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Preface 

This bulletin has been compiled from the field guides for two complementary and somewhat 
unconventional trips offered as part of the International Association of Volcanology and Chem-
istry of the Earth's Interior (IAVCEI) General Assembly in Santa Fe, New Mexico, in June, 1989. 
One, a Field Workshop of the IAVCEI Commission on Explosive Volcanism, was pre-assembly 
trip 11WA to study ignimbrites and calderas of the Jemez Mountains, New Mexico, and the San 
Juan Mountains, Colorado. Only the New Mexico part of the original Field Workshop Handbook 
has been rewritten and updated here for this publication. The original Workshop Handbook was 
not prepared as a standard geologic road guide but more as a series of volcanologic explanations 
of individual outcrops, showing how each contributes to the overall picture of ignimbrite eruption 
and caldera evolution in the Jemez Mountains. Some minor stop omissions, stop sequence 
changes, and simplifications from the original 11WA Workshop Handbook have been made in 
this version to improve the field guide's general appeal. 

The field guide for White Rock Canyon was prepared for a 1-day-long trip to look at maar 
volcanoes along the Rio Grande. It is an unusual trip in that travel is by rubber raft. There are no 
odometer readings or road signs—descriptions are linked to side canyons along the Rio Grande. If 
you have your own raft, kayak, or canoe and know how to use it, you are ready to take this trip, 
which begins at Otowi Bridge along NM-4 (a permit is required from the main office of San 
Ildefonso Pueblo) or from Buckman Crossing, which is reached from Santa Fe (no permit re-
quired). Most rafters continue through White Rock Canyon to the boat docks at Cochiti Reser-
voir, where you leave the river. Plan for a very long day or camp along the river overnight. If you 
want to take the trip and have no way to float down the river, several of the northern New 
Mexican rafting companies occasionally have float trips through White Rock Canyon. 

On the raft trip, if you leave White Rock Canyon via the Frijoles (Upper Falls) trail, you are 
in Bandelier National Monument. Take no samples and pay an entry fee at Monument Head-
quarters (if someone is picking you up, they will have already paid the fee at the entrance). 

A few points should be borne in mind when following these field guides. Both trips present 
some degree of physical challenge, as the rafting and scaling of ignimbrite cliffs, while not re-
quiring special preparation or equipment, are perhaps a little more demanding than usual field 
trip routes. Weather is another consideration for these trips, especially in the higher elevations of 
the Jemez Mountains. Unless it is an exceptionally precipitation-free winter, snow and harsh 
weather conditions are likely to prevail between November and March at many of the stops in 
the multi-day field guide, and bad snow storms can close much of the area as late as May. 

Access for the geologist on foot and/or by vehicle in the Jemez Mountains, which encom-
pass a patchwork of Indian lands, private tracts, Department of Energy land, and National For-
est and National Monument areas, is ever changing. Obtaining permission to enter these lands 
can be a frustrating experience. Virtually the whole of the center of the Valles caldera, including 
the resurgent block, is owned by the Baca Land and Cattle Company and has been off limits in 
recent years, especially to large groups (although sometimes permits for small parties can be 
obtained), which is why it is not visited in this guide. An exception is the forest access road to 
Sulphur Springs at the Springs area itself, which is again private land held by another individual, 
but permission to visit can usually be obtained by contacting the owner. 

These two field trips represent, in markedly different ways, alternative approaches to un-
derstanding the geology of this remarkable volcanic region. Both will take the reader to parts 
of the Jemez Mountains rarely seen by geologists on regular road trips through the Valles 
caldera and its environs. If you follow these guides we urge you to make adequate preparations 
for the trips and to leave the Jemez Mountains and their natural and anthropological treasures 
in as good a state as you find them. 

Grant 

Heiken¹ 

Stephen Self² 

'Earth and Environmental Sciences 
Division Los Alamos National Laboratory 
Los Alamos, NM 87545 

²Hawaii Center for Volcanology and Dept. of Geology and Geophysics 
School of Ocean and Earth Science Technology 
University of Hawaii (Manoa) 
Honolulu, HI 96822 
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Introduction 
This field guide provides five days of trips through the 

volcanic Jemez Mountains of north-central New Mexico. 
Its main purpose is to guide the reader in examining the 
1.2-1.6 Ma Bandelier Tuffs, extensive ignimbrites 
emplaced during collapse of the Valles caldera, and re-
lated pyroclastic deposits. The guide provides a detailed 
overview of an ignimbrite and caldera complex of mod-
erate to large size. The Bandelier Tuff, consisting of the 
products of two major eruptions (circa 1.6 and 1.2 Ma; 
Spell, McDougall, and Doulgeris submitted) that yielded a 
combined magma (dense rock) volume of up to 650 km3, 
and the Valles caldera, 22 km in diameter, have most of 
the characteristics of the largest volume silicic volcanic 
systems found on Earth. 

