate with 
the Gibson Coal Member. Possibly the gabbro intruded along 
preexisting faults (see map and cross section).

American Canyon uplift is located about 7 km north of 
the amphitheater of Mount Taylor at a sharp west bend of 
the namesake canyon. The uplift is defined by two, north-
trending, down-to-the-west faults that expose over 75 m of 
volcaniclastic sediments along the south wall of the canyon. 
Two scoria cones and associated flows cover the north wall. 
The eastern cone erupted flows containing gabbroic xenoliths, 
which are dated at 2.30 Ma (Goff et al., 2013b). The sediments 
south of the canyon are ultimately capped by an aphyric lava 
flow dated at 1.76 Ma. Both of the dated flows are offset by 
the easternmost fault mentioned above. This area is unusual 
because no other place north of Mount Taylor displays such 
a thick section of sediments surrounded and capped by 
relatively young, faulted flows. We suspect that emplacement 
of a small gabbroic intrusion <1.76 Ma has caused uplift of 
the sediments and flows in this area, and caused the abrupt 
change in the direction of the creek.

FIGURE 38. The view looks to the north at the east-dipping Cretaceous 
sandstone beds east of the gabbro plug (Qxgi) in Mount Taylor Amphitheater. 
The elk fence marks the boundary between U.S. Forest Service land (left, west) 
and Mount Taylor Ranch (owned by Laguna Pueblo, Fig. 4).

Faults
We identified about 100 faults in the map area. Most are normal 
faults with displacements of <50 m and the predominant trend 
is north-northeast to northeast (Fig. 39). Many, but certainly 
not all, faults are shown on the map of Dillinger (1990). 
Many of Dillinger’s faults in the volcanic rocks on the mesas 
are located approximately correctly,  but we often found the 
displacement directions are opposite to ours (Fig. 40). Very 
few faults are shown on the map of Lipman et al. (1979), 
most around San Fidel dome. However, we found two faults 
cutting either side of the Amphitheater walls, both trending 
northeast, down to the southeast. We also found two north- to 
northwest-trending faults within the core of the Amphitheater 
probably related in part to intrusions. It is our opinion that the 
east-west alignment of the youngest intrusions coupled with 
later faults mentioned above has created structural weakness 
within the Amphitheater.

FIGURE 39. Rose diagram showing strike directions of 94 faults measured to 
the nearest 5° in the Mount Taylor region. The orientation trend ranges from 
N10°E–N45°E. Curving faults were broken into segments to obtain major 
strike directions.
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FIGURE 40. The view looks to the west at a downthrown-to-the-southeast 
normal fault cutting lava and underlying Cretaceous rocks at the extreme 
southern end of Horace Mesa (south edge of the map). This fault is incorrectly 
shown down to the northwest on the map of Dillinger (1990). Displacement 
in Cretaceous rocks is greater than in the lava proving that this fault was active 
before volcanism.  
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Faults with large displacements occur in the Cretaceous 
strata indicating that major northeast-trending faulting began 
before volcanism (Fig. 41; Hunt, 1938). We identified a 
northeast-trending, shallow graben in the vicinity of Lagunas 
Cuatas (herein named the Cuatas Graben) in southwest Mesa 
Chivato. It is bordered on the southeast by a normal fault 
skirting the highlands of Cerro Pino and Campo Grande. The 
northwest edge of the graben is defined by a pair of normal 
faults, one of which was a fissure, dike and spatter system for 
the eruption of olivine trachybasalt (Qyob, about 2.2 Ma). The 
fissure system resembles the aligned pyroclastic vents described 
in the Rosa basalt flow in Washington and Oregon (Brown et 
al., 2014). Cuatas Graben apparently extends northeast into 
the area mapped by Crumpler (1977), who also identified 
northeast-trending fault-controlled scoria cones (i.e., Cerros 
de Alejandro, Crumpler, 1980b, fig. 2). The graben cannot be 
traced to the southwest beyond Cerro Redondo (1.90 Ma) 
because relatively young lava flows bury it.

FIGURE 41. The view looks to the northeast at a down-to-the-northwest fault 
cutting Dalton Sandstone (Kcd) and overlying Cretaceous beds in western 
part of Rinconada Basin. We could not detect any offset in Tertiary volcanic 
rocks at either end of the fault.

FIGURE 42. The view looks to the east at a northeast-trending dike of 
agglutinate and lava in the summit area of scoria cone (Qfcod, undated) 
south-southeast of Cerro Redondo. 

FIGURE 43. Rose diagram showing strike directions of 127 mafic dikes 
measured to the nearest 5° in the Mount Taylor region. The orientation trend 
ranges from N30°E–N45°E. Curving dikes were broken into segments to 
obtain major strike directions.

Mafic Dikes
We found several mafic dikes cutting Cretaceous rocks in 
the basins and mesas surrounding Mount Taylor (Goff et al., 
2013a, fig. 3), but mafic dikes are most common as linear 
ribs of vertically standing lava, spatter and agglutinate within 
scoria cones (Fig. 42). We measured the strike directions of 
127 mafic dikes, and their preferred trend is N30°E–N45°E 
(Fig. 43). Many of the dikes are curving so an average strike 
direction was made for these. The preferred direction of mafic 
dike trends is more or less parallel to the trend of the Jemez 
volcanic lineament. We did not attempt to characterize the 
strike directions of mafic dikes as a function of their age, 
chemistry or mineralogy.

Radial Dikes
Radial dikes are a characteristic feature of the western Mount 
Taylor Amphitheater and volcano flanks (Hunt, 1938; Lipman 
et al., 1979; Perry et al., 1990; Crumpler and Goff, 2012, 
stop 9; Crumpler and Goff, 2013, stop 5; Goff et al., 2013a). 
As mentioned above, a very high percentage of these dikes 
post-date the emplacement of trachyandesite lavas forming 
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the summit of Mount Taylor or the trachydacite plug and 
flow forming “La Mosca,” i.e., mostly younger than 2.70 Ma. 
Compositionally, there are four major types: trachyandesite 
(unit Ttai), biotite trachydacite (Tbi), hornblende-biotite 
trachydacite (Thbi), and hornblende trachydacite (Thi). No 
attempt was made to determine if the composition is somehow 
related to age. Most dikes are a few hundred meters in length 
or less, but a few are over a kilometer long. Many have en 
echelon segments. They tend to be 10–30 m wide; some are 
as much as 30 m tall in outcrop (Fig. 17). We measured the 
strike direction of 148 radial dikes, and their preferred trend 
is N55°W (305°, Fig. 44) with most between N60°W–N25°W 
(300–335°). This orientation is approximately perpendicular 
to the preferred trends of faults and mafic dikes in the region 
(compare Figs. 39, 43, and 44). Interestingly, the preferred 
trend of radial dikes is more or less similar to the trend of the 
Amphitheater, roughly N60°W (300° azimuth).

Goff et al. (2013b) compared the radial dikes at Mount 
Taylor to those at Summer Coon volcano in Colorado (about 
33 Ma). Summer Coon contains hundreds of radiating basaltic 
andesite dikes but only about 20 radiating silicic dikes. The 
latter are 2–7 km long, typically 50 m wide and 20 m high. 
Poland et al. (2008) have found that silicic dikes tend to 
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become wider at greater distances from the central vent and 
have postulated that these wide dikes were feeders to distal 
eruptions on the flank of the volcano. In this respect, Mount 
Taylor and Summer Coon are similar in that we have observed 
that the later flank and rim eruptions at Mount Taylor have 
the same age and composition of the associated radiating dikes 
(see Fig. 44). In fact, we observed that the spectacular South 
Wall dike has an enlarged bud or bulb at the point where the 
dike crosses the Amphitheater rim (Fig. 45). We believe this 
bulb was actually the feeder or plug for a now eroded dome 
that originated from magma in the dike.

FIGURE 44. Rose diagram showing strike directions of 148 radial dikes 
measured to the nearest 5° in and around the Mount Taylor Amphitheater. 
The orientation trend ranges from N65°W–N25°W (295–335°) or nearly 
opposite to the orientation trends of the measured faults and mafic dikes.

FIGURE 45. The view looks to the north at a bulb at the apex of South Wall 
dike where it crosses the Amphitheater wall; the slope, on the right, in the 
background is inside of the north Amphitheater wall. Note the complex 
cooling joints in the bulb including radial joints (R). This bulb is probably the 
exposed feeder plug for a now eroded dome (from Goff et al., 2013a).
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Maar Volcanoes and Diatremes
One of the defining characteristics of southwest Mesa Chivato 
is the presence of numerous shallow volcanic depressions or 
“maars” (Aubele et al., 1976; Goff et al., 2014a, b; Table 3) that 
have implications regarding the paleohydrology of the area. We 
have also identified a probable maar on Horace Mesa. Maars 
were previously described northeast of our map in the region 
studied by Crumpler (1977). Maars form from the explosive 
interaction of magma with shallow groundwater producing 
phreatomagmatic (or hydromagmatic) eruptions and deposits 
(Fisher and Schmincke, 1984). Maar volcanoes are circular to 
elongate volcanic craters with encircling tephra ramparts (tuff 
rings) possessing an interior vent that cuts through preexisting 
country rock (Fisher and Schmincke, 1984, p. 258). The maar 
volcanoes in the Mount Taylor region are basaltic and small 
shallow lakes or lagunas (see Appendix 1) occupy many vents 
and/or interior depressions. The only maar in the map area 
currently possessing a real lake is Laguna Redonda; however, 
in this case, the lake is fed by a nearby well.

For this map, unit Qlm is defined as maar crater-fill 
deposits consisting primarily of poorly exposed, organic-rich, 
eolian-derived clay and silt filling the circular vent; during 
wet periods the vent area may contain a shallow lake. We 
identified 27 maar vents and other depressions of various sizes 
(Table 3; see below); most are ≤1 km in diameter. Unit QTvm 
consists of poorly exposed hydromagmatic deposits that 
form around the vent area. The best exposures of QTvm on 
southwest Mesa Chivato occur in the modified drainage at the 
south end of Laguna Cañoneros maar (Fig. 26), where deposits 
consist primarily of plane-parallel base surge beds containing 
a mixture of quenched basaltic (hydroclastic) shards and 

fragments, sideromelane, yellow-brown palagonite, and lithic 
fragments (Fig. 46). Colluvium primarily buries other deposits 
of QTvm which are recognized by a lag of poorly sorted and 
rounded gravel of foreign lithic fragments. Maximum observed 
thickness of QTvm is about 5 m.

A good exposure of maar deposits (unit Thytb, undated) is 
found along the southeast margin of Horace Mesa adjacent to 
Rinconada Basin (Fig. 47). The deposits overlie trachydacite 
tuffs (ca. 2.75 Ma) and are overlain by QTvs. The source 
of the hydromagmatic deposits appears to be an unnamed 
shallow crater to the north that is surrounded by younger lava 
(Qfqtb, 1.64 Ma).

Some “lagunas” or small craters in the Mount Taylor 
region are probably not maars but are instead shallow areas 
between lava flow lobes, along lava flow boundaries, or along 
faults (sag ponds). Examples in order include Laguna Telesfor 
and Blanquita, Laguna del Padre, and Laguna de Frances, 
respectively. Two puzzling small circular depressions about 
320 m in diameter have very uncertain origins because they 
are isolated on top of flat lava flows: Laguna Fria and the 
unnamed depression north of Cerro Colorado (southwest 
Mesa Chivato). Perhaps they are collapse features resulting 
from compaction of underlying soil or gravel, or from the 
collapse of lava tubes. 

Exact ages of the various maar vents and deposits are 
generally unknown but most seem to be late Pliocene to 
early Pleistocene. The hydromagmatic deposits exposed in 
the south drainage of Laguna Cañoneros (Fig. 46) are too 
altered to date without considerable sample preparation. 
However, the age of the deposits (and thus the eruption) is 
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TABLE 3. Maar volcanoes and other strange “lagunas,” in the Mount Taylor volcano area, New Mexico.

Name, quada Dimensions (m)

aCP—Cerro Pelon, LC—Laguna Cañoneros, LS—Lobo Springs

 QTvm deposits, comments  Maar?

Laguna Chute, LC
Laguna Blanca, LC
John Nelson Tank, LC
Laguna Piedra, LC
Unnamed vent, LC
Laguna Bonita, LC
Laguna Cuate (west), LC
Laguna Cuate (east), LC
Laguna Fria, LC
Laguna Cruz, LC
Laguna Redonda, LC
Laguna Largo, CP
Laguna del Padre,  LC 
Unnamed depression, LC
Laguna de Damacio, LC
Unnamed depression, LC
Laguna (unnamed), LC
Laguna de Frances, LC
Laguna Telesfor, LC
Laguna Blanquita, LC 
Laguna Vieja, LC
Laguna Cañoneros, LC
Laguna Bandeja, LC
Laguna Reyes, LC
Laguna Encina, LC
Llanito Frio Tanks, CP
Unnamed vent, LS

lag gravel beneath scoria cones, N edge of map
none obvious
none obvious; present on east end (?), modified vent
ring of boulders around vent
small ring of boulders around vent, pond NE of L. Piedra
none obvious
none obvious; NE-SW migrating vent along buried fault
none obvious; NE-SW migrating vent along buried fault
none obvious
none obvious; present on south end (?)
lag gravel/boulders on SW shore (?)
none obvious, vague deposits; on NE-trending fault  
none obvious; low spot at flow front
none obvious; lag gravel on N shore, pond N of C. Colorado
none obvious; deposits buried around shoreline
none obvious; buried on NE shore, pond S of L. Damacio
lag gravel/boulders on eastern shore, lake in southern quad
none obvious; fault-controlled sag pond
none obvious; low spot between flows
none obvious;  low spot between flow lobes
none obvious
double vent; deposits along S drain
lag gravel/boulders on margins
lag gravel/boulders on margins
none obvious; beds on NW shore (?), E edge of map
lag gravel/boulders on margins
deposits obvious on eastern Horace Mesa

960 x 1600
800 x 1300
950 x 2000
800 x 1100
320 x 650
800 x 1750
1450 x 3050
960 x 2400
320 circle
800 x 1300
560 circle
650 x 1750
320 x 550
320 circle
800 x 1100
550 x 700

1100 x 1350
400 x 1450
650 x 800
330 x 500
500 x 950

1200 x 2550
500 x 800
650 x 1120
800 x 1300
550 x 900
800 x 1450

yes
yes
yes
yes

probable
yes
yes
yes

uncertain
yes
yes

probable  
uncertain
uncertain

yes
uncertain

yes
no

uncertain
no

probable
yes
yes

probable
yes

probable
yes

FIGURE 46. The view looks to the east at the drainage wall on the south end 
of Laguna Cañoneros showing plane parallel beds of basaltic hydromagmatic 
deposits overlying pumice-rich soil. Similar trachydacite pumice found to the 
south is dated at 2.70 Ma. Photo by J.R. Lawrence.

FIGURE 47. The view looks to the northwest at the upper cliff face along 
southeast Horace Mesa: 1) pinkish upper ignimbrite of Grants Ridge rhyolite 
tuff (3.26 Ma), 2) trachydacite tuff (ca. 2.75 Ma), 3) bedded and cross-bedded 
hydromagmatic surge, 4)  massive, poorly bedded hydromagmatic deposits, 
and 5) massive debris flows of QTvs.
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Soil
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FIGURE 48. A panoramic view that looks southwest towards Lagunas Cuates with a younger, overlying lava flow (unit Qftb, 2.28 Ma) flooding between 
the basins. Cerro Redondo's scoria cone (unit Qfocr, 1.90 Ma) and Mount Taylor are on the skyline. Photo by J.R. Lawrence.

constrained by an overlying flow of basanite (unit Tbal, 2.58 
Ma; Fig. 26) and an underlying soil containing trachydacite 
pumice (≥2.70 Ma). We can provide a minimum age on some 
of the other maars from the age of overlying lava flows. For 
example, the age of the two Laguna Cuates maars is older 
than the basaltic flow that floods between them (>2.28 Ma, 
unit Qftb, Fig. 48). Using the same logic, Laguna Reyes is 
>2.14 Ma (age of overlying unit Qfatb), Laguna de Damacio 
is >2.26 Ma (age of overlying lava from Cerro Aguila), etc. 
The hydromagmatic deposits exposed beneath the east side 
of the scoria cone just east of Seboyeta Canyon (unit Totb, 
subunit Toth) formed at 2.83 Ma.

The maar craters are circular to oblong, usually elongated 
in a northeast-southwest direction. A few craters appear to 
be double-maars with adjacent vents located on northeast-
southwest trends. The largest is the western crater of Lagunas 
Cuates, which is 3 x 1.5 km (Fig. 48). The smallest craters, 
such as Laguna Fria, have diameters ≤320 m. An unusual 
characteristic of most maars in the Mount Taylor area is a virtual 
lack of exposed crater rampart and flanking hydromagmatic 
deposits typical of tuff rings and tuff cones (Wohletz and 
Sheridan, 1983; Lorenz, 1986). Except for remnant craters, 
the maar volcanoes are surrounded and buried by younger 
lava flows and scoria cones. In this respect, the Mesa Chivato 
maars resemble eroded scoria cones and volcanic plugs (necks) 
surrounded by younger lavas in the Camargo volcanic field, 
Mexico (Aranda-Gómez et al., 2010). Based on field relations 
and 40Ar/39Ar dates, the Mount Taylor region maar volcanoes 
formed between 1.9 and 3.2 Ma (Goff et al., 2014a, b). As in 
the case of Laguna Cañoneros hydromagmatic beds, we did 
not attempt to date primary magmatic fragments because of 
small grain size, alteration and weathering, and contamination 
with foreign lithics.

Our generalized model in Figure 49 explains the development 
and resulting field relations of the partially buried maars. 
The initial tuff cone/ring is fed from an underlying basaltic 
diatreme and is built on an older surface of lava with or 

without soil. Relatively soon thereafter, a younger eruption of 
lava surrounds the cone/ring before it has completely eroded. 
With time hydromagmatic beds continue to erode, widening 
and filling the crater. We believe that the crater-fill deposits are 
complicated mixtures of eroded hydromagmatic debris, eolian 
silt, and organic-rich lacustrine beds. Near crater walls, blocks 
of eroded younger basalt create coarse talus breccia mixed 
with marginal crater fill. Primary hydromagmatic beds are 
preserved where covered by younger lava and exposed along 
streams that drain the craters. Today, Mount-Taylor-region 
maars are mostly dry, but occasionally contain shallow ponds 
or small lakes (Goff et al., 2014a, b).

A link between a now-eroded maar and its underlying 
diatreme (Valentine and White, 2012) is exposed in Seboyeta 
Canyon cutting southern Mesa Chivato (unit Tmbi, Fig. 50). 
The diatreme contains abundant blocks of Cretaceous rocks 
≤1 m long (Fig. 51). A dike cutting the diatreme is dated at 
3.07 Ma (magnetic polarity is reverse). The elevation difference 
between diatreme and flanking basalt-covered mesas is 400 m. 
Presumably, each Mount Taylor region maar is connected to a 
basaltic root at similar depths.

The Plio-Pleistocene boundary was a period of dramatic 
global climate change from warmer and wetter to drier and 
cooler conditions (Zachos et al., 2001; 2008, fig. 2). Changing 
climate conditions were no different in New Mexico (Morgan 
and Lucas, 1999). Apparently, the Mount Taylor region maars 
formed during wetter conditions predominating in the Pliocene, 
which were normal before 2.5 Ma when groundwater sources 
were more voluminous. During this time period, the high 
mesas were broader and rapid canyon cutting had not ensued 
(Love and Connell, 2005). However, maar activity may have 
continued until almost 1.9 Ma within the limitations of our 
mapped stratigraphy and dates. Consequently, a maar-diatreme 
sequence like Laguna Cañoneros presents an opportunity to 
drill about 400 m of crater-fill deposits and diatreme root to 
investigate maar processes and climate change from present to 
the Plio–Pleistocene boundary.

Mount TaylorCerro Redondo

L a g u n a s C u a t e s
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FIGURE 49. Idealized tuff ring evolution in cross section of older maar crater 
such as Laguna Cañoneros (Fig. 26; see Table 3 for the actual dimensions 
of maar craters). The magma, shown in red, that formed the maar erupted 
through Cretaceous rocks, shown in white, and older lava flows, shown in 
dark blue, that may be covered with soil, shown in tan. The bedded tuff ring 
deposits, shown in pink, associated with the formation of the maar were 
probably ≤80 m high. Later on, the eroded tuff ring deposits were flooded 
by younger lava flows, in light blue. Erosion of the tuff ring caused backfilling 
of the preexisting vent with crater-fill deposits, shown in green (unit QTvm), 
and young lacustrine and/or eolian deposits, shown in yellow (unit Qlm).

FIGURE 50. The view looks to the east at the Seboyeta Canyon diatreme 
(Tmbi); 1) scoria, 2) hydromagmatic, L) lava infill, 3) hydromagmatic, D) dikes 
cutting lava and scoria. Cliffs in background are Cretaceous sandstone and 
siltstone (Gallup Sandstone and Dilco Coal Member). 

FIGURE 51. A large block of “cooked” Cretaceous sandstone about 1 m long 
is exposed on the west side of diatreme.

Water Resources
Because of its elevation, Mount Taylor has relatively high 
rainfall and snowfall, and this water eventually feeds 
numerous cold springs throughout the upper flanks and 
Amphitheater of the volcano. Around the lower flanks, cold 
springs are primarily limited to the contact between the 
volcanic rocks, usually lava flows, and underlying Cretaceous 
sediments. Many of these larger springs are found where 
streams and ravines have cut canyons across this contact. 
Examples include the springs at or near the heads of Seboyeta, 

Bear, Encinal, Seco, Rinconada, La Mosca, San Mateo, El Rito, 
and Lobo Canyons. Most of these springs have flow rates of  
<150 L/min. A few cold springs of low flow rate also occur at 
similar contact horizons north and northeast of Mount Taylor 
on the margins of Mesa Chivato. Within Mesa Chivato, the 
best horizons to exploit water are at the top of Cretaceous 
rocks or lava flow boundaries. We did not measure flow rates, 
measure temperatures, or collect samples for chemical analysis 
of any cold springs in the map area.

Hydrothermal Alteration and Mineralization
Weak hydrothermal alteration is found in many of the volcanic 
units flanking Mount Taylor. Generally, the alteration is pale 
red to pink in color and consists of combinations of clay, silica, 
carbonate, and Fe- and Mn-oxides found in fractures, cavities, 
and vugs. Two small areas of brick-red alteration are found  
in the Gibson Coal Member on the west side of upper Rinconada 
Basin (Fig. 7). The alteration consists of Fe- and Mn-oxides in 
shale and may have been produced by coal fires rather than 
hydrothermal fluids. A 3-m-thick coal bed is found within this 

area. Fe- and Mn-oxides and travertine deposits are found on 
Cretaceous units in the exposed southern core of San Fidel 
Dome (Fig. 52) and just southeast of Devil Canyon dome. The 
San Fidel Dome area also contains faulted silicified limestone 
beds (Fig. 53), and some of the Cretaceous rocks seem to be 
slightly metamorphosed to hornfels. The hornfelsed rocks and 
hydrothermal deposits are probably caused by the intrusion 
of shallow magma, as mentioned previously. 

soil
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Within the Mount Taylor Amphitheater, the hydrothermal 
alteration is relatively weak and inconsistent, although locally 
pervasive. Maximum alteration rank is low-grade propylitic 
(silica, calcite, Fe- and Mn-oxides, chlorite, illite/smectite). 
Widespread silicification and minor Fe- and Mn-oxide 
alteration extend throughout the lower northwest wall and 
areas within and surrounding the eastern rhyolites (unit Tre). 
Significant Fe- and Mn-oxide alteration occurs in Cretaceous 
rocks near the east margin of the gabbro intrusion (Qxgi) 
and within gravels of QTvs adjacent to a prominent dike 
(Thbi) on the northeast side of the youngest trachydacite plug 
(Tqtd). This area of sediments includes zones that resemble 

FIGURE 52. Photograph showing a 0.5-m-wide rib of Fe- and Mn-oxides and 
carbonate cutting Cretaceous rocks in the southern core of San Fidel Dome; 
second author for scale. 

FIGURE 53. The view looks north at a faulted and silicified exposure of Bridge 
Creek Limestone (unit Kmb) in the southern core of San Fidel Dome. 

intrusion breccia (Perry et al., 1990) and contains a few large 
blocks of Cretaceous rocks. Some of the Cretaceous rocks 
exposed in the eastern Amphitheater appear to be slightly 
hornfelsed but thin section examination reveals only slight 
silicification and addition of carbonate. Silica veins where 
observed are thin wisps of chalcedony and opal. We found 
no bonanza quartz veins accompanied by pyrite and/or other 
sulfides anywhere in the map area. Additionally, we found no 
clear evidence for deposition or replacement of epidote that 
generally indicates hydrothermal alteration at temperatures 
≥220°C (Stimac et al., 2015, fig. 46.5).

Geothermal Potential
The geothermal potential of the Mount Taylor region has 
never been adequately evaluated. A blanket assessment of 
geothermal potential in the southern Colorado Plateau states: 
“Although young volcanic features of northern Arizona and 
New Mexico are possible geothermal targets, the (Colorado 
Plateau) province has little identified geothermal potential” 
(Mariner et al., 1982, p. 36). The area around Mount Taylor 
has measured temperature gradients of 25–35°C/km and 
estimated heat flow of ≤2.5 HFU (heat flow units) equivalent 
to about ≤100 mW/m2 (Nathenson et al., 1982). Additionally, 
there are no identified hot or warm springs in the Mount 
Taylor region from which geothermal activity is inferred, and 
subsurface reservoir temperatures are estimated. Finally, the 
age and volume of volcanic rocks in the Mount Taylor region 
are too old and too small (>1.3 Ma and ≤100 km3) to indicate 
much if any high-temperature geothermal potential (T≥200°C; 
Duffield and Sass, 2003, p. 6).

The first author conducted several discussions with 
retired uranium miners at local bars and the Grants, New 
Mexico Mining Museum (2007–2013). These men worked 
around Mount Taylor up until the early 1980s and claimed 

that warm temperatures and warm waters occurred in 
Jurassic rocks deep in the mines, nominally as deep as 
1,500 m. Water as hot as 40°C emerges from the San 
Mateo mine (Mount Taylor mine; J. C. Witcher, geothermal 
specialist, personal communication, 2016). As noted above, 
alteration minerals exposed in Mount Taylor Amphitheater 
do not indicate particularly high past temperatures (probably  
≤160°C; Stimac et al., 2015, fig. 46.5) but obviously, 
magmatic temperatures of about 850°C were achieved in the 
contact zones between intrusions and Jurassic–Cretaceous 
rocks at depth. The intrusive character of the magma 
and their high injection temperatures probably disrupted 
and fractured host rocks creating enhanced permeability 
around intrusion margins (e.g., map cross section B–B’ and  
Fig. 54; Stimac et al., 2015). After central magmatic activity 
ceased around 2.5 Ma, erosion of the Amphitheater created 
a large basin for water recharge. Thus, the subsurface of 
the Amphitheater might be a good location for finding 
geothermal fluids suitable for space heating or other 
low-temperature applications in fractured igneous and 
sedimentary rocks at depths ≥1,500 m.
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FIGURE 54. A conceptual model of a geothermal system associated with a series of domes of rhyolitic and dacitic composition (from Stimac et al., 2015, fig. 
46.4B). This model stresses the interaction of crustal structure and intrusion to localize fluid flow along highly fractured zones. In the Mount Taylor case, the 
magmatic regime should be visualized as a broad “spine” of multiple intrusions and radial dikes. Because centralized magmatic activity at Mount Taylor ceased 
at 2.5 Ma, current subsurface temperatures are considerably lower than those depicted in this model. Instead, present subsurface temperatures probably 
mimic the regional temperature gradient of roughly 30° C/km. As a result, low-temperature geothermal fluids could circulate in the fractured rocks created by 
earlier intrusive activity at depths of about 2 km.
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Conceptual Model of Volcano Evolution
The evolution of the Mount Taylor volcano conceptual model 
was developed through the examination of the cross sections 
on the map, Fig. 9, and Fig. 54. The growth of Mount Taylor 
volcano began around 3.7 Ma and culminated at 2.5 Ma in a 
more-or-less east to west trending, structurally controlled spine 
of trachyandesite, trachydacite, and alkali rhyolite intrusions 
laced with radiating dikes. Intrusion temperatures were 
nominally about 850°C. The many maar volcanoes around 
Mount Taylor provide ample evidence that the late Pliocene 
was relatively wet in northern New Mexico. Thus, ample 
water circulated into the subsurface of the volcano to create a 
small hydrothermal system. The intrusion of multiple magmas, 
the release of acidic volatiles, and concurrent hydrothermal 
alteration weakened the summit area of the original volcano. 
This eventually led to the extensive erosion of the core of the 
volcano forming the proto-amphitheater. Small volume mafic 
eruptions within and on the flanks of the volcano continued 
until 1.26 Ma. Some of this activity prolonged destabilization 

of the edifice (e.g., the intrusion of the 1.97 Myr gabbro plug), 
and further enhanced erosion of the Amphitheater. Directed 
blast explosions (e.g., Mount St. Helens) and Pleistocene 
glaciation had no influence on formation of the Amphitheater.

Peripheral volcanic centers developed around Mount 
Taylor, particularly to the southwest and northeast. The Grants 
Ridge rhyolite center erupted from 3.50–3.18 Ma producing 
a widespread sequence of pyroclastic deposits and multiple 
rhyolite intrusions. Although the younger rhyolites contain 
impressive deuteric alteration minerals, such as topaz, we see no 
evidence that the Grants Ridge center produced a hydrothermal 
system. The Mesa Chivato area contains rocks similar in age 
and composition to the floor rocks at Mount Taylor (Phase I 
and early Phase II). However, this style of volcanism was not 
sustained beyond 2.75 Ma at the latest, and Mesa Chivato 
never developed a stratovolcano similar to Mount Taylor. Other 
peripheral centers to Mount Taylor are relatively insignificant 
in terms of size to produce hydrothermal systems.
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CENOZOIC

QUATERNARY

Disturbed land and/or artificial fill—Areas of modern excavation and associated deposits of compacted, very fine to very 
coarse-sand (often with minor pebbles), silt, and clay around open-pit mines, mine adits, dams, and reservoirs. Numerous, small 
check dams were not included.