The predominantly calc-alkaline Jemez Mountains vol-
canic field, located on the western edge of the Rio Grande 
rift in north-central New Mexico (Figs. V1, V2), has 
evolved over the past 13 m.y. It is best known for the 
eruptions of the Bandelier Tuff, which caused the forma-
tion of the Valles caldera complex (Smith and Bailey, 1966, 
1968). Products of contemporaneous effusive and explo-
sive basaltic volcanism in the Rio Grande rift can be seen 
interstratified with Jemez Mountains volcanic deposits on 
the eastern margin of the field (Gardner et al., 1986). The 
presence of rift-filling sedimentary sequences containing 
many primary pyroclastic units and a wide range of 
volcaniclastic sediments allow further interpretation  

of the tectonic and eruptive history of the field (e.g., 
Turbeville et al., 1989). 

Examination of the complex, intracontinental Jemez 
Mountain volcanic field presents an opportunity to gain 
insight into the volcanologic, petrologic, and structural 
events involved in the development of a major rhyolitic 
volcanic center. The aims of this guide are to 
demonstrate evidence for the way in which large silicic 
eruptive systems evolve, stressing the following points: 

How do large ignimbrite eruptions start? 
How are the outflow sheets deposited? 
When and how does caldera collapse begin? 
Where are the vents in such eruptions? 
Do vent sites switch during the eruption? 
What is the nature of intracaldera ignimbrites? 
What are the relationships between outflow and 

intracaldera ignimbrites? 
Because of the geographic distribution of the critical 

exposures and travel distances involved, this guide does 
not demonstrate all major parts of the stratigraphic se-
quence in order. Geological details in the road log be-
tween stops are kept at a minimum. Further details on 
the roadside geology for many of the same routes are 
obtainable in an earlier Geological Society of America 
field guide (Self et al., 1987) and in another IAVCEI 
Santa Fe Assembly field guide (Goff et al., 1989). 

Jemez Mountains stratigraphy 
The stratigraphy of the Jemez volcanic field consists of 

the Keres, Polvadera, and Tewa groups (Fig. V3). The 
Keres Group is volumetrically dominated by the Paliza 
Canyon Formation (13-7 Ma), which is mainly andesite 
with subordinate basalt and dacite, but includes two 
high-silica rhyolite formations (Canvas Canyon and 
Bearhead Rhyolites). Volcaniclastic rift-basin fill 
deposits of the Cochiti Formation are intimately related 
to, and commonly interbedded with, the volcanic rocks 
of the Keres Group. 

The Polvadera Group includes the Lobato Basalt, Tschi-
coma Formation (dacitic and andesitic), and El Rechuelos 
Rhyolite, which includes pre-caldera high-silica rhyolites 
(Loeffler et al., 1988). As defined, units of the Polvadera 
Group cover an age span from 14 to 2 Ma. Distinctions 
between many Polvadera and Keres Group formations,  

given their petrologic similarities and temporal overlaps, 
are merely geographic. The Puye Formation, equivalent 
in age to the upper Polvadera and lower Tewa groups, 
represents a large alluvial fan that was built off the con-
structive highlands of the Tschicoma lava domes in the 
northeastern Jemez Mountains. 

The Tewa Group is volumetrically dominated by the 
Bandelier Tuff, the products of two large-volume ignim-
brite and caldera-forming eruptions. The Otowi (lower) 
and Tshirege (upper) members of the Bandelier Tuff were 
deposited at 1.6 and 1.2 Ma, respectively'. Both eruptions 

'Where possible, the ages used throughout this guide are 
new 39Ar/40Ar dates of Spell et al., (1990), Spell and Harrison 
(1993 ), Izett and Obradovich (1994), and Spell et al. 
(submitted) which revise the original K-Ar ages given by Doell 
et al. (1968). 



 
led to the recognized episodes of caldera development, 
the earlier Toledo and later Valles stages, producing the 
nested caldera complex collapses seen today. Evidence 
summarized by Goff et al. (1989) suggests that only the 
1.14 Ma event led to structural and magmatic resurgence. 

Eruptions of tephra and rhyolite domes in the caldera 
moat last occurred at about 0.2 Ma (Self et al., 1991; Spell 
and Harrison, 1993), or perhaps as young as 60 ka (Wolff 
and Gardner, 1995); hydrothermal activity persists to the 
present day. The system must still be considered active. 

Tectonic and volcanic history of the Jemez Mountains 
The Jemez Mountains volcanic field lies at the inter-

section of the Jemez lineament with the western boundary 
faults of the Rio Grande rift. Thin (35 km) crust and late 
Cenozoic basaltic volcanism characterize this Miocene to 
Recent age rift. The rift contains several en echelon 
sedimentary basins; volcanic rocks of the Jemez 
Mountains overlie and interfinger with sediments of the 
western Española Basin. The Jemez lineament was origi-
nally recognized as a northeast-trending alignment of 
young volcanic fields stretching from eastern Arizona to 
southeastern Colorado, following the southeast margin of 
the Colorado Plateau. Recent work (Aldrich and Laughlin, 
1984) has shown that regionally it represents a complex 
zone of concentrated tectonic activity. Within the Jemez 
volcanic field the lineament is a structural entity possibly 
inherited from a fault zone originating in the Precambrian 
basement. It is expressed as the Jemez fault  

zone in San Diego Canyon, as the structure within the 
resurgent dome of Valles caldera (Gardner and Goff, 
1984), and as faults occurring further to the northeast 
(Aldrich, 1986). The contiguous depression in the north-
east Valles caldera that is filled by post-Toledo age Cerro 
Toledo rhyolites was previously known as the Toledo 
caldera (Smith et al., 1970) but is now referred to as the 
Toledo embayment (Fig. V2b). The origin of this structure 
is not yet resolved, but it may have developed in the 
Tschicoma volcanic complex prior to formation of the 
Toledo stage caldera (Heiken et al., 1986; Self et al., 1986). 