Modern stream alluvium—Deposits of gravel, sand, silt, and minor clay in swales associated with modern streams; mostly 
Holocene in age. The maximum thickness of various alluvial deposits is uncertain but may exceed 15 m.

Younger alluvium—Alluvium that lies above modern drainages, underlying surfaces adjacent to modern drainages that are 
located approximately 5–15 m above local base level. The maximum observed deposit thickness about 15 m.

Younger alluvial fan deposits—Undifferentiated deposits of poorly-sorted gravel, sand, and silt emerging from some type of 
hillslope channel, usually in upland settings. The thickness of the deposit usually increases downslope from <1–≤15(?) m.

Alluvial fan deposits in basins flanking Mount Taylor—Poorly sorted fan lobe deposits of gravel, sand, and silt emerging from 
streams draining mountain uplands filling basin margins. The deposits are often intermixed with colluvium in mountain front settings. 
The youngest fan deposits are inset into older deposits, ranging in age from middle(?) Pleistocene (Qf1) (only found capping 
isolated Cretaceous and/or colluvial-covered mesas) to upper Pleistocene to lower Holocene (Qf2–Qf4) to Holocene to modern 
(Qf4–Qf5). The fans generally decrease in thickness with distance from the mountain front, and range from ≥20 m to <1 m thick.

Alluvial stream terrace deposits—Generally strath terraces comprised of moderately to well-sorted alluvial gravel, sand, and 
ilt found above stream alluvial bottoms. Strath elevations increase in height with age, ranging from ≈30–50 m above streams 
for middle(?) Pleistocene terraces (Qt1); to ≈12–25 m for upper Pleistocene terraces (Qt2–Qt3); to ≈2.1–4.5 m for uppermost 
Pleistocene to lower Holocene terraces (Qt4). The thicknesses range from 2 to ≈15 m.

Eolian and/or alluvial sheetwash deposits—Windblown deposits of silt and fine sand, commonly reworked by sheetwash, often 
into a fining-upwards sequence. Alluvial pebbly sand to silt is on various surfaces, but most commonly basaltic-capped plateau 
flanks surrounding the main volcanic edifice. The thickness is typically ≤1 m.

Shallow lake deposits—Fine-grained, poorly exposed deposits of medium- to fine-grained sand, silt, and clay filling shallow, 
small diameter basins on lava flow surfaces and sag ponds along fault traces. The thickness is ≤5 m. Generally, the ponds contain 
water only during rainy seasons.

Colluvium—Poorly sorted slopewash and mass-wasting deposits from local sources; mapped only where extensive or where 
covering critical relations. Colluvium thickness can locally exceed 15 m.

Description of Map Units
Note: Descriptions of map units are listed in approximate order of increasing age. Volcanic units are primarily subdivided into two geographic groups: 
Mount Taylor and southwestern Mesa Chivato. Formal stratigraphic names of Cretaceous units are described by Sears et al. (1941), Lipman et al. 
(1979), Dillinger (1990), and Skotnicki et al. (2012). Field identification of volcanic rocks is based on hand specimens, petrography and chemical data 
published by Hunt (1938), Baker and Ridley (1970), Lipman and Moench (1972), Lipman and Mehnert (1979), Crumpler (1980a, 1980b, 1982), Perry et 
al. (1990), and this report. Names of volcanic units are based on the above chemical data and the alkali-silica diagram of Le Bas et al. (1986). See Goff 
et al. (2008) for a contemporary description of the rocks and geology in the Mount Taylor area. A “C” in the rock description means at least one chemical 
analysis is available for the unit in question. Radiometric 40Ar/39Ar dates are from the NM Tech/NMBGMR laboratory (Socorro) unless otherwise stated. 
We measured magnetic polarities of some basalt specimens by Brunton compass (MPB). All other polarities were obtained with a portable fluxgate 
magnetometer (MPF). Correlations of magnetic polarities with age follow Table 2 from Gee and Kent (2007); N = normal polarity and R = reverse polarity; 
MT = Mount Taylor; AM = Mount Taylor amphitheater.
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Older alluvium—Alluvium that often lies well above modern drainages and is usually not associated with them. Alluvial deposits 
are comprised of poorly to moderately sorted gravel, sand, and silt derived from the reworking of surrounding rocks, including 
volcanics, volcaniclastics, and Cretaceous sediments. The deposits usually occur on broad uplands and ridges, and the maximum 
observed thickness is about 10 m.

Older alluvial fan deposits—Undifferentiated fan deposits of poorly sorted, gravel, sand, and silt found flanking volcanic uplands. 
The thickness usually increases downslope from 1– ≤15(?) m.

Landslides—Poorly sorted debris that has moved chaotically down steep slopes in slumps or block slides. Individual landslide 
ages vary from middle to upper Pleistocene to Holocene and thicknesses can vary considerably.

Maar crater-fill deposits—Poorly exposed, organic-rich, eolian-derived clay and silt filling eroded tuff rings and circular vents. The 
crater fill may contain shallow, ephemeral lake deposits, and the margins may contain larger blocks of eroded basalt and exotic 
pebbles of probable Cretaceous age. The probable thickness is ≤50 m.

Aphyric trachybasalt of Cerro Pelón—Very fine-grained trachybasalt (C) and scoria deposits (Qyatc) having very tiny, sparse 
olivine phenocrysts and sparse quartz xenocrysts in a glassy groundmass. The cone contains two dikes (Qyatd). The flow west 
of the cone is dated at 1.26±0.19 Ma; all flows are ≤30 m thick.

Quartz-bearing trachybasalt—Several cone-and-flow complexes of similar age surrounding Mount Taylor (MT). All consist 
of fine-grained trachybasalt (C) and scoria deposits (Qfqtc) containing sparse olivine phenocrysts and sparse to rare quartz 
xenocrysts. Cerro Ortiz cone contains several dikes (Qfqtd). Thin beds of palagonite-rich hydromagmatic tuff (Qfqth) underlie the 
flow near Cerro Frio. Three flows are dated from 1.53±0.07 to 1.64±0.04 Ma, and the MPB and MPF (measured at five sites) are 
all R. The maximum thickness of the flows is ≤35 m.

Medium-grained trachybasalt—Cone-and-flow complex on the north flank of MT consists of flows and scoria deposits (Qyhc) of 
trachybasalt containing sparse phenocrysts of plagioclase and augite, and sparse xenocrysts of quartz in dense, medium-grained 
trachytic groundmass. A short, north-trending dike (Qyhd) is exposed in canyon wall. The cone is dated at 1.73±0.02 Ma, MPF is 
variable (lightning?). The maximum cone-and-flow thickness is about 80 m.

Xenocrystic trachybasalt—Five cone-and-flow complexes of similar age peripheral to MT are located to the north and northwest.
They consist of medium- to fine-grained trachybasalt (C) and scoria deposits (Qyxtc) having very sparse phenocrysts of olivine, 
plagioclase, and augite, and very rare xenoliths of peridotite and norite (e.g., Goff and Goff, 2013). Some specimens contain 
rare quartz xenocrysts (Baldridge et al., 1996). Scoria may contain additional fragments of trachyandesite, trachydacite, and 
Cretaceous sandstone. Two cones contain NE-trending dikes (Qyxtd). The flows are dated as follows: 1) Quarry basalt flow dated 
at 1.74±0.03, 2) La Cuchilla flow dated at 1.79±0.05 Ma, 3) flow northeast of MT dated at 1.85±0.06 Ma. MPF of these flows are: 
1) Quarry basalt is R, 2) La Cuchilla flow near vent is confused (lightning?) but MPB near the terminus of flow is N, 3) other flows 
are both N and R. The maximum flow thickness is ≤60 m. 

Younger trachybasalt—Several cone-and-flow complexes peripheral to northern MT including Cerro Osha. Complexes consist 
of relatively aphyric lavas and scoria deposits (Qytc) of trachybasalt with rare, very tiny phenocrysts of plagioclase ± olivine. Two 
cones contain northeast-trending dikes (Qytd); southern dike is dated at 2.35±0.03 Ma and MPF is R. The undated flow beneath 
Qyxtb northwest of MT has MPF of N. The unit Qytb also includes a sequence of flows along the northeast edge of the map that 
may be ≤2 Ma. The flows thicknesses are ≤60 m.

Aphyric trachybasalt—Three cone-and-flow complexes peripheral to MT consist of flows and scoria deposits (Qatc) of 
trachybasalt (C) with rare phenocrysts of plagioclase, tiny olivine, and rare quartz xenocrysts. The unnamed cone north of MT 
is dated at 1.76±0.05 Ma. The eroded cone on Horace Mesa fed by impressive dike (Qatd, Goff et al., 2013a, fig. 5) is dated at 
1.80±0.01 Ma. MPF of the dike is N. The Cerro Cuate flow, northeast of MT is dated at 2.18±0.02 Ma. The maximum thickness 
of flows is about 60 m.

Xenocrystic-gabbro intrusive—A circular intrusive plug of fine-grained olivine gabbro (C) within the east sector of the Mount 
Taylor Amphitheater (AM) (Goff et al., 2013b, fig. 3). The plug grades into vesicular basalt towards the top of the intrusion 
(Hunt, 1938) and contains 2% plagioclase phenocrysts in the equigranular groundmass. The plug also contains sparse xenoliths 
of peridotite and norite and is dated at 1.97±0.05 Ma. The plug thickness is about 150 m. The country rocks display weak 
hydrothermal alteration within 200 m of contact. 
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Fine-grained olivine trachybasalt—A single cone-and-flow complex north of MT, which consists of fine-grained trachybasalt and 
a scoria deposit (Qyfoc) with abundant tiny phenocrysts of olivine. The unit is not dated and has a maximum thickness of ≤50 m.

Olivine plagioclase trachybasalt—Two cone-and-flow complexes north of MT, which consist of slightly porphyritic trachybasalt 
and scoria deposits (Qyopc). Both cones contain northeast-trending dikes (Qyopd). Specimens are relatively aphyric, containing 
tiny rare phenocrysts of olivine ± augite, and sparse small phenocrysts of plagioclase. The northerly cone contains rare fragments 
of gabbro and Cretaceous sandstone. The unit is not dated, and the maximum thickness about 60 m.

Basaltic trachyandesite—An eroded cone and short flow of basaltic trachyandesite (C) on the north flank of MT. Phenocrysts 
consist of plagioclase, augite, and hypersthene ± rare olivine. The unit is not dated and the thickness is ≤100 m.

Spotted trachybasalt—Lava flows and scoria deposit (Qystc) northeast of Cerro Osha containing a distinctive trachybasalt that 
is mottled on weathered surfaces.The deposit contains phenocrysts of plagioclase and tiny phenocrysts of olivine. The unit is 
not dated, and the maximum thickness is about 120 m.

Plagioclase olivine trachybasalt—Cone-and-flow complex northeast of MT, which consists of flows and scoria deposit 
(Qypoc) of distinctive, medium-grained trachybasalt (C), containing abundant plagioclase, olivine, and augite phenocrysts. 
The cone contains north-northeast-trending dikes (Qypod). The flow is dated at 2.29±0.06 Ma, and the MPF is R. The 
maximum thickness is about 100 m.

Porphyritic gabbro-bearing trachybasalt—Two cone-and-flow complexes on north and southwest flanks of MT. They consist of 
medium- to fine-grained trachybasalt (C) and scoria deposits (Qyptc) containing sparse small phenocrysts of plagioclase, olivine, 
and augite. Locally, the unit contains gabbroic xenoliths (Goff et al., 2013b). The north complex is dated at 2.30±0.13 Ma, and the 
MPF is R. The maximum thickness of the flows is <25 m.

Fine-grained plagioclase trachybasalt—A cone-and-flow complex northeast of MT, which consists of fine- to medium-grained, 
trachytic trachybasalt (C) and scoria deposits (Qyfpc) having tiny plagioclase and olivine phenocrysts. The dike (Qyfpd) cuts the 
flow south of the cone. The cone is dated at 2.37±0.14 Ma. The cone thickness is about 150 m.

Older xenolith-bearing trachybasalt—A medium-grained porphyritic trachybasalt, in central Horace Mesa, which contains phenocrysts 
of olivine, plagioclase, and augite, and very rare xenoliths of gneiss and peridotite; The unit is not dated, and the thickness is <40 m.

TERTIARY—Pliocene

Trachybasalt and basalt: undivided—A lumped unit that consists of mafic rocks south of MT loosely equivalent to the “upper 
basalt” of Lipman and Moench (1972). The unit groups many flows, scoria cones (QTubc), and dikes (QTubi) of variable 
composition and texture. Most are trachybasalt (C); at least two flows and one cone complex contain peridotite and gabbro 
xenoliths. Two flows are dated at 2.22±0.06 and 2.75±0.03 Ma, respectively but most flows are probably Pliocene. The MPF of 
three flows is N; and another flow is R. The thickness is highly variable.

Volcaniclastic sedimentary rocks—Debris flows, hyperconcentrated flows, and fluvial deposits shed from the MT stratovolcano 
during its growth. The flows and deposits underlie and interlayer with a multitude of flows, domes, and cones peripheral to MT. 
The unit is interlayered with many tuffs (Twst, Trt, Ttdt). The basal contact is gradational with older fluvial deposits (Tvss). Most 
deposits are Pliocene, and the maximum thickness is >200 m.

Porphyritic enclave- and quartz-bearing trachyandesite—Trachyandesite to trachydacite flows (C) on the southwest margin 
of the AM, which have abundant volcanic enclaves up to 50 cm in diameter in the devitrified matrix. The northeast part of the 
unit appears to be intrusive. The lavas contain 10–15% phenocrysts of large sanidine, plagioclase, augite, hornblende, biotite, 
and conspicuous resorbed quartz. The flows are dated at 2.50±0.07 Ma, and the MPF is R. The maximum thickness is >200 m.
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Porphyritic trachydacite of Spud Patch—A satellite eruption of devitrified to glassy trachydacite flows (C) that erupted north 
of MT is composed of upper (Tsptdu) and basal (Tsptdl) map units. They both contain 15–20% phenocrysts of large sanidine, 
plagioclase, augite, hornblende, and biotite with enclaves of intermediate composition volcanic rocks. The upper unit dated at 
2.53±0.06 Ma. The MPF (measured at three sites) is R. The maximum thickness is roughly 200 m.

Porphyritic quartz-bearing trachydacite of Amphitheater—An irregular-shaped intrusion of porphyritic trachydacite to alkali 
rhyolite (C) in the western part of the AM containing phenocrysts of sanidine, plagioclase, augite, hornblende, biotite, and minor 
quartz in a devitrified trachytic groundmass. The unit contains dikes (Tqtdi) of similar composition and texture with sparse 
enclaves of mafic volcanic rocks. Unit dates range from 2.54±0.02 to 2.58±0.02 Ma, and the MPF (measured at two sites) is R. 
The thickness exceeds 200 m.

Hornblende trachyandesite—A lumped unit of porphyritic trachyandesite satellite vents (Thtav) and various flows (C) southwest 
of, and on the south margin of MT. The vents and flows display rare-to-sparse megacrysts of resorbed hornblende (≤5 cm) in 
a devitrified groundmass. The phenocrysts consist of plagioclase, augite, magnetite, olivine, hypersthene, and hornblende, and 
may contain plagioclase-pyroxene clots. The satellite eruption is dated at 2.60±0.10 Ma, the flow beneath the summit is dated at 
2.70±0.02 Ma, and the other flows are older. The MPF of both dated sites is N. The thickness is ≤275 m.

Summit hornblende trachyandesite—Several flows comprising the summit and west margin of MT. The flows contain  phenocrysts 
that consist of plagioclase, augite, hypersthene, hornblende, sparse biotite, and minor sanidine in devitrified groundmass. They 
contain rare, small (≤10 mm) hornblende megacrysts. The flows are dated at 2.73±0.01 Ma, and the MPF is confused (lightning?). 
The thickness of the exposed flows is >215 m.

Trachyandesite: undivided—Multiple flows of porphyritic lavas found on the flanks of MT. Phenocrysts consist of plagioclase, 
clinopyroxene, and magnetite ± hypersthene. Various flows are not dated, however, the knob south of MT summit is dated at 
2.66±0.31 Ma, the MPF (measured at two sites) is N. The thickness of the flows is ≤100 m.

Augite-megacrystic basalt—Fine-grained basalt (C) and scoria deposits (Tocc) that are located several km southwest of MT, 
which contain sparse resorbed megacrysts of augite (≤1 cm). Included phenocrysts consist of olivine, plagioclase, augite, and 
magnetite. A fissure and dike (Tocd) extend from the northeast side of the eroded scoria cone. The unit is dated at 2.62±0.01 
Ma, and MPF is confused (lightning?). The maximum thickness is about 100 m.

Porphyritic-hornblende trachydacite of San Jose Canyon—Satellite dome-and-flow complex roughly 15 km south of MT is 
equivalent to the porphyry of San Jose Canyon (Lipman et al., 1979). The flow is characterized as flow-banded porphyritic lava 
with large phenocrysts of plagioclase and smaller phenocrysts of hornblende and augite. The flow contains mafic enclaves of 
plagioclase, augite, hornblende, opaque oxides, and tiny olivine (?). The unit is dated at 2.63±0.10 Ma. The thickness is about 55 m.

Trachybasalt of Cerro Colorado (La Jara Mesa)—Weakly porphyritic trachybasalt and scoria deposits (Tyotc) containing 
sparse small phenocrysts and cumulate clusters of plagioclase, olivine, and trace augite. The cone contains northeast-trending 
dikes (Tyotd) that are dated at 2.64±0.01 Ma, and the MPF is N. The thickness is ≤30 m.

Hornblende trachydacite—Satellite eruption northwest of MT that is composed of massive to sheeted, porphyritic trachydacite 
(C) containing phenocrysts of plagioclase, augite, and minor hornblende. The unit is dated at 2.66±0.02 Ma, and MPF is N. The  
thickness is nearly 200 m.

Porphyritic-biotite trachydacite—Massive to sheeted, porphyritic trachydacite (C) on the northeast margin of the AM containing 
phenocrysts of sanidine, augite, biotite, sparse hornblende, rare quartz, and opaque oxides in devitrified groundmass. The unit is 
dated at 2.66±0.01 Ma, and MPF is N. The thickness is about 350 m.

Porphyritic basaltic trachyandesite—Massive, stubby flow with broad dike on the north margin of the AM. The flow consists of 
porphyritic basaltic trachyandesite (C) containing phenocrysts of augite, plagioclase, and rare olivine. The unit is not dated and 
has a maximum thickness of about 110 m.
Olivine-rich basalt—Flows and scoria deposits (Tooc) of basalt (C) found northeast of MT that contain conspicuous olivine, 
plagioclase, and augite phenocrysts. The eroded cone is cut by north-northeast-trending dike (Tood) and the cone is dated at 
2.67±0.12 Ma. The maximum thickness is about 50 m.

Porphyritic-olivine trachyandesite—Satellite eruption northeast of the AM consisting of a highly porphyritic trachyandesite to 
trachydacite (C), which contains abundant large phenocrysts of plagioclase and tiny phenocrysts of olivine, augite, plagioclase, 
and sparse biotite in a very fine-grained, devitrified groundmass. The lavas contain sparse enclaves of plagioclase-augite that are 
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≤12 cm in diameter. Two flows are dated: the flow near the vent is dated at 2.68±0.04 Ma, and the flow near the toe is 2.67±0.01 
Ma. The thickness is about 75 m.

Porphyritic-biotite-hornblende trachydacite: undivided—A lumped unit consisting of a satellite dome, a small plug, and several 
flow-and-intrusive complexes that are located on the northwest, southwest, east, and west margin of MT and the northwest wall of 
AM. All consist of massive to sheeted trachydacite (C) containing phenocrysts of plagioclase, sanidine, hornblende, biotite, and augite 
in trachytic groundmass. The satellite dome is dated at 2.66±0.01 Ma, and the MPF is N. The plug is dated at 2.68±0.03 Ma, and 
the MPF is N. The flow east of the intrusive complex in the bottom of the upper Rinconada Canyon is dated at 3.26±0.20 Ma, and 
the MPF is N. The Rinconada Canyon flow is dated at 2.72±0.04 Ma, and the MPF is N. The thickness of these deposits is variable.

Very porphyritic-biotite-hornblende trachydacite—North-northwest-trending flow, dike, and plug complex in the north 
wall and margin of the AM, which consists of porphyritic trachydacite (C) containing large phenocrysts of plagioclase and 
smaller biotite, hornblende, rare sanidine, quartz, and opaque oxides in a trachytic devitrified groundmass. The dike is dated at 
2.67±0.01 Ma. The maximum thickness is about 150 m.
Coarse porphyritic trachydacite—A satellite dome-and-flow complex on two hills east-southeast of the AM, which consists of 
coarsely porphyritic trachydacite containing large sanidine, augite, and sparse magnetite phenocrysts in a devitrified groundmass.
The complex is dated at 2.70±0.04 Ma. The thickness is about 210 m.

Porphyritic-biotite trachydacite of "La Mosca"—A massive to sheeted, porphyritic trachydacite (C) containing phenocrysts of 
sanidine, plagioclase, augite, and biotite in granular to trachytic, devitrified groundmass, which contains rare plagioclase-augite-
biotite clots. The unit also contains a prominent, north-northwest-trending intrusion (Tpbti) of similar composition. The intrusion is 
dated at 2.71±0.03 Ma, and its thickness is about 500 m. 

Platy trachyandesite: undivided—A platy to massive, slightly porphyritic trachyandesite (C) containing phenocrysts of plagioclase, 
augite, and olivine in a trachytic devitrified groundmass. The unit contains rare quartz xenocrysts; contains plagioclase-augite-
olivine clots. The eroded cone (Tbtac) lies on ridge to the east and may be the source of trachyandesite flows to the west. The 
undivided units are not dated. The thickness is about 170 m.

Sugary enclave trachydacite—Porphyritic, glassy to devitrified trachydacite (C) northwest of "La Mosca" that is composed of two 
map units: 1) a basal unit (Tsetdl) containing 15–20% phenocrysts of plagioclase, augite, hornblende and biotite, and 2) an upper 
unit (Tsetdu), which has similar phenocrysts that are set in a sugary matrix. Both units contain conspicuous mafic enclaves. The 
upper unit is dated at 2.71±0.06 Ma, and the MPF is N. The thickness is about 250 m.

Slightly porphyritic-biotite trachydacite—Platy flows of slightly porphyritic trachydacite (C) on the north margin of the AM, 
which contains 2–4% small plagioclase, biotite, and augite phenocrysts. The unit is not dated and the flow thickness is about 
215 m.

Porphyritic trachyandesite: undivided—A lumped unit of massive to sheeted, porphyritic trachyandesite flows (C) from multiple 
vents having phenocrysts of plagioclase, augite, hornblende, rare olivine, and opaque oxides in a devitrified groundmass. Some 
flows have small hornblende megacrysts. The unit may contain thin beds of QTvs. Lava from the north AM rim is dated at 
2.63±0.07 Ma; other flows are older. The thickness is about 330 m.

Trachydacite: undivided—Porphyritic trachydacite flows in small canyons southeast of Horace Mesa and east-northeast of the 
AM. The flows contain 15–20% crystals of biotite, plagioclase, hornblende, and sparse quartz, and contains rare megacrysts of 
augite. One flow is dated at 2.79±0.14 Ma. The thickness  is about 40 m.

Porphyritic-augite trachyandesite—Massive to sheeted flows of trachyandesite in the north margin of the AM with conspicuous 
megacrysts of augite. The flows contain phenocrysts of plagioclase, augite, and rare olivine. The unit is not dated and the 
thickness is about 50 m.

Porphyritic-biotite trachyandesite—Massive flows of trachytic, devitrified trachyandesite that are located north of the AM containing 
large plagioclase, conspicuous biotite, augite, and sparse olivine phenocrysts. The unit is not dated and the thickness is ≥160 m.

Porphyritic-hornblende-rich trachydacite—Distinctive, massive, porphyritic trachydacite (C) located on the south rim of AM, which 
contains abundant phenocrysts of hornblende, plagioclase, augite, magnetite, sparse biotite, and sparse sanidine in a devitrified 
groundmass. The unit also contains small plagioclase-magnetite-augite clots. The unit is not dated and the thickness is  ≤200 m.

Older gabbro-bearing trachybasalt—Medium-grained trachybasalt (C) and scoria deposits (Togtc) on southern Horace Mesa 
containing phenocrysts, which consist of abundant small olivine, plagioclase, and augite. The deposits contain rare cumulate clots 
of plagioclase-olivine-augite. The unit is not dated and the thickness is about 35 m.
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Aphyric basaltic trachyandesite—Flows and scoria deposits (Tobtc) of basaltic trachyandesite (C) at the head of Lobo Canyon. 
The unit contains tiny phenocrysts of plagioclase, augite, and olivine in a glassy, aphyric groundmass. The unit also contains rare 
quartz xenocrysts. The unit is not dated, and the thickness is about 75 m.

Hydromagmatic trachybasalt—Beds of granular, quenched, glassy trachybasalt on the southeast cliffs of Horace Mesa. The 
trachybasalt contains small phenocrysts of olivine, plagioclase, and augite. The glass in the unit shows minor palagonite alteration. 
The beds are planar to wavy and contain lithic clasts of volcanic rocks. The source of the eruption is probably from shallow crater 
to the north (Qlm, e.g., Goff et al., 2014a,b). The unit is not dated, and the thickness is about 10 m.

Older megacrystic trachybasalt—Several cone-and-flow complexes surrounding MT that are of a similar age and mineralogy. 
The complexes consist of fine-grained trachybasalt (C), scoria deposits (Tomtc), and dikes (Tomtd) containing conspicuous, large 
(≤1.5 cm) megacrysts  of augite, plagioclase, and olivine (e.g., Lipman et al., 1979). Phenocrysts in the flow consist of plagioclase, 
olivine, augite ± hypersthene, and may contain quartz xenocrysts. The complex on La Jara Mesa contains hydromagmatic 
deposits (Tomth). The eroded cone south of MT contains rare blocks of fine- to medium-grained olivine gabbro (Goff et al., 
2013b). The flow near Cerro Pelón is dated at 2.64±0.10 Ma. The La Jara Mesa flow is dated at 2.77±0.06 Ma. The Rinconada 
flow is dated at 2.79±0.06 and 2.78±0.03 Ma. The MPF of all sites is N. The maximum thickness is about 80 m.

Older fine-grained trachybasalt—A small plug-like body and associated flows of massive olivine trachybasalt in the lower east 
walls of the AM and the west side of Water Canyon contain small phenocrysts of olivine and augite; plug contains fragments of 
altered rhyolite. The unit is not dated, and the thickness is about 35 m.

Porphyritic-plagioclase trachydacite—A massive, thick flow of trachydacite (C) south of the AM contains 15–20% large 
phenocrysts (≤2.5 cm) of plagioclase and smaller phenocrysts of augite, biotite, magnetite, and minor sanidine in a fine-grained 
trachytic groundmass. The flow is dated at 2.78±0.05 Ma and the MPF is N. The thickness is about 200 m.

Plagioclase basalt—Classic “big feldspar or plagioclase basalt” of Baker and Ridley (1970), Lipman et al. (1979), and Perry et 
al. (1990). The basalt consists of massive to vesicular trachybasalt (C) flows on the north and south flanks of the AM. The flows 
contain 10–20% laths of plagioclase (≤2.5 cm) and smaller phenocrysts of plagioclase, olivine, and augite in glassy matrix. The 
flows to the south are dated at 2.76±0.06 Ma; the north flows are dated at 2.79±0.04 Ma. The thickness is about 150 m.

Plagioclase basalt of Cañon Seco—One of several highly porphyritic, plagioclase-phyric mafic lavas previously called 
“plagioclase basalt.” The massive to vesicular flow of basaltic trachyandesite (C) is found in Cañon Seco area south of the AM. 
The flow contains phenocrysts of large plagioclase and smaller olivine and augite in a medium-grained matrix. The unit is not 
dated, and the thickness is about 100 m.

Plagioclase basalt of Water Canyon—A massive, highly porphyritic, plagioclase-phyric mafic lava exposed in the northeast 
wall of the AM, in walls of Water Canyon, and adjacent areas to the west. The flow consists of trachyandesite (C) containing 
phenocrysts of large plagioclase but smaller phenocrysts of augite and rare olivine in a medium-grained groundmass. The unit is not 
dated, and the thickness is about 100 m.

Plagioclase basalt south of San Mateo—Massive to vesicular basaltic trachyandesite (C) and scoria deposits (Tpbmc) having 
abundant large phenocrysts of plagioclase and much smaller phenocrysts of olivine and augite. The unit is not dated, and the 
thickness is about 75 m.

Porphyritic plagioclase-rich trachyandesite—Massive flows on the mesa to the south of San Mateo and a poorly exposed 
flow north of Cerro Aguila. The flows consist of highly porphyritic trachyandesite (C) containing large phenocrysts of plagioclase 
and smaller phenocrysts of augite, olivine, and magnetite. The flow south of San Mateo is dated at 2.86±0.04 Ma. The maximum 
thickness is about 75 m.

Porphyritic enclave-bearing trachydacite—Thick flows of porphyritic trachydacite (C) on the west margin of the AM having 
conspicuous mafic enclaves up to 50 cm in diameter, especially in the lower flows. They contain sanidine, plagioclase, augite, 
hypersthene, and biotite phenocrysts in a devitrified groundmass. The flows are dated at 2.81±0.04 Ma and the MPF is N. The 
thickness is about 250 m.

Coarse-porphyritic trachyte—Very coarse-grained porphyritic lavas in the southwest wall of the AM and beneath the west 
flank of MT. The flows consist of trachyte (C) with roughly 50% large (≤3 cm) phenocrysts of sanidine in a felty, trachytic matrix 
of sanidine, plagioclase, augite, and magnetite. The flow erodes like weathered syenite. The lava on the west flank is dated at 
2.82±0.08 Ma. The thickness is about 80 m.