Volcanic activity in the Jemez region began with 
mantle-derived alkaline basalts at about 16.5 Ma (Gardner 
et al., 1986). Poor exposure and complex interbedding 
with basin-fill sediments of the Santa Fe Group prevent 
knowledge of the distribution and vent localities for these 
basalts. In the period from 13 to 10 Ma the Jemez Moun- 



 

tains volcanic edifice began to build, with early Keres 
Group volcanism producing basaltic, rhyolitic, and minor 
intermediate products. Evolved basaltic lavas of this 
period are interbedded with coarse-grained debris-flow 
deposits and basin-fill gravels (Cochiti Formation). High- 

silica rhyolite lavas and pyroclastic deposits were erupted 
from vents aligned along north—south trending faults. 
These relations suggest that intense tectonic activity oc-
curred during this period and that faults provided conduits 
for the magmas. Although exposures are sparse, it 



 
appears that the basalts were erupted in the vicinity of the 
Jemez lineament—Rio Grande rift intersection and flowed 
eastward into the rift. 

Basalt and high-silica rhyolite continued to be erupted 
during the period from 10 to 7 Ma but were volumetrically 
overwhelmed by effusion of some 1000 km3 of Paliza 
Canyon andesite and subordinate rhyodacite. This activity 
centered on the lineament—rift intersection even more 
strikingly than basaltic activity prior to 10 Ma. Half the 
volume of the entire Jemez volcanic field was erupted in 
this brief 3 m.y. period. The Paliza Canyon andesite vol-
canoes probably formed a major edifice before the Ban-
delier Tuff eruptions occurred. 

A compilation of available age dates for predominant rock 
types from the Jemez Mountains region shows three 
noteworthy features (Gardner and Goff, 1984): (1) a prob  

able 3 m.y. gap in basaltic volcanism occurred from 7 to 
4 Ma; (2) at 7 to 6 Ma, coincident with the beginning of 
the lull in basaltic volcanism, there was a change in the 
composition of intermediate vulcanism from dominantly 
andesitic to dacitic; and (3) the revival of basaltic volca-
nism at about 4 Ma preceded the onset of the earliest 
eruption of Bandelier-type rhyolitic magma. Further-
more, at about 7 Ma a sharp reduction in the rate of vol-
canism occurred. Gardner and Goff (1984) suggest that 
these temporally coincident events indicate a lull in tec-
tonic activity, and Gardner et al. (1986) point out that the 
geometry of the Puye Formation volcaniclastic alluvial 
fan, built largely in this period, also indicates tectonic 
stability. 

The transition from predominantly andesitic to dacitic 
volcanism at about 7-6 Ma reflects a major change of mag- 



 

matic processes in response to the tectonic lull. Pockets 
of basalt and basaltic andesite began to coalesce with 
pods of high-silica rhyolite, yielding intermediate magma 
chambers, from which portions were erupted as the hy-
brid dacitic lavas of the Tschicoma Formation. The focus 
of volcanism in this period (7-4 Ma) was again centered 
on the lineament—rift intersection, and the Tschicoma 
volcanic complex grew to be a major edifice in the period 
immediately before the Bandelier eruptions. Further de-
tails on the pre-Bandelier history of the Jemez Mountains 
and a day of field stops examining the rock evidence can 
be found in another field guide (Self et al., 1987). 

Since 4 Ma, with renewed tectonic activity in the rift, 
further basaltic volcanism occurred peripherally to the 
Jemez Mountains volcanic field, and rift-related faulting 
shifted eastward of its former position to the Pajarito 
fault zone. These events, together with later small-volume 
eruptions of Bandelier-type rhyolite magma (the San Di-
ego Canyon ignimbrites; Turbeville and Self, 1988), and 
eruptions of dacitic lavas in the Tschicoma volcanic cen-
ter (Doell et al., 1968; Smith et al., 1970; Smith, 1979; 
Gardner et al., 1986), indicate the presence of shallow si-
licic magma chambers centered beneath the lineament—
rift intersection after about 4 Ma. 