Biotite-hornblende trachyte—A plug-like body of slightly porphyritic trachyte (C) on the south flank of MT, which contains small 
phenocrysts of sanidine, biotite, augite, hornblende, and magnetite in trachytic groundmass of plagioclase and hornblende (?). 
The plug contains small mafic enclaves, and is dated at 2.83±0.04 Ma. The thickness is about 200 m. 
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Upper biotite trachydacite—A massive flow southeast of the AM of slightly porphyritic trachydacite with 2–4% phenocrysts of small 
plagioclase, augite, and biotite in a devitrified trachytic matrix. The unit is not dated, and has a maximum thickness of about 100 m.

Lower biotite trachydacite—A massive flow beneath and resembling Ttdu. Volcaniclastic gravel (QTvs) separates the upper 
and lower biotite trachydacite units. The lower flow contains conspicuous mafic enclaves, and contains at least one dike (Ttdld). 
The unit is not dated, and the thickness is about 150 m.

Porphyritic-biotite trachydacite—A thick, massive flow exposed in the lower northeast wall of the AM contains abundant 
phenocrysts of plagioclase, augite, biotite, and hornblende(?) in a devitrified groundmass. The unit is not dated, and the 
thickness is about  120 m.
Porphyritic intermediate-composition volcanic rocks: undivided—Poorly exposed flows in the walls of the AM. The float 
generally contains phenocrysts of plagioclase, augite, hornblende, and/or biotite. The thickness is ≤300 m.

Porphyritic mixed lava—A unit several km south of MT described as “distinctive bulbous flow or intrusion” (Lipman et al., 1979), 
which consists of porphyritic trachydacite mixed with variable amounts of fine-grained, slightly porphyritic, basaltic enclaves. 
The trachydacite phenocrysts are sanidine, plagioclase, augite, hornblende, and rare quartz. The mafic component contains 
plagioclase, augite, hypersthene, and olivine phenocrysts The unit is not dated, and the thickness is about 280 m.
Basaltic-rich volcaniclastic gravels—Fluvial deposits containing primarily subrounded- to rounded-clasts of basalt, trachybasalt, 
and subordinate intermediate composition volcanic rocks. The deposits contain minor cobbles of rhyolite, chert, and Precambrian 
crystalline rocks. The unit is unique to the southwest part of Horace Mesa. The thickness is ≤25 m.

Volcaniclastic sandstone—Fine- to coarse-grained fluvial sandstone containing small clasts and grains of quartz, plagioclase, 
olivine, augite, chert, pumice, and various types of mafic and intermediate composition volcanics. The unit may contain thin-beds 
of trachydacite or rhyolite tuffs, which are too thin to map. The sandstone occupies shallow channels cut into the earliest lava 
flows and underlies and interlayers with QTvs. The thickness is ≤35 m.

Older olivine trachybasalt—Flows and scoria deposits (Tootc) of borderline basalt/trachybasalt (C) with conspicuous olivine and 
sparse plagioclase and augite phenocrysts. The unit has a reported date of 2.89±0.07 Ma (Perry et al., 1990), and was redated 
twice at 2.86±0.13 and 2.94±0.12 Ma from two different sites. The MPF for all sites is N, and the thickness is >50 m.

Trachydacite tuffs—Beds of trachydacite (C) pumice fall, pyroclastic flow, and reworked pumice scattered all around MT. The 
tuffs contain phenocrysts of plagioclase, augite, biotite ± hornblende ± sanidine in a eutaxitic groundmass. Four dates range from 
2.700±0.002 to 2.79±0.09 Ma. The maximum tuff thickness is ≤ 15 m.

Tuffs of Water and San Mateo Canyons: undivided—Bedded tuffs and tephras of rhyolite to trachydacite composition with 
interlayered volcaniclastic sands and gravels. The tuffs consist of pyroclastic fall and flow deposits that are ≤4 m thick. Rhyolitic 
tuffs are most common toward base of the unit. Five dates were obtained for the unit, which range from 2.74±0.03 to 3.04±0.12 
Ma. The maximum thickness is about 200 m.

Landslide deposit—Unsorted debris that forms a discontinuous layer in the upper part of Marquez Canyon. The deposit consists 
of angular trachydacite blocks, which are 3–4 m in diameter on top of boulder- to cobble-sized volcaniclastic debris. The unit is 
intercalated within Twst. The thickness is 6–12 m.

Rhyolitic tuffs—Beds of rhyolitic (C) pumice fall and reworked pumice from separate sites all round MT. Continuous beds are 
exposed in the cliffs above San Mateo and may include thin beds of Grants Ridge Tuff in the bottom of the cliff exposures. 
The tuffs contain phenocrysts of quartz, sanidine, biotite, and augite. A bed south of San Mateo is dated at 3.08±0.20 Ma. The 
thickness of the individual beds is usually <3m.

East Amphitheater biotite rhyolite—A massive to flow-banded, fine- to medium-grained, biotite rhyolite (C). The unit probably 
consists of multiple intrusions where porphyritic varieties contain quartz, sanidine, biotite, augite, and plagioclase. Some types of 
intrusions contain only sparse quartz, sanidine, and biotite. Locally, the unit displays intense silicification. The rhyolite is dated at 
2.91±0.04 Ma. The thickness is about 200 m.

West Amphitheater biotite rhyolite—Flow-banded to spherulitic to massive rhyolite (C) containing small phenocrysts of quartz, 
sanidine, biotite, augite, plagioclase, and minor hornblende. The unit may show hydrothermal alteration from later intrusions. The 
rhyolite is dated at 3.03±0.11 Ma (Perry et al., 1990), and the thickness is about 200 m.

Fine-grained trachyte—An eroded and dissected plug of fine-grained trachyte (C) in the eastern part of the AM, which contains 
rare-small phenocrysts of plagioclase in a trachytic groundmass. The plug is dated at 3.14±0.01 Ma, and the thickness is about 120m.

Amphitheater basanite—Two flows of fine-grained to aphyric basanite (C) that are exposed in the eastern part of the AM and 
Water Canyon, which contain extremely small phenocrysts of iddingsitized olivine in a glassy to devitrified groundmass. The flows 
are dated at 3.22±0.04 Ma, and the thickness is about 65 m.

Older alkali basalt—Multiple flows of fine- to medium-grained, olivine basalt (C; Lipman and Moench, 1972), which contains 
small phenocrysts of olivine and very rare phenocrysts of plagioclase and augite. The basalt is most common in Water Canyon 
and the eastern part of the AM. A small plug and flow are also found in upper Rinconada Canyon. Two dates have been obtained 
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for different locations and are from 3.16±0.03 to 3.21±0.12 Ma. The MPF (measured at the two sites) is N and R, respectively. 
The flow thickness is ≤35 m.

Older porphyritic trachybasalt—Flows and scoria deposits (Toptc) of medium-grained, porphyritic basalt/trachybasalt that are 
located in the southwest part of Horace Mesa (C) and upper cliff of Lobo Canyon. The flows contain conspicuous olivine and 
plagioclase phenocrysts. This unit is not dated, and the MPB is N. The thickness is about 35 m. 

Older trachybasalt: undivided—A lumped unit consisting of older, primarily fine-grained to aphyric trachybasalt and scoria 
deposits (Totc) surrounding MT and underlying most of southern Mesa Chivato. Some scoria cones contain dikes (Totd). One 
cone near the east edge of the map is partially underlain by hydromagmatic deposits (Toth). Most flows contain some olivine 
phenocrysts. The flow in the upper Seboyeta Canyon is dated at 2.83±0.02 Ma, and the MPB is N. Two flows northwest of MT 
are dated at 3.20±0.05 and 3.31±0.08 Ma, and the younger flow has MPB of R. The flow in the southwest part of Horace Mesa 
has a date of 3.24±0.09 Ma (Laughlin et al., 1993). The maximum thickness of the unit is about 45 m.

Grants Ridge rhyolite tuff—Bedded, rhyolitic, pyroclastic fall, flow, and surge deposits. The upper pyroclastic beds have 
abundant aphyric obsidian clasts (C). Pumice clasts (C) are glassy to slightly devitrified with very rare phenocrysts of tiny sanidine. 
Lithics consist of Precambrian granite and gneiss, chert, sandstone, limestone, and rare basanite. The tuff is dated at 3.26±0.04 
(obsidian) and 3.33±0.07 Ma (sanidine in pumice). The maximum thickness is about 110 m.

Grants Ridge rhyolite center—Multiple eruptions of sparsely porphyritic rhyolite (C) containing phenocrysts of sanidine, 
plagioclase, rare quartz, and very sparse biotite. Lavas are massive to flow-banded. The unit contains some spherulitic zones. 
Locally, it contains mariolitic cavities with quartz, alkali feldspar, hematite, garnet, and topaz. The northern, lower flank of the dome 
contains sparsely porphyritic obsidian. The devitrified zone on the southeast side is dated at 3.18±0.01 Ma, and the MPF is N. 
The obsidian is dated at 3.498±0.003 Ma. The maximum thickness of the complex is >100 m.

West olivine basanite—A fine-grained, massive to sheeted basanite (C) with tiny microphenocrysts of iddingsitized olivine and 
sparse magnetite. Commonly, the basanite has a spotted appearance on weathered surfaces. A vent of scoria and spatter (Tbac) 
is exposed at the head of Lobo Canyon.The unit is dated at 3.64±0.15 Ma, and the MPF is R. The thickness is about 40 m.

East olivine basanite—A fine-grained, nearly aphyric basanite (C) with small phenocrysts of plagioclase and iddingsitized 
olivine. Weathered surfaces are distinctly to vaguely spotted. The upper part of the unit is massive to rubbly, while the lower part 
is columnar. It is dated at 3.72±0.02 Ma, and the MPF is R. The thickness is about 45 m.

QUATERNARY

Porphyritic-olivine basalt of Cerro Redondo—A massive to vesicular, fine-grained basalt (C) and scoria deposits (Qfocr), which 
contain 15% phenocrysts of olivine, plagioclase, and augite near the vent. The basalt also contains 1–2% olivine phenocrysts 
near the flow terminus. There is a dike-like mass in the summit of the cone, which is dated at 1.90±0.03 Ma, and the MPB is N 
(measured at three sites). The thickness is about 35 m.

Medium-grained, plagioclase- and augite-phyric trachybasalt—Massive flows and scoria deposits (Qmpcc) located 
southwest of Laguna Redonda, which consists of trachybasalt with phenocrysts of plagioclase and augite. The cone contains 
an eroded dike (Qmpcd) that is trending N40E. The unit not dated. The MPB of the dike is R, and the MPB of the flow is N. 
The thickness is about 40 m.

Gabbro-bearing olivine trachybasalt—A porphyritic-olivine trachybasalt flow (C) and scoria deposits (Qantc) on the northeast 
edge of the map containing enclaves of gabbro, anorthosite, and minor peridotite (Goff et al. 2013b). The phenocrysts consist 
of olivine and scattered augite and plagioclase. The unit not dated, and the MPB is N, suggesting an age between 1.77 and 
1.95 Ma. The thickness is about 45 m.

Medium-grained, aphyric trachybasalt—Flows and scoria deposits (Qmac) of trachybasalt underlying the east side 
of Cerro Redondo. The flows have trachytic texture caused by aligned plagioclase microphenocrysts, and contain tiny 
phenocrysts of augite and olivine. The unit is not dated, and the MPB is R suggesting an age >1.95 Ma (Gee and Kent, 
2007). The thickness is about 60 m.
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Fine- to medium-grained, plagioclase-phyric trachybasalt—Fine- to medium-grained trachybasalt (C) and scoria deposits 
(Qfplc) on the northeast edge of the map with conspicuous trachytic texture, which contains small phenocrysts of plagioclase, 
augite, and olivine. The cone contains a northeast-trending, poorly exposed dike (Qfpld). The unit is dated at 2.13±0.01 Ma, and 
the MPB is R. The thickness is about 75 m.

Younger fine-grained, aphyric trachybasalt—Extremely fine-grained, aphyric trachybasalt (C) and scoria deposits (Qfatc) 
containing no phenocrysts. The cone contains northeast-trending dikes (Qfatd). The unit is dated at 2.14±0.02 Ma, and the MPB 
is N. The thickness is about 100 m.

Younger olivine trachybasalt—Massive flows and scoria deposits (Qyoc) of fine-grained trachybasalt (C) containing 2–4% 
olivine phenocrysts. The flows may have a felty texture. The three cones contain several north-northeast-trending dikes (Qyod). 
The unit may contain plagioclase and augite megacrysts. The western flow is dated at 2.18±0.06 Ma. Overall thickness is about 
70 m.

Fine-grained, plagioclase-phyric trachybasalt—Flows and scoria deposits (Qfptc) northeast of Cerro Cuate; consist of fine-
grained trachybasalt with trachytic texture. The unit contains rare phenocrysts of augite and olivine. The unit is not dated, and 
the thickness is about 65 m.

Medium-grained, plagioclase-phyric trachybasalt—Flows and a small scoria cone (Qmptc) located near the northeast edge 
of the map. The flows consist of medium-grained, plagioclase-phyric trachybasalt with tiny phenocrysts of augite and olivine. The 
cone contains a north-trending dike (Qmptd). The unit is not dated, and the thickness is about 40 m.

Fine-grained, quartz-bearing olivine basalt of Cerro Aguila—Flows and scoria deposits (Qfoqc) of fine-grained basalt/
trachybasalt (C) having small phenocrysts of olivine and sparse xenocrysts of quartz. The scoria cone has several arcuate and 
linear dikes (Qfoqd). The lava southeast of the cone is dated at 2.25±0.01 Ma, and the MPB is R; the dike in the cone is dated 
at 2.27±0.01 Ma. The maximum thickness is about 85 m.

Younger fine-grained, plagioclase trachybasalt—Flows and scoria deposits from two cones (Qftc) located west and southwest 
of Cerro Cuate, which consist of very similar, aphyric, aphanitic trachybasalt having a felted groundmass of very fine-grained 
plagioclase, augite, and minor olivine. The south cone has several dikes (Qftd). The flow is dated at 2.28±0.07 Ma, and the 
thickness is about 50 m.

Porphyritic-augite-olivine basalt—Flows of very distinctive, medium- to coarse-grained, porphyritic basalt (C) and the associated 
scoria cone (Qcopc), which is located west of Cerro Cuate. The flows contain abundant phenocrysts (5–15%) of augite, olivine, 
and plagioclase, and may contain trace xenocrystic quartz. Weathered surfaces are often speckled. The unit is dated at 2.31±0.06 
Ma, the MPB is R, and the thickness is about 30 m.

Medium-grained, sparsely porphyritic-olivine trachybasalt—Flows and scoria deposits (Qmpoc) located southeast of 
Cerro Redondo, which consist of medium- to fine-grained trachybasalt with small sparse-phenocrysts of olivine and very 
sparse-small phenocrysts of plagioclase and augite. The cone contains a NE-trending dike (Qmpod). The unit is not dated, 
and the thickness is about 35 m.

Fine-grained, aphyric trachybasalt south of Laguna Bandeja—Fine-grained, aphyric trachybasalt and scoria deposits (Qafc) 
with visible microlites of plagioclase. The flow contains no phenocrysts. The prominent scoria cone on the northeast edge of 
the map contains two dikes (Qafd). The scoria cone and flows are cut and incised by the spectacular maar of Laguna Bandeja. 
While the unit is not dated, the MPB = R (measured at one site), which suggests an age <2.58 Ma (Gee and Kent, 2007). The 
thickness is about 50 m.
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Quartz-bearing, olivine trachybasalt—A massive to vesicular trachybasalt (C) capping the small mesa east of Bear Canyon, Rio 
Paguate, which contains conspicuous olivine phenocrysts, possibly some disaggregated peridotite, and rare quartz xenocrysts. 
The unit is dated at 2.32±0.01 Ma, and the MPB is confused (lightning?). The thickness is about 20 m.

Fine-grained, augite-bearing olivine basalt—Flows and scoria deposits (Qfcoc) located southeast of Cerro Redondo, which 
consist of fine-grained olivine basalt(?), containing sparse, large phenocrysts of augite. The cone contains a pond of basalt on 
the western summit and eroded, northeast-trending dikes (Qfcod) on the east summit. The unit is not dated, and the MPB is R 
suggesting an age >1.95 Ma (Gee and Kent, 2007). The maximum observed thickness is about 80 m.

Olivine-rich plagioclase basalt—Flows and scoria deposits (Qolpc) of olivine-rich, porphyritic basalt (C) near the northeast edge 
of the map, which contains scattered, large phenocrysts of augite and plagioclase. The cone contains a northeast-trending dike 
(Qolpd), which is dated at 2.41±0.02 Ma. The thickness is about 100 m.

Younger medium-grained, plagioclase trachybasalt—Flows and scoria deposits (Qympc) located about 3 km southeast of 
Antelope Flats, which consist of medium-grained trachybasalt containing small, platy, interlocking microphenocrysts of plagioclase 
and tiny microphenocrysts of olivine and augite. The scoria contains rare fragments of Cretaceous sandstone. The unit is not 
dated, and the thickness is about 60 m.

Fine-grained, plagioclase- and augite-phyric olivine basalt—Flows and scoria deposits (Qfpoc) of basalt (C) located east of 
Cerro Redondo, which contain conspicuous phenocrysts of plagioclase, augite, and olivine in a fine-grained groundmass. The 
south cone contains several dikes (Qfpod). The unit is not dated, and the MPB is R suggesting an age >2.15 but <2.58 Ma (Gee 
and Kent, 2007). The maximum thickness is about 65 m.

Fine-grained trachybasalt—A flow with 1–3% phenocrysts of olivine, augite, and plagioclase in an aphanitic matrix, which is 
located northeast of Cerro Chivato. The flow contains rare quartz xenocrysts. The unit not dated, and the thickness is about 15 m.

Plagioclase-phyric trachybasalt of Cerro Colorado (Mesa Chivato)—Flows and scoria deposits (Qmppc) of medium-grained 
trachybasalt. Fresh surfaces display a shimmery reflection of aligned plagioclase microlites. The flow contains rare phenocrysts 
of plagioclase. The unit is not dated, and the MPB is R. The thickness is about 45 m.

Medium-grained, plagioclase-phyric olivine trachybasalt of Cerro Frio—Medium-grained, sparsely porphyritic trachybasalt 
(C) and scoria deposits (Qmplc) containing plagioclase phenocrysts ≤3 cm long and smaller phenocrysts of plagioclase, olivine, 
and augite. The unit is dated at 2.44±0.01 Ma, and the MPB (measured at two sites) is R. A similar looking, faulted flow lies just 
east of Laguna Bonita in the northeast part of the map. While the age of this similar flow is unknown, it may be younger than Cerro 
Frio. The maximum thickness of flows is about 35 m.

Fine-grained, aphyric trachybasalt southeast of Cerro Redondo—Flows and scoria deposits (Qfac) located southeast of 
Cerro Redondo, which consist of very fine-grained, aphyric trachybasalt containing visible microphenocrysts of plagioclase 
and olivine. The cone contains a northeast-trending dike (Qfad) and a sill-like body. The unit is not dated, and the maximum 
thickness is about 35 m.

Fine-grained, quartz- and xenolith-bearing olivine trachybasalt—Fine-grained, sporadically flow-banded, nearly aphyric 
trachybasalt (C) located north of Silver Dollar Mesa, which contains sparse quartz xenocrysts. The trachybasalt also contains very 
rare, ≤4 cm, dunite xenoliths and augite megacrysts. The unit is not dated, and the MPB is R. The maximum thickness is about 20 m. 
Plagioclase-phyric trachybasalt of Silver Dollar Mesa—Flows of fine- to medium-grained, slightly porphyritic trachybasalt (C) 
in a trachytic groundmass covering the southern end of Silver Dollar Mesa. They contain 0.5–1.5 cm plagioclase phenocrysts and 
smaller phenocrysts of plagioclase, olivine, and augite. The flows are dated at 2.49±0.06 Ma, and the MPB is confused (measured 
at two sites - lightning?). The maximum thickness is about 35 m.

TERTIARY—Pliocene

Hydromagmatic deposits from maar eruptions—Consists of poorly exposed hydromagmatic deposits derived from the 
explosive interaction of shallow groundwater with magma during eruption. The best exposures occur in the modified drainage on 
the south end of the Laguna Cañoneros maar where the deposits consist primarily of plane-parallel base surge beds containing 
a mixture of quenched basaltic (hydroclastic) shards and fragments, sideromelane, yellow-brown palagonite, and lithic fragments. 
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Most deposits buried primarily by colluvium and are recognized by a lag of poorly sorted and rounded gravel of allochthonous  
lithic fragments. The deposit overlies soil containing Ttdt pumice (2.70 Ma?) at the Laguna Cañoneros site above. The ages of 
other vents and deposits are not precisely known but seem to be late Pliocene to early Pleistocene (Goff et al., 2014a, b). The 
maximum observed thickness is about 5 m.

Younger medium-grained, olivine trachybasalt—Flows of medium-grained trachybasalt that are located east of Laguna 
Cañoneros, which contains abundant, small phenocrysts of olivine in a trachytic groundmass. The unit is not dated, and the MPB 
(measured at one site) is R, suggesting an age ≤2.58 Ma (Gee and Kent, 2007). The maximum thickness is about 15 m.
Campo Grande volcanic center—A volcanic center (Tcgp) at the northeast edge of the map dominated by basaltic pyroclastic 
rocks, and discontinuously exposed flows (Tcgl). The northeast-striking spine of agglomerate forms the eastern ridge of cone; 
two small dikes (Tcgd) are exposed here. The flows display variable texture and mineralogy, but generally have phenocrysts of 
olivine, plagioclase, and augite. The flows are dated at 2.52±0.01 Ma. The maximum thickness is about 120 m.

Medium-grained, gabbro-bearing, plagioclase-phyric trachybasalt—Flows and scoria deposits (Tmgpc) of medium-grained 
trachybasalt with small scattered phenocrysts of plagioclase located north of the head of Seboyeta Canyon. The unit contains 
conspicuous 5 cm xenoliths of gabbro that become more obvious closer to the source. The cone contains two west-northwest-
trending dikes (Tmgpd). It is not dated; the MPF is R suggesting an age ≤2.58 Ma. The maximum thickness is about 25 m.

Fine-grained, augite- and plagioclase-phyric olivine trachybasalt northeast of Cerro Chivato—Flow and scoria deposits 
(Tfpcc) of fine-grained trachybasalt located just northeast of Cerro Chivato, which contains phenocrysts of augite, plagioclase, 
and olivine, as well as rare, gabbroic xenoliths of hypersthene, plagioclase, and quartz xenocrysts. The scoria cone contains a 
dike or vertical rib of agglutinate trending N35°W (Tfpcd). The unit is not dated, and the thickness is about 60 m.

Quartz basanite of Laguna Cañoneros—Flows of aphyric basanite (C) forming northwest shore of the Laguna Cañoneros maar, 
which has a distinctive hackly texture containing abundant, visible microlites of olivine and augite. The flows contain sparse xenocrysts 
of quartz. The quartz size and abundance increases to the northwest. The flows are dated at 2.58±0.01 Ma, and the MPB (measured 
at one site) is N; precisely at the major magnetic polarity boundary (Gee and Kent, 2007). The thickness is about 15 m.

Cerro Pino volcanic center—A volcanic center that is located southwest of Campo Grande, which is dominated by basaltic 
pyroclastic rocks. Six pyroclastic deposits are identified (Tcpp1, oldest to Tcpp6, youngest), which contain olivine, plagioclase, 
and augite phenocrysts. The northeast-trending, steeply dipping flows or probable dike near the summit (Tcpd) contain 1–2% 
olivine phenocrysts in an aphanitic matrix. The unit is not dated, and the maximum thickness is about 80 m.

Fine-grained, olivine basalt—Fine-grained basalt(?) consisting of long, southerly-directed flows apparently originating from the 
Cerro Pino complex, which contains rare megacrysts of 0.25 cm resorbed plagioclase and augite, and phenocrysts of olivine. 
The megacrysts are less abundant with increasing distance from the source. The unit also contains two thin hydromagmatic beds 
(Tfoh) on the south flank of Cerro Pino. The MPB (measured at two sites) is N, suggesting an age >2.58 Ma (Gee and Kent, 
2007). The thickness is about 35 m.

Megacrystic trachybasalt—A nearly buried cone-and-flow complex, 3.5 km southwest of Cerro Redondo, which consists of fine-
grained trachybasalt and scoria deposits (Tymtc) having rare megacrysts of augite and olivine. The small phenocrysts consist of 
plagioclase, augite, and minor olivine. The unit is not dated, and the maximum thickness is about 25 m.

Medium-grained, plagioclase-phyric olivine basalt—Flows and scoria deposits (Tmopc) of plagioclase-phyric trachybasalt 
with pronounced trachytic texture located just southwest of Cerro Aguila, which contain minor small olivine phenocrysts. The  
eroded cone contains a complexly fingered dike (Tmopd). The unit is not dated, and the MPB (measured at one site) is N, 
suggesting an age >2.58 Ma (Gee and Kent, 2007). The thickness is about 45 m.

Sugary plagioclase-phyric olivine trachybasalt—Widespread flows and scoria deposits (Tmpoc), located 4 km south-
southwest of Cerro Chivato, which consist of medium-grained trachybasalt with sparse phenocrysts of plagioclase and olivine in 
a trachytic groundmass. The texture is sporadically sugary. The eroded cone contains an arcuate dike (Tmpod). The unit is not 
dated, and the MPB (measured at two sites) is N, suggesting an age >2.58 Ma. The maximum thickness is about 30 m.
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Older plagioclase trachybasalt—Two flow-and-scoria-cone complexes (Toftc) consisting of aphyric, fine-grained trachybasalt 
(C), located west and south-southwest of Cerro Redondo, which contain tiny interlocking plates of plagioclase and microphenocrysts 
of olivine and augite. The unit is not dated, and the MPB (measured at one site) is N, suggesting an age >2.58 Ma. The cones contain 
dikes (Toftd). The maximum thickness is ≤20 m.

Older xenocrystic olivine basalt—A single knob northeast of Cerro Redondo consisting of fine-grained olivine basalt (C) 
and minor agglutinate, which is probably an eroded vent, contains abundant small (≤0.25 cm) xenocrysts of peridotite. The 
phenocrysts are mostly olivine with minor augite and plagioclase. The unit is not dated, and the thickness is about 25 m.
Medium-grained, porphyritic trachybasalt—Flows and scoria deposits (Tmptc) to the west of Cerro Redondo, which consist of 
medium-grained trachybasalt containing sparse but obvious phenocrysts of augite, olivine, and plagioclase. The unit also contains 
rare xenocrysts of quartz. The unit is not dated, and the thickness is about 35 m.

Older fine-grained, aphyric trachybasalt west of Cerro Redondo—A poorly exposed flow of very fine-grained trachybasalt that 
originates from a faulted scoria cone (Taftc) to the west of Cerro Redondo, which contains no apparent phenocrysts. The unit 
is not dated, and the thickness is about 10 m.

Medium-grained, augite- and plagioclase-phyric trachybasalt cone—A nearly buried scoria cone west of Cerro Redondo 
containing bombs and cinders of medium-grained, vesicular trachybasalt with sparse, conspicuous phenocrysts of augite and 
plagioclase. The unit is not dated, and the thickness is about 5 m. 

Fine-grained, megacrystic basalt and pyroclastic deposits—Multiple flows and scoria deposits (Tmb1, oldest to Tmb9, 
youngest) in the northeast corner of the map. Units 1–3 are primarily flows; pyroclastic material dominates units 7–9. The matrix 
is aphanitic to fine-grained. The units contain sparse plagioclase, augite, and olivine phenocrysts, 1–3% augite megacrysts ≤2 cm 
across, rare xenocrysts of quartz, and rare “crustal” xenoliths. The units are not dated, and the maximum thickness is about 60 m.

Fine-grained, augite- and plagioclase-phyric olivine trachybasalt—Two flow-and-cone complexes located on the east margin 
of the map, which consists of fine-grained trachybasalt and scoria deposits (Tfpoc) with conspicuous phenocrysts of augite, 
plagioclase, and small olivine. The northern cone, located south of Cerro Aguila, is highly eroded and contains a great assortment 
of spindle bombs and agglutinate. The southern complex overlies extensive hydromagmatic beds (Tfpoh). The unit is not dated, 
and the thickness is about 20 m.

Medium-grained, sparsely porphyritic olivine trachybasalt—Multiple flows (Tspb1, oldest to Tspb7, youngest) of medium-
grained trachybasalt in the northeast corner of the map, which contains <1% plagioclase, augite, and olivine phenocrysts that are 
4–5 mm in diameter. The unit is not dated, and the MPB of flow Tspb3 is N. The thickness is about 8 m.

Sparsely megacrystic trachybasalt—A flow in the extreme northeast corner of the map with <1%, 5–7 mm megacrysts of augite 
in fine-grained matrix of plagioclase laths. The unit is not dated, and the thickness is ≤10 m.

Fine-grained trachybasalt—Non-descript trachybasalt flows in the northeast corner of the map containing <<1% phenocrysts of 
olivine, plagioclase, and augite. Some flows contain quartz xenocrysts. Some flows have spotted texture. The unit is not dated, 
and the maximum thickness is about 50 m. 
Fine-grained, augite- and plagioclase-phyric trachybasalt—Stubby flows and scoria deposits (Tfcpc) of fine-grained 
trachybasalt, located 3 km southeast of Cerro Chivato, which contain sparse phenocrysts of augite and plagioclase and rare 
megacrysts of ≤1 cm augite. The flow southwest of the scoria cone has much agglutinate and seems to be part of north-northeast-
trending fissure (Tfcpd). The unit is not dated, and the thickness is about 80 m.

Fine-grained, augite-megacrystic olivine basalt—Remnant of a tiny flow and scoria deposits (Tfcoc) of fine-grained basalt, 
located 3 km south-southwest of Cerro Chivato, which contain abundant black augite megacrysts. The groundmass contains tiny-
olivine phenocrysts. The cone contains a northwest-trending dike (Tfcod). The unit is not dated, and the thickness is about 25 m.