Tewa Group volcanism: 
the Bandelier Tuffs and Valles caldera 

San Diego Canyon ignimbrites 
Magmatic activity in the Jemez Mountains culminated in 

a series of rhyolitic explosive and effusive episodes, 
formally assembled as the Tewa group (Fig. V3). Radio-
metric age dating of the Jemez Mountains rhyolites has 
proven difficult due mainly to xenocrystic phases in the 
erupted magmas. The currently accepted ages based 
mainly on recent 40Ar/39Ar dating are shown in Table Vl. 
The earliest known rhyolitic pyroclastic units are two 
lithic-rich, nonwelded ignimbrites (designated A and B) 
exposed along the southwestern topographic wall of 
Valles caldera and in San Diego Canyon, informally called 
the San Diego Canyon ignimbrites (Turbeville and Self, 
1988). The age of these units by 40Ar/39Ar dating is 1.78 
Ma, determined on sanidine separated from pumice clasts 
of ignimbrites A and B (Spell et al., 1990). Both ignim-
brites contain nearly aphyric, high-silica rhyolite pumice 
and have localized coarse pumice rafts; lag breccias in 
Valles caldera wall exposures indicate relative proximity to 
vents. Distinctive tube pumice within the ignimbrites and 
trace-element patterns allow correlation of ig- 



 

nimbrite B with a pumice-fall deposit in the upper part 
of the Puye Formation (Turbeville and Self, 1988). 
Eruption of these early ignimbrites may have led to the 
formation of small calderas. 

Lower Bandelier Tuff (Otowi Member) (1.61 ± 0.01 
Ma) 

The Bandelier Tuff consists of two rhyolitic ignimbrites 
and associated deposits (Fig. V4). The older Otowi Member 
(or lower Bandelier Tuff, LBT) attains a maximum thickness 
of 180 m and occurs in all parts of the Jemez Mountains 
(Fig. V5). It originally had an estimated volume of about 400 
km3 dense rock equivalent (DRE) of nonwelded to densely 
welded ignimbrite and Plinian deposits. 

The initial Guaje Plinian pumice-fall deposit has a maxi-
mum thickness of about 10 m and an estimated volume of 
20 km3 DRE. Tephra fall from the Bandelier eruptions has 
been correlated as far as Lubbock, Texas (Izett et al., 1972), 
but probably fell well to the east of that area. The LBT 
eruption was accompanied by the engulfment of a large area 
of country overlying the magma chamber and formation of 
the 22-km-diameter Toledo caldera (Smith and 

Bailey, 1966, 1968). A semi-circular, 9-km-diameter depres-
sion in the northeastern Jemez Mountains, initially identi-
fied as part of the Toledo caldera (Smith and Bailey, 1968), 
may be an older feature as it contains older lava domes as 
well as the inter-Bandelier Cerro Toledo Rhyolite lavas 
(Goff et al., 1984). It is now usually referred to as the To-
ledo embayment (Fig. V6). Several lines of evidence sum-
marized in Heiken et al. (1986) and Self et al. (1986) suggest 
that the first major (Toledo) collapse caldera was roughly 
coincident with the later Valles structure. 

Cerro Toledo rhyolites and associated pyroclastic 
deposits 

Following the eruption of the LBT, a series of rhyolitic 
lava domes and flows, the Cerro Toledo rhyolites, were 
emplaced along the northern moat of the Toledo caldera 
and in the Toledo embayment (Bailey et al., 1969; Heiken 
et al., 1986; Table V1). These domes include Rabbit Moun-
tain, Los Posos, Cerro Toledo, and several other small 
domes that predate the onset of Tshirege volcanism and 
possibly mark the outline of the Toledo collapse ring frac-
ture (Fig. V6). Extracaldera Plinian pumice deposits as- 



sociated with these lava domes, the Cerro Toledo Rhyo-
lite tuffs, occur interbedded with epiclastic sediments and 
phreatomagmatic ash. Activity associated with the Cerro 
Toledo Rhyolite persisted until about 1.2 Ma (Izett et al., 
1981; Spell, et al, in preparation). 

Upper (Tshirege Member) Bandelier Tuff 
(1.23 ± 0.01 Ma) 

The second Bandelier eruption produced the Tshirege 
Member (or upper Bandelier Tuff, UBT), which consists 
of a basal Plinian deposit (Tsankawi Pumice) totaling 
about 15 km3 (DRE) and an overlying sequence of ignim-
brite flow units (Smith and Bailey, 1966; Kite, 1985). The 
ignimbrite has a maximum thickness of 275 m and an 
estimated original volume of 250 km3 (DRE). The initial 
pumice-fall unit associated with UBT activity may be 
phreatomagmatic in origin, in accord with the existence of 
a caldera lake at that time. Eruption of the UBT initiated 
the collapse of the Valles caldera, nested within the 
Toledo caldera. Both calderas may have collapsed in a 
predominantly trap-door fashion about a westward hinge. 
This interpretation, suggested by gravity and drill-hole data 
(see Nielson and Hulen, 1984), is also consistent with the 
past existence of an intracaldera lake; lacus- 
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trine deposits thicken dramatically to the east within the 
caldera (Heiken et al., 1986). Lava domes were emplaced 
within the Valles caldera in the period following forma-
tion and have continued to perhaps 100,000 years ago 
(Fig. V6B; Table V1). 

Resurgence of the Valles caldera involving uplift of the 
intracaldera ignimbrites by more than 1000 m occurred 
less than 70 ka after collapse (Spell et al., 1990). In recent 
years advances have been made in understanding the 
structural details of the intracaldera sequence (Nielson 
and Hulen, 1984; Heiken et al., 1986; Wilt and Vonder 
Haar, 1986). Much of the interpretation relies on gravity 
data (e.g., Segar, 1974) and shows that fault patterns par-
allel the Jemez fault zones and Rio Grande rift faults. 
(For details, see Stop 19.) 

The deeper structure of the Jemez Mountains region 
has been investigated by various seismic methods. 
Ankeny et al. (1986) suggest a possible model based 
on a three dimensional inversion interpretation (Fig. 
V7). The depth to and presence of the basaltic 
intrusion are unknown, but this model provides a 
plausible, overall picture of the Valles caldera and its 
subsurface structure. 

Valles rhyolites and associated deposits 
The later stages of Jemez Mountains volcanism consist of 

the eruption of rhyolitic domes and lava flows moat zone 
of the Valles caldera (Table V1; Fig. V6b). Thick (300400 
m) intracaldera ignimbrites younger than the UBT  

are found in drill cores, the "Upper Tuffs" of Nielson and 
Hulen (1984) and Hulen et al. (1988). As recent as 0.5 Ma 
these were of high-silica rhyolite composition (Spell 1987; 
Spell and Kyle, 1989). Erupted magma composition 
changed from high-silica rhyolite to low-silica rhyolite 
after 0.5 Ma (Table V2). 

One of the latest eruptive episodes in the Jemez Moun-
tains was thought to have occurred about 0.3 Ma, and 
resulted in the El Cajete pumice fall and associated Battle-
ship Rock ignimbrite, together with a lava flow known 
only from drill core (VC-1 Rhyolite Lava of Goff et al., 
1986). This complex sequence is capped by the product 
of the last eruption from the Valles caldera, the Banco 
Bonito obsidian flow. Determination of the age of these 
units has proved difficult; the published 40Ar/39Ar ages 
on the El Cajete, Battleship Rock, and Banco Bonito 
units range from 0.5 to 0.2 Ma (Spell and Harrison, 1993). 
Self et al. (1991) suggest that an eruption at about 300 ka 
produced the El Cajete—Battleship Rock—VC1 rhyolite 
units, and that a slightly later eruption at about 200-150 
ka yielded the Banco Bonito lava and associated 
pyroclastic rocks. This scenario is supported by 40Ar/39Ar 
ages of Spell and Harrison (1993), see Table V1, but a 
new study has suggested an age of about 60 ka for these 
units (Wolff and Gardner, 1995). 

Geochemistry of the Bandelier Tuff 
The two Bandelier ignimbrites and their associated 

Plinian deposits resulted from eruptions of zoned magma 

 



 
systems (Smith and Bailey, 1966), with compositions 
from high- to low-silica rhyolite. Detailed descriptions 
of their geochemistry can be found in Self et al. (1991) 
and Dunbar and Hervig (1992). 

The LBT consists almost entirely of high-silica rhyolite 
of constant major element composition with pronounced 
variations in minor and trace elements (Table V2), accom  

panied by phenocryst contents from 7.5 to 19.5% (Self et 
al., 1991). In proximal sections, these variations are sys-
tematic from first-erupted to last-erupted units, and closely 
mimic element zoning patterns seen in the Bishop Tuff 
(Hildreth, 1979) and other high-silica rhyolites (Fig. V8). 
The chemical profiles are fully consistent with fractionation 
of the observed phenocryst assemblage of quartz 
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+ alkali feldspar + ferrohedenbergite + orthopyroxene + 
fayalite + magnetite + zircon + allanite + apatite (as in-
clusions in other phases) + chevkinite. Only sanidine and 
quartz are present in amounts greater than 1%. Incom-
patible element plots exhibit very little scatter (Fig. V9) 
attributed to fractionation from an initially homogeneous 
starting composition. In distal sections, the variation is 
more chaotic and a range of pumice compositions is ob-
served within any one flow unit. However, the Guaje 
basal Plinian deposit predominantly consists of the most 
highly fractionated materials and represents tapping of 
the uppermost layer of the zoned magma chamber. Con-
centrations of H20 and F in melt inclusions found in 
quartz, sanidine, and pyroxene phenocrysts also indicate 
enrichment of the Plinian tephra in these volatiles relative 
to the ignimbrite (Dunbar and Hervig, 1992). Mafic 
pumice occurs as a trace component in the LBT; it is 
most abundant in banded pumice clasts found in pumice 
swarms at the base of the lowest flow unit at Stop 3. 
Neodymium and strontium isotopic data indicate these 
pumice clasts originate by mixing of the LBT high-silica 
rhyolite with basement Proterozoic granite and by 
assimilation and melting of Precambrian country rock 
into the LBT magma shortly before or during the 
eruption (Self et al., 1991). 