Sparsely porphyritic-olivine basalt—An aphanitic flow north-northeast of Cerro Pino containing <1% olivine and augite 
phenocrysts that are ≤4 mm in diameter. The unit is not dated, and the thickness is ≤15 m.

Tfcpd

Tfcod

Toftd

Tfpob

Tfpoc

Tfpoh

Tspb1-3

Tspb4-7

Tsmb

Ttbf

Tfcpb

Tfcpc

Tfcob

Tfcoc

Tspob

Toxb

Tmptb

Tmptc

Taftb

Taftc

Tmb4-9Tmb4-9

Tmb1-3

Tmapc

Toftb

Toftc



48

Vo
lc

an
ic

 r
oc

ks
 o

f s
ou

th
w

es
t M

es
a 

C
hi

va
to

Porphyritic-olivine-augite basalt—Aphanitic to fine-grained flows located east-northeast of Cerro Pino, with 1–3% phenocrysts 
of olivine, augite, and plagioclase that are 3–7 mm in diameter and contains 1–2% augite xenocrysts that are 1 cm across. The unit 
is not dated, and the thickness is t≤25 m.
Trachybasalt—A fine-grained flow of variable texture, located in the northeast corner of the map, which contains small olivine 
and augite phenocrysts. The unit is not dated, and the maximum thickness is about 10 m.

Porphyritic basalt with plagioclase phenocrysts—Porphyritic fine-grained basalt flows, located north-northeast of Cerro Pino 
near the edge of the map, which contain 5–12% plagioclase phenocrysts that are ≤5 mm in diameter and trace augite, and olivine 
phenocrysts that are ≤3 mm in diameter. The unit is not dated, and the thickness is ≥30 m.
Porphyritic augite-phyric trachybasalt—Distinctive flow located in the northeast corner of the map, with 15% augite phenocrysts 
that are 2–4 mm in diameter and lesser amounts of plagioclase in an equigranular matrix. The unit is not dated, and the thickness 
is about 3 m.
Older fine-grained, aphyric trachybasalt—Flows and scoria deposits (Taptc), on the east edge of the map, which consist 
of fine-grained trachybasalt with rare, small, phenocrysts of olivine and elongated plagioclase microlites. The cone contains 
impressive assortment of bombs and a north-trending dike (Taptd). The unit is not dated, and the thickness is about 65 m.

Medium-grained, augite-phyric olivine trachybasalt—A medium-grained, slightly-porphyritic trachybasalt, located on the west 
side of Bear Canyon and Rio Paguate, which contains abundant, small phenocrysts of augite, plagioclase, and olivine. The unit 
sporadically displays a spotted appearance on weathered surfaces. The K-Ar age is 2.65±0.15 Ma (Lipman and Mehnert, 1979), 
the MPB is N, and the thickness is about 35 m.
Medium-grained, augite- and plagioclase-phyric olivine trachybasalt—Flows of medium-grained, sparsely-porphyritic 
trachybasalt with phenocrysts of plagioclase and augite. The flows are exposed along the upper Rio Paguate, south of Cerro 
Ortiz. The unit is not dated, the MPB is R, and the thickness is about 25 m.
Fine-grained, vesicular trachybasalt—Several small flows of vesicular, aphyric to fine-grained trachybasalt located in the 
northeast corner of the map, with <1% of olivine that are <2–4 mm in diameter and trace augite and plagioclase that are <2 mm in 
diameter. The unit is not dated, and the thickness is <3 m.
Fine-grained, augite-phyric olivine trachybasalt—Massive to platy flows originating from the eroded cone (Tfctc) and covering 
southern Chupadero Mesa. They consist of fine- to medium-grained, slightly-porphyritic trachybasalt (C) containing phenocrysts of 
plagioclase that are ≤1.5 cm long and phenocrysts of augite that are very sparse. The flows are dated at 2.65±0.02 Ma, and the 
MPB is N. The maximum thickness is about 20 m.

Porphyritic trachydacite tuffs—Beds of trachydacite to rhyolitic pumice (C) and pumice-rich sediments that are scattered 
through the southern Mesa Chivato area. The pumice is highly vesicular, containing small, phenocrysts of plagioclase, augite ± 
biotite, hornblende, sanidine, and quartz. The sources are presumably from Mount Taylor. The date on the bed on Chupadero 
Mesa is 2.700±0.002 Ma. The dates on similar deposits, to the west, range from 2.71 to 2.76 Ma (determined from four samples).
Individual beds are ≤2m thick.
Fine-grained, augite-porphyritic olivine basalt—Distinctive flows of fine-grained, porphyritic basalt with conspicuous megacrysts 
of augite and small phenocrysts of plagioclase and olivine. The flows originate from a scoria cone (Tfcpoc) containing northeast-
trending dikes (Tfcpod). The unit is not dated, and the MPB (measured at one site) is N. The unit underlies Ttdt. The maximum 
thickness is about 20 m.

Aphyric olivine basanite of Seboyetita Creek—Flows of very fine-grained, aphyric basanite (C) with tiny microphenocrysts of 
plagioclase, olivine, and augite. The flows originate from the eroded scoria cone (Tbasc), and are dated at 2.68±0.04 Ma. The 
unit underlies Tfcpob. The thickness is about 40 m.

Medium-grained, plagioclase-phyric trachybasalt—Massive to sheeted flows and scoria deposits (Tmplc). The flows form a 
cliff in upper Seboyeta Canyon. They consist of medium-grained, porphyritic trachybasalt (C) with phenocrysts of plagioclase and 
very small phenocrysts of olivine and augite. The cone contains a north-northwest-trending dike (Tmpld). The unit is dated at 
2.70±0.02 Ma, and the MPB (measured at three sites) is N. The thickness is about 15 m.

Fine-grained, quartz- and xenolith-bearing trachybasalt—A flow of fine-grained trachybasalt, located at the northeast end of 
Silver Dollar Mesa, with rare, quartz xenocrysts and very rare xenocrysts of pyroxene gabbro that are 0.5–2 cm in diameter. The  
gabbro is medium-grained and equigranular. The eroded vent (Tfqgc) is mostly stripped of scoria. The unit is not dated, and the 
thickness is about 15 m.
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Medium-grained, augite-phyric olivine trachybasalt of Encinal Creek—Medium-grained, slightly porphyritic trachybasalt 
flows (C) with sparse megacrysts of augite and small phenocrysts of olivine. A flow forms a distinctive cliff along Encinal Creek 
near the southwest margin of Silver Dollar Mesa. The K-Ar date is 2.93±0.12 Ma (Laughlin et al., 1993), and the MPF is N. The 
thickness is about 20 m.
Medium-grained, olivine trachybasalt of Bear Canyon—Flows of medium-grained trachybasalt (C) containing about 3% 
olivine phenocrysts that are ≤1 mm in diameter in a slightly trachytic groundmass. The flows originate from a small exhumed 
cinder cone (Tmotc) on the west side of Bear Canyon, upper Rio Paguate. The unit is not dated, and the MPB is N. The 
thickness is about 35 m.

Medium-grained, augite- and plagioclase-phyric olivine trachybasalt—Massive to sheeted flows and scoria deposits 
(Tcpoc), located on Encinal Mesa, which consist of medium-grained porphyritic trachybasalt with phenocrysts of plagioclase, 
olivine, and sparse augite. The unit is not dated, and the MPF is R, suggesting an age between 3.04–3.11 Ma. The maximum 
thickness is about 20 m.

Older fine-grained, olivine trachybasalt of Red Mesa—Massive flows of fine-grained trachybasalt with sparse phenocrysts of 
olivine, plagioclase, and augite. The flow forms a cliff on the mesa east of Seboyeta Creek. The unit is not dated, and the MPF 
is R. The thickness is about 15 m.
Basalt diatreme of Seboyeta Canyon—A complex diatreme consisting primarily of three cycles of alternating massive 
hydromagmatic beds overlain by layers of coarse pyroclastic breccia and welded basaltic scoria (Goff et al., 2014b). Two dikes, 
trending S30°W, cut the northeast side of the diatreme. The hydromagmatic beds contain ≤1-m-long fragments of Cretaceous 
sandstone and rounded chert. The lava, dikes, scoria, and hydromagmatic fragments all consist of fine-grained basalt (C) 
containing conspicuous complex megacrysts of augite and hornblende. The unit is dated at 3.07±0.09 Ma, and the MPF is R. 
The thickness is about 50 m.
Fine-grained trachyte of Cerro Chivato—A strongly foliated trachyte dome (C) in the northeast part of the map area, which 
contains sparse phenocrysts of plagioclase in a fine trachytic groundmass of plagioclase, augite, and hornblende(?). An intrusion 
breccia is present on the south margin of the dome. The unit is dated at 3.16±0.02 Ma, and the thickness is about 120 m.
Porphyritic hornblende trachybasalt—Massive to vesicular flows of trachybasalt (almost basanite, C) containing 1–3% 
hornblende phenocrysts in a fine-grained matrix with phenocrysts of plagioclase, olivine, and augite. The flows form faulted slopes 
north of Cerro Pino. They are dated at 3.16±0.01 Ma and the MPB is N. The maximum thickness is about 20 m.
Hackly olivine basanite—An aphanitic flow of basanite(?) overlying Totb (described previously) in the northeast map area, with 
pronounced hackly and spotted textures. The flow contains <<1% of very small, iddingsitized olivine microphenocrysts. The unit 
is not dated, and the thickness is about 10 m.
East olivine basanite—A fine-grained, nearly aphyric basanite (C) with rare, small phenocrysts of plagioclase and iddingsitized- 
olivine. On weathered surfaces, the basanite can be distinctly to vaguely spotted. The upper part of the unit is massive to rubbly; 
the lower part is columnar. The unit is dated at 3.72±0.02 Ma, and the MPF is R. The thickness is about 45 m.

Biotite trachydacite dikes: undivided—Massive, porphyritic to coarse-porphyritic, trachydacite dikes (C) found within and on 
the  flanks of MT and the AM (Goff et al., 2013a). The dikes contain phenocrysts of plagioclase, biotite, augite ± sanidine. They 
commonly form tall fins. A dike cutting the northwest AM wall is dated at 2.66±0.01 Ma; a tall dike cutting the southeast AM wall is 
dated  at 2.69±0.03 Ma. The dikes' maximum width is roughly 30 m, the height ≤50 m, and the exposed longest length is ≤1 km.
Hornblende trachydacite dikes: undivided—Massive, porphyritic trachydacite dikes (C) found within and on the flanks of MT 
and the AM (Goff et al., 2013a), which contain phenocrysts of plagioclase, augite, and hornblende ± sanidine. One dike is dated 
at 2.77±0.02 Ma; its exposed length is ≤0.7 km.
Hornblende-biotite trachydacite dikes: undivided—Massive, porphyritic to coarse-porphyritic, trachydacite dikes (C) found 
within and on the flanks of MT and the AM, which contain phenocrysts of plagioclase, augite, hornblende, and biotite ± sanidine. 
A curving dike in the eastern part of the AM is dated at 2.64±0.06 Ma, and the MPF is N. The exposed length is ≤0.8 km.

Trachyandesite dikes: undivided—Massive, porphyritic, trachyandesite dikes (C) found mostly on flanks and the AM walls of MT, 
which contain phenocrysts of plagioclase, augite ± hypersthene ± olivine. Most dikes of this type are ≤10 m wide, ≤15 m tall and 
≤60 m long, however, the exception is the large dike-and-plug complex south of San Mateo; the latter dike is dated at 2.79±0.03 Ma.
Trachydacite dike—A poorly exposed dike trending east-west on the southwest part of Horace Mesa, which consists of fine-grained 
trachydacite with very sparse, small phenocrysts of plagioclase. The unit not is dated. The dike width is ≤30 m, and the length is ≤200 m.

Mafic dikes: undivided—Linear spines and fins identified only on air photos, which cut rocks of basaltic composition in the 
northeast part of the map. The dikes are not dated, and they are ≤15 m wide.

Porphyritic nephelinite dike—Splotchy, porphyritic, 1-m-wide nephelinite dike (C) located just west of the San Fidel Dome (Goff 
et al., 2013a), with >20% olivine phenocrysts with minor augite and sparse plagioclase phenocrysts. The dike trends nearly east-
west, and is too altered to date.

Augite-megacrystic trachybasalt dikes and plug—Fine-grained, trachybasalt (C) dikes containing megacrysts of augite and 
small phenocrysts of augite and plagioclase, and may contain small xenocrysts of quartz. The dikes trend nearly east-west cutting 
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prominent north-south-trending folded Cretaceous rocks along the east edge of the map (Goff et al., 2013a). Other similar dikes 
are in Lobo Canyon; and all dikes are too altered to date. The dikes are ≤2 m wide, with the plug being about 30 m wide.
Plagioclase basalt dikes—About four dikes of porphyritic plagioclase basalt cutting the AM floor and the southeast rim. The 
dikes contain large plagioclase, small olivine, and augite phenocrysts. The dikes are not dated. The widths are ≤25 m, and the 
lengths are ≤150 m.

Olivine basalt and trachybasalt dikes—Many dikes ≤3 m-wide and ≤350 m-long, identified mostly in the Rinconada Basin area 
(Goff et al., 2013a), consist of basalt and trachybasalt (C), with small-phenocrysts of olivine and rare plagioclase and augite. The 
dikes are too altered to date.

Olivine gabbro intrusives—Medium- to fine-grained allotriomorphic-granular gabbro bodies and blocks (C) consisting mostly of 
plagioclase, augite, olivine, and opaque oxides (Goff et al., 2013b). Geochemically, the intrusions vary from gabbro to monzodiorite 
(Cox et al., 1979). The unit forms a circular, 50-m-in-diameter, intrusion on an isolated hill west of Rinconada Canyon. Forms two, 
sill-like bodies exposed northeast of MT. Blocks of gabbro are found in scoria cone deposits of unit Tomtc, east of Rinconada 
Canyon, and are ≤1 m long. One sill is dated at 2.68±0.07 Ma. A gabbro block, mentioned above and located in the scoria cone, 
is dated at 3.10±0.24 Ma.

Olivine basanite dike of Picacho Peak—A fine-grained, basanite (C) dike on the south margin of the map contains small olivine, 
plagioclase, and augite microphenocrysts, and rare quartz xenocrysts. The dike trends northeast away from Picacho Peak plug 
(Lipman and Moench, 1972). The plug is dated at 4.49±0.08 Ma. The magnetic polarity (laboratory measurement) is R (Hallett et 
al., 1997). The length of the dike is ≤350 m.

MESOZOIC
(Listed by Formational names; these units interfinger; see Correlation Chart 5a)

CRETACEOUS

Mesaverde Group

Menefee Formation—Golden to yellow-orange, medium- to thin-bedded sandstone, black to gray to brown shale and siltstone 
with carbonized wood fragments, and minor coal. Petrified-wood fragments are common. The Menefee only occurs in the 
northeast part of the map and in the east-central AM. The maximum exposed thickness is ≥45 m.