The UBT is more heterogeneous petrographically and 
more chaotic geochemically. As well as the dominant high-
silica rhyolite, low-silica (about 73% Si02) rhyolite and 
dacite (69% Si02) pumice occur in trace to minor amounts 
(Fig. V9). The dacite first appears about halfway up the 
Tsankawi Plinian layer and is found throughout the ig-
nimbrite. A wide range of pumice compositions (dacite, 
low-silica rhyolite, and high-silica rhyolite of varying trace 
element abundances) may be found within individual flow 
units, particularly in the late-erupted units at Stop 9. How-
ever, as with the LBT, the Plinian layer appears to consist 
of the most fractionated material. The UBT shows a range 
in, and a systematic variation of, crystal contents similar to 
the LBT. The phenocryst assemblage is quartz + alkali 
feldspar + ferrohedenbergite + orthopyroxene + magne-
tite + ilmenite + fayalite + chevkinite + apatite + 
hornblende + biotite in high-silica rhyolite. Low-silica 
rhyolite is similar with increased abundances of mafic 
phases, especially hornblende and biotite, and plagioclase. 

The distinctive grey dacite pumice consists of pheno-
crysts of plagioclase + two pyroxenes + Fe—Ti oxides 
+ biotite + hornblende set in a microvesicular 
groundmass containing up to 80% microlites; the 
texture indicates vesiculation after microlite growth, 
which therefore must have preceded eruption. Close 
inspection of clasts frequently reveals a jacket of highly 
vesicular high-silica rhyolite glass that is largely abraded 
during transport, and many clasts may have originally 
been erupted as "cored bombs." Shapes vary from 
orthogonal tabular to spindles. The dacite pumice 
represents a small quantity of more mafic magma mixed 
into, and quenched by, the dominant rhyolite shortly 
prior to the eruption. These data suggest that the dacite 
was injected into and chilled against the dominant 
rhyolite melt (Self et al., 1991). Geochemically the dacite 
is unrelated to the rest of the Tewa Group magmas. A 
second type of banded pumice is texturally similar to 
those in the Otowi and is considered to have a similar 
origin, i.e., melted country rock granite. 

Although trace-element variations in UBT high-silica 
rhyolite and low-silica rhyolite are generally similar to those 
in the LBT, there is much more scatter in incompatible-
element ratios (Fig. V9) suggesting fractionation of the 
observed assemblage from heterogeneous parent material. 
The UBT heterogeneous parent can be modeled as a 
mixture of the LBT high-silica rhyolite and mafic 
components (Balsley et al., 1987; Skuba et al., 1989). Mix-
ing of these components into the system therefore did not 
proceed to completion before renewed fractionation began 
to re-zone the system following the LBT eruption. The 
dacite pumice has trace element characteristics inap-
propriate for a UBT parent and seems to represent a 
magma unrelated to the Bandelier system. 

Each Bandelier Plinian-ignimbrite sequence contains 
several distinct pumice types with variable crystal con-
tents (aphyric to 30 wt%) depending partly on composi-
tion. The Plinian deposits have rhyolitic pumice from 1 to 
5 wt% phenocrysts, while the rhyolitic ignimbrite pumice 
clasts possess from 8 to 20 wt% phenocrysts. When 
crystal concentration in the pyroclastic deposits is noted 
in this guide, it is calculated relative to the average crystal 
content of the most common pumice type in the Plinian 
deposit or ignimbrite being discussed. 
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Field guide 

Field guide stops in the Jemez Mountains are shown in 
Figure V10. The day-by-day accounts give routes from 
the intersection of NM-502/4 and Overlook Drive in 
White Rock, New Mexico (0 miles). Road distances are 
given in miles, but all other measurements in this guide 
use the metric scale. 

Stops are designated by numbers. Those with the suffix 
"A" are alternate stops which can be made if time permits. 
After access information for each stop is given, a descrip-
tion will follow the order: significance to the theme of the 
field guide, description of the outcrop, and summary. 

Days 1 and 2 will give the reader with less time to spare 
a general overview of the silicic, caldera-related volcanism 
of the Jemez Mountains. Days 3 to 5 fill in the details. 
Table V3 shows which units, arranged stratigraphically, 
can be seen at which stops on this field guide. 

Day 1: General characteristics of the Bandelier 
ignimbrites and related units 

Drive northeast from White Rock on NM-4 until the other 
part of the NM-502/4 loop (through Los Alamos town) is 
reached at the Y-junction (4.3 mi). Veer right (east) and 
proceed downhill for about 4 miles until it is possible to safely 
make a U-turn and start back up the hill in the westbound 
lanes of NM-4. After you have reached the base of the 
Bandelier Tuff (massive pumice fall unit), pull onto the wide 
shoulder, well out of traffic. The outcrop is in the cliffs on the 
north side of the road. Do not attempt to walk across this 
busy highway! 

Stop 1: Upper and lower Bandelier ignimbrite near 
edge of outflow sheet, Otowi Mesa 

Significance: This outcrop provides a good introduc- 

 



 
tion to the stratigraphy of the outflow sheet of the two 
Bandelier ignimbrites. 

Description: Only parts of the sequence of the Bande-
lier ignimbrites are seen here on the edge of the Pajarito 
Plateau (the gently sloping surface formed by the 
Bandelier ignimbrite sheet east of the Jemez Mountains). 
The exposure is 23 km from the Valles caldera ring frac-
ture and about 28 km from the proposed early vent sites 
for these eruptions (Self et al., 1986) and thus is medial to 
distal. The original distal margins of the ignimbrites must  

have extended further downslope but have been eroded 
away. The two Bandelier ignimbrites, LBT (Otowi) and 
UBT (Tshirege), are disconformable (Fig. V11); the LBT 
rests on soil and lacustrine silts, which in turn overlie a 
basalt dated at 2.4 Ma (Bachman and Mehnert, 1978). In 
the Bandelier ignimbrites, flow units, i.e., depositional 
aspects, of the deposits, are not always easy to relate to the 
more obvious (in the field) cooling unit boundaries of 
Smith and Bailey (1966). 

Guaje pumice deposit: The lower Bandelier Plinian de- 



posit (to be examined in detail at Stop 3) is 7 m thick at 
this site. The group of bedded fall units at the top is thicker 
than at Stop 3, showing that this upper group of fall units 
thickens towards the south. These are best seen in a small 
pumice borrow pit some 200 m east of the main cliff (Fig. 
V11, bottom right). 

Lower Bandelier Tuff: Above the thick Plinian deposit are 
two ignimbrite flow units totaling 40 m in thickness. The 
flow unit boundary is a cryptic pumice concentration zone. 
These units are typical of the lower LBT; most exposures 
show homogeneous nonwelded ignimbrite that is more 
lithic-rich than the UBT (Fig. V12), a general characteristic 
of the LBT. Here, in the medial to distal part of the sheet, 
lithic contents are generally low (LBT, 10.3 wt%; UBT, 2.7 
wt%), whereas crystal contents are high (LBT,  
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21.8 wt%; UBT, 23.6 wt%), representing crystal enrich-
ment factors (Walker, 1972) of 2.2 in the LBT and 1.8 in 
the UBT. Enrichment factors are the amount by which an 
ignimbrite or fall deposit is enriched in loose crystals over 
the abundance of crystal (phenocrysts) in the juvenile 
material (pumice). Higher enrichment factors indicate 
more violent eruptions. 

Toward the source, the LBT (and UBT) has a basal set 
of thin flow units (Fig. V13) that are pumice-rich, but 
these pinch out before Stop 1 in the LBT. Little can be 
determined about the LBT eruption in this general area, 
other than the nature of the opening Plinian phases due to 
the high degree of dissection and erosion and lack of 
complete exposures of the ignimbrite. 

Upper Bandelier Tuff: The most widespread Plinian layer 

 



 

of the Bandelier eruptions, upper Bandelier Plinian fall-
unit B (part of the Tsankawi pumice deposits) forms the 
base of the UBT sequence (Fig. V14). Note the high 
crystal content (enrichment factor of 7) at this location, 
which is located on the upwind side of the dispersal area. 
This is one of the highest measured in any pyroclastic 
deposit anywhere. It is overlain by a group of bedded 
fine ashes (unit C) that are either fall or surge deposits or 
both. Unit C is part of the Plinian sequence, and a 
remnant of Plinian fall unit D or E can be found above 
it; the full UB Plinian sequence is best seen at Stop 13. 
Fall-units D and E, and usually part of C, were largely 
eroded during deposition of the ignimbrite in this eastern 
part of the Jemez Mountains. 

Eleven or more flow units occur in the 38 m thickness 
of UB ignimbrite here. They are divisible into three groups 
or packages (Fig. V14), a lower thick group containing one 
or two flow units, a middle group of thin flow units 
showing strong pumice zonation, and an upper, incipiently 
welded unit (top of mesa). Thin ground (or ash cloud) 
surge layers are seen between flow units in the middle 
group (cf., Fisher, 1979). 

The upper Bandelier ignimbrite shows an increasing 
number of flow units from more proximal to more distal 
exposures up to the area of Stop 1 (Fig. V13). The increas-
ing number of thin units appearing in the upper and 
middle zones of the UBT reflects budding of units down 
flow. Beyond Stop 1, the number of flow units decreases 
towards more distal exposures. Samples of the main lower 
flow unit collected at intervals downflow from basal and 
middle horizons show no clear trend in content of crystals, 
save for a slight decrease in distal parts. 

The UBT has a prominent bench (Figs. V13, V14) near 
the upper part of the lower zone. This can be attributed 
to the onset of vapor-phase alteration, which begins just 
below the bench, overprinting incipient welding (or ther-
mally induced discoloration), as suggested by Crowe et 
al. (1978). 