Point Lookout Sandstone, Hosta Tongue—A fine-grained, cross-bedded, quartz sandstone with rare darker lithic grains, which 
forms prominent light-gray cliffs. The maximum exposed thickness is about 45 m.

Crevasse Canyon Formation 

Gibson Coal Member—An interbedded, light-orange, very fine-grained, quartz sandstone and dark shale in massive to thinly 
bedded layers, which are ≤4 m thick. The shale commonly contains dark-brown to black, lignite coal in seams, which are ≤2 m 
thick. Locally contains light-gray fragments of fossilized wood. The maximum exposed thickness is <50 m.

Dalton Sandstone Member—The member consists of two prominent sandstone layers: a lower, yellowish-orange layer and an 
upper white layer with an intervening shale bed. The basal sandstone often has thin beds containing abundant pelecypod casts 
and molds. The maximum exposed thickness is ≤25 m.

Stray Sandstone Member—The member consists of two prominent, reddish-orange, sandstone layers with an intervening shale 
bed, forming a distinct couplet. The top of the unit is a thin (<1 m) conglomerate with pebbles to cobbles of quartzite, chert, and 
quartz. The Stray pinches out to the southeast. The maximum exposed thickness (≤40 m) is located in the Lobo Canyon area.

Dilco Coal Member—Interbedded, black to brown siltstone, thin- to medium-bedded, tan, brown, and olive-green sandstone, and 
black coal. The sandstones are cross-bedded to ripple-laminated. The coal beds are <0.5 m thick, usually in the lower part of the 
unit. The maximum exposed thickness (≤150 m) is located in the Lobo Canyon area.

Gallup Sandstone

Main Body—A yellowish-gray, white, or golden-yellow, medium- to thick-bedded, cross-bedded sandstone. The sandstone is  
intercalated with carbonaceous shale. Locally, the unit contains fossiliferous (Innocermid) beds near the top. Exposed thickness 
increases to the southwest in the Lobo Springs quadrangle, where it reaches a maximum of ≤25 m (Goff et al., 2008).

Upper tongue (combined with Km in cross sections)—A white, medium-bedded, cross-bedded to tabular sandstone that 
is locally capped by well-cemented, fractured, planar-cross-bedded sandstone that is weathered brown. The upper and lower 
contacts are gradational with the Mancos Shale. The maximum exposed thickness is in the Lobo Springs quadrangle and is ≤30 
m (Goff et al., 2008).

Lower tongue (combined with Km in cross sections)—A white, medium-bedded, cross-bedded to tabular sandstone that is 
locally capped by well-cemented, fractured, planar-cross-bedded sandstone that is weathered brown. The top of the unit is locally 
conglomeratic with sandstone clasts and sharks teeth. The upper and lower contacts are gradational with the Mancos Shale. The 
maximum exposed thickness is in the southwest part of the map and is ≤15 m (Goff et al., 2008).
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Mancos Shale

Satan Tongue—An interbedded dark shale and less abundant very fine-grained quartz sandstone, which is exposed in Seboyeta 
Canyon and the eastern floor of the AM. The Satan Tongue pinches out and interlayers with the Point Lookout Sandstone to the 
northwest (Sears et al., 1941). The maximum observed thickness is about 65 m.

Mulatto Tongue—A golden-yellow, thin-bedded, tabular to ripple-laminated sandstone and black shale. Burrows and scattered 
pelecypod molds are common in the sandstone beds. The upper and lower contacts are gradational with the Dalton and Stray 
sandstones. The maximum exposed thickness (≤50 m) is in the southwest part of the map (Goff et al., 2008).

Main Body—A black to dark-brown shale and silty shale, intercalated with finely laminated to cross-bedded, thinly bedded 
sandstone. The sandstones are well-sorted, fine-grained, quartz arenites. The upper and lower contacts are gradational. Small 
tongues of the Main Mancos are interbedded within the Gallup Sandstone units. The maximum exposed thickness of the Main 
Mancos is beneath the Gallup Sandstone and is ≤50 m.

Bridge Creek Limestone (combined with Km in cross sections)—A finely laminated, fossiliferous, light-gray limestone, 
interbedded with thin, black shale below the Main Body of the Mancos Shale. The Bridge Creek was identified only in the San 
Fidel Dome in the southwest part of the map (Goff et al., 2008). The unit is correlative with the Greenhorn Limestone. It contains 
abundant invertebrate fossils. The maximum exposed thickness is in the southwest part of the map, and is ≤25 m (Goff et al., 2008).

Dakota Formation

Dakota Formation: undivided—Alternating sandstones and shales of the Dakota Formation and the Mancos Shale. The Dakota 
unit identified in the uranium well logs near San Mateo (Reise, 1977, 1980) is inferred to be the lower Oak Canyon Sandstone 
Member (about 25 m thick). Aggregate thickness of the Dakota is about 100 m in the northwestern map area (Owen and Owen, 
2003). The Dakota is also exposed in San Fidel Dome and near Paguate. Includes three thin sandstone units (≤20 m thick) in the 
southeast corner of the map (Twowells, Paguate, and Cubero members; Owen and Owen, 2003); also see the cross sections in 
Goff et al. (2008) and McCraw et al. (2009), and measured sections in Skotnicki et al. (2012).

JURRASIC

Morrison Formation

Brushy Basin Member—A grayish-green mudstone, interbedded with thin-lenticular beds of light-gray to yellowish-gray, fine- to 
medium-grained sandstone. There is very limited exposure in the extreme west central edge of the map. The maximum exposed 
thickness is about 10 m, and the maximum thickness in drill holes is about 40 m (Reise, 1977; Goff et al., 2012).

Westwater Canyon Member—Light-gray and yellowish-gray and light-red, fine- to medium-grained sandstones, interbedded with 
thin, greenish-gray mudstones. There is very limited exposure in the extreme west central edge of map. The maximum exposed 
thickness is about 30 m, and the maximum thickness in drill holes is about 50 m (Reiss, 1977; Goff et al., 2012).

Salt Wash Member (cross sections only)—A dark-red, variegated (pink, brown, and gray) shale, and white quartz, cemented 
by lime sandstone. Some of the shale beds are calcareous and slabby. The unit contains imbricated, gypsiferous beds. The 
maximum thickness is about 100 m (Anderson and Lucas, 1995). 

Todilto Formation: undivided (cross sections only)—Bedded, massive anhydrite and limestone identified only in State 36-1 
well near the south edge of the map (San Fidel Dome; Goff et al., 2008). Because this is a widespread unit throughout west-central 
New Mexico, it is shown in the cross section. The thickness is assumed to be uniform at ≤25 m.

Entrada Formation: undivided (cross sections only)—A massive, bedded to cross-bedded sandstone identified in State 
36-1 well near the south edge of the map (San Fidel Dome). As defined here, includes only the Slick Rock Member (Lucas and 
Zeigler, 2003). Because this is a widespread unit throughout west-central New Mexico, it is shown in the cross section. The 
bottom of the unit was not penetrated.
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Appendix 1.

English Translations of Spanish Words used in Mount Taylor Region
 (Pei, 1968; Cobos, 2003)

Agua—Water
Aguila—Eagle, to be sharp or “on the ball”
Arroyo—Intermittent stream, creek; shallow ravine
Bajio—Shoal, sandbank; lowland
Bandeja—Tray, platter
Bibo—Imbibe; literally “I drink” (Latin)
Blanco, -a—White, blank, fair (complexion)
Blanquita—Little and white
Bonita, -o—Pretty, neat
Campo—camp, country, field, outdoors
Cañon—Canyon
Cañoneros—Gunboat; canoneers (artillerymen); those who 
live in canyons (slang)
Casa—House
Cebolla—Onion
Celosa—Jealous, suspicious, zealous (female)
Cerro—Hill
Chamiso, -a—Generic sagebrush, rabbitbrush
Chivato—Young male goat; billy goat
Chupadero—Anything that serves to pacify; teething ring; 
secret prison or corral
Chute—Long, narrow
Cibola—Seven golden cities of Cibola; buffalo country; 
coiled Pueblo bowl
Ciénega—Marshy or swampy land; small farm (New 
Mexico)
Colorado—Red, reddish, embarrassed
Cruz—Cross
Cuate, -tes—Twin, twins, friends
Cubero—Cask or tub maker; cooper
Cuchilla—Large knife; blade
Damacio—No translation; a man’s name?
de—of 
del—of the (masculine)
Diablo—Devil, Satan
Encina, -al—Oaks, place of evergreen oaks 
Frances—Frenchmen, French language, (adjective) French
Fria, Frio—Cold
Grande—Big, large

-ita, -ito—Diminutive suffix meaning little
Jara—Clump, thicket, rockrose, branch of a tree, (Mexican 
slang) the cops
Laguna, -ita—Lake or pond; little lake
Largo—Large
Llano—Plain, large flat area or region
Lobo—Wolf
Malpais—Lava beds; rough country (literally, bad country)
Mesa—Table; flat-topped mountain or hill
Mosca—Fly; housefly
Negra, -o—Black 
Ojo—Eye; spring (source of water)
Osha—Wild celery 
Oso—Bear
Padre—Father, priest, (adjective) great, stupendous, terrific
Paguate—Place of herbs or medicinal plants (?)
Pelón—Bald; bare
Picacho—Large pointed isolated hill; small peak
Piedra—Stone, rock
Pino—Pine tree
Piñon—Short, squat pine tree of American southwest; source 
of edible pine nuts
Prieta—Dark, black (female)
Pueblo—Communal structure for dwelling and defense; 
small town or village 
Redondo, -a—Round 
Rey, Reyes—King, kings
Rinconada—Corner, nook; small valley or basin; group of 
houses
Río—River, large stream
Rito—Small river, stream
Sebo—Tallow, fat, suet
Seboyeta—Place of small onions (Anglicized from Cebolleta); 
Seboya family village
Seco—Dry
Telesfor—Telesforo(?); telescope
Verde—Green, verdant, unripe 
Viejo -a—Old, ancient
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Appendix 3. Photo figures with UTM locations
(NAD 83) and (NAD27)

figure easting (NAD83) northing (NAD83) easting (naD27) northing (naD27)

3b 275550 3905104 275600 3904900
3c 282950 3904204 283000 3904000
6 257750 3893004 257800 3892800
7 255850 3894354 255900 3894150
10 277750 3895204 277800 3895000
11 258850 3910004 258900 3909800
12 267950 3901704 268000 3901500
15  262550 3903704 262600 3903500
16 262800 3905004 262850 3904800
17 266150 3900204 266200 3900000
18 262850 3903004 262900 3902800
19 268050 3900484 268100 3902800
20 267950 3906204 268000 3906000
21 250350 3900204 250400 3900000
22 251830 3905054 251880 3904850
23 256950 3897304 257000 3897100
24 256900 3897344 256950 3897140
25 261465 3890624 261515 3890420
26 282750 3912204 282800 3912000
27 279850 3904704 279900 3904500
29 273650 3894804 273700 3894600
30a 257450 3906804 257500 3906600
30b 260232 3900065 260282 3899861
31 265250 3910904 265300 3910700
32 258250 3901704 258300 3901500
34 249950 3903004 250000 3902800
35 258950 3891304 259000 3891100
36 259150 3891604 259200 3891400
38 267450 3901304 267500 3901100
40 254150 3890304 254200 3890100
40 258450 3890904 258500 3890700
41 256750 3895504 256800 3895300
42 275550 3906604 275600 3906400
45 266650 3901054 266700 3900850
46 282000 3911654 282050 3911450
47 254950 3896204 255000 3896000
48 275450 3914304 275500 3914100
50 282250 3899504 282300 3899300
52 260050 3891054 260100 3890850
53 260350 3891304 260400 3891100
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Mount Taylor summit is located 20 km northeast of the 
small city of Grants (population about 9,200 in 2016) 
in west-central New Mexico (Fig. 2). The volcano forms 
a broad conical highland (Cover photo) cresting at an 
elevation of 3,445 m (11,301 ft) and is surrounded 
by several lava-capped mesas at elevations of roughly 
2,440 m (8,000 ft). Lowest elevations are located along 
the Río Paguate at 1,838 m (6,030 ft) near the southeast 
corner of the map. Ponderosa pine, blue spruce, 
white pine, and aspen forest characterize the higher 
elevations, which can receive several meters of snow 
in winter. Piñon-juniper forest, sagebrush, and chamisa 
(rabbitbrush) are most common at lower elevations. 
Watercourses contain cottonwood and sycamore. The 
mountain areas are home to black bear, cougar, and 
elk, whereas deer, coyote, feral horses, and rattlesnakes 
are more common on the mesas and basins. While the 
regional climate is semi-arid, Mount Taylor and Mesa 
Chivato, however, are classified as boreal or warm 
temporate with high humidity and warm summers. 
Summer monsoons bring thunder, lightning, and bursts 
of rain from late June through August. Average yearly 
precipitation in Grants from weather records is 267 mm/
year (10.5 in/year) while the Mount Taylor summit and 
Amphitheater receive more than 800–900 mm/year (31–
35 in/year; Meyer et al., 2014).

The largest mesa is Mesa Chivato, which extends 
beyond the northeast corner of our map, but other 
significant mesas include La Jara to the west and 
Horace to the southwest. Mesa Chivato can be divided 
into several smaller mesas herein named Seboyetita 
Mesa, Chupadero Mesa, Silver Dollar Mesa and 
Encinal Mesa. The mesas are flanked or cut by several 
basins and canyons that expose primarily Cretaceous 
and older strata, but which also may expose capping 
layers of lavas and beds of silicic tuffs. The most 
significant canyon flanking the volcano is Water 
Canyon. It holds the largest perennial stream, which 
drains the eastern end of Mount Taylor Amphitheater 
before turning south. On the west is the basin that 
includes the village of San Mateo and the San Mateo 
(or Mount Taylor) uranium mine. Coal Mine basin 
and Lobo Canyon lie to the southwest between La Jara 
and Horace mesas. Rinconada basin and Rinconada 
Canyon lie to the south-southwest. Several smaller 
but relatively deep canyons such as Seco and Two 
Mile canyons also drain to the south. Encinal, Bear, 
Paguate, and Seboyeta canyons drain the southeast 
side of the volcanic highland. The only basin to the 
north is San Lucas Valley, which is normally dry.

Mount Taylor Physical Setting

Oblique view looking northwest to Mount Taylor (3,445 m, 11,301 ft) and southwest Mesa Chivato to the right, showing geology superimposed 
on elevation. Note the clustering of 3.2–2.5 Ma, intermediate to silicic domes and flows in the summit area (crimson reds to purples) and the 
large, coalesced, Plio-Pleistocene fan of volcanic debris (brown), formed by erosion of material from the summit amphitheater and shed to 
the east-southeast. Younger, 2.5–1.26 Ma mafic rocks (lava flows) (mostly blues, grayish-blues, and violets) drape the flanks of the volcano. 
The 3.16 Ma Cerro Chivato (crimson red dome in the northeast) is part of an older volcanic center in southwestern Mesa Chivato now largely 
flooded by younger, 1.9–2.5 Ma basaltic lavas. Cretaceous rocks (green and yellow-green), which underlie the volcanic pile, are well exposed 
in canyons draining south, as well as in the San Mateo area in the northwest.
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