Summary: The main purpose of this stop is to present 
an overview of the Bandelier ignimbrite outflow sheets. 
Points to consider include: (1) the presence of "cryptic"  

flow unit boundaries, and the deposition of thick flow 
units, exemplified by the lower part of the LBT here and 
elsewhere (Fig. V13); and (2) the significance of the fine-
grained deposits (unit C and/or surges at the base of the 
UBT; see also Stop 3). Are they the result of phreatomag-
matic activity? Note that a distal exposure of upper Ban-
delier ignimbrite to the northeast of Stop 1, which cannot 
usually be visited as it is on Indian tribal grounds, has 
accretionary lapilli in the basal flow unit. These may have 
been picked up from unit C during the erosive passage of 
the lowermost flow unit, but to date unit C (in outcrop) 
has not been found to contain accretionary lapilli. The 
extreme crystal enrichment factor in the UB (Tsankawi) 
Plinian deposit indicates a very powerful ultraplinian 
eruption (Walker, 1981). 

Continue west, taking the freeway back toward White Rock. 
Again, make a U-turn when it is safe and go east on NM-4 
toward Santa Fe. Reset your mileage to zero when you are 
opposite the point where you were looking at the complete sec-
tion of Bandelier Tuff Continue east on NM-4 for 2.6 mi, de-
scending through Cerros del Rio basalts, Totavi and Puye for-
mations, and Chamita Formation (sands and gravels filling 
Espanola Basin); turn left at metal gate onto Forest Service 
(FS) road 57/442; enter Guaje Canyon. Drive for 3.8 mi 
upcanyon, and turn right off road onto a gravel track, which in 
50 meters makes a circle (6.4 mi). Park and walk to stream 
bed following unnamed arroyo (north). High on the west side of 
canyon is outcrop of LBT Plinian deposit with "tent rock" 
erosional forms. The outcrops for Stop 2 occur at the east side 
of the entrance of the small arroyo (Totavi deposits) and about 
500 m to the north of the parking area, along the small arroyo 
where the channel becomes very narrow and winding (Puye 
ignimbrite and pumice-fall deposits). 

Stop 2: Puye Formation—pre-Bandelier volcanism and 
sedimentation from the Tschicoma volcanic complex 

Significance: The Puye and Totavi formations are 
coarse sedimentary and primary volcanic units that give 
evidence of the styles of volcanism and volcaniclastic sedi-
mentation occurring before the onset of Bandelier volca-
nism, i.e., up to about 2.0 Ma. The Totavi Formation 
consists of axial stream gravels of the ancestral Rio 
Grande in this area, with some input from local volcanism 
(Waresback and Turbeville, 1990). The Puye Formation 
(Fig. V15) is a volcanogenic alluvial fan sequence with 
many primary fall and flow deposits, largely of dacite 
composition with subordinate andesite, derived mainly 
from explosive volcanism accompanying the effusion of 
Tschicoma lava domes in the period from 5.0 to 2.0 Ma 
(Turbeville et al., 1989). 

Description: This stop explores an unnamed dry arroyo 
that gives an excellent strike section through the mid-fan 
Puye Formation. The Puye deposits consist of primary 
dacitic pumice-fall deposits derived from explosive erup-
tions in the Tschicoma volcanic center, small nonwelded 
dacitic ignimbrites (e.g., the Puye ignimbrite, 2.5 Ma; Fig. 
V16), and debris flows representing reworked ignimbrite, 
talus, and carapace rocks from associated lava domes and 
flows. Stream-channel and pumice-rich mudflow deposits 
are also common in this mid-fan section. This stop also 
includes an outcrop that was misinterpreted as fluvial 
deposits of the Totavi Formation as "wet surge" deposits 
(Nocita, 1988; corrected by McPherson et al., 1989). 

Summary: The history of the Jemez Mountains prior 
to the onset of high-silica rhyolite-dominated Bandelier 



 

volcanism included many dacitic and andesitic explosive 
eruptions and led to the formation of the Puye fan. 

Return to FS-57/422 and continue up Guaje Canyon to the 
junction with Rendija Canyon (FS-57 and 442), then continue 
ahead on FS-442 in Guaje Canyon. At the junction with 

FS-416, take the hairpin curve to the right uphill on FS-416. 
This road climbs through the Puye Formation. At the top of the 
mesa there is a good view down Guaje Canyon over the 
Bandelier/Puye surface. Continue on FS-416 and, when it 
bears left, continue to the Copar pumice quarries (9.0 mi). You 
must obtain permission to enter the quarry. 



 

Stop 3: LBT (Guaje) pumice-fall deposit and Bandelier 
ignimbrites 

Significance: At this location, 18 km from the Valles 
caldera ring fracture and 24 km from the middle of the 
caldera, the sequence of deposits produced during the 
opening phases of the LBT eruption is seen. An idea of the 
magnitude and dynamics of the Plinian eruption can be 
obtained from the evidence displayed here. 

Description: The quarry workings expose more than 10 
m of lower Bandelier Plinian pumice deposit (Guaje Pumice 
Bed of Bailey et al., 1969). A massive (9 m thick) graded fall 
unit, A, underlies bedded fall-units B to E (Fig. V17), which 
in turn are overlain by the nonwelded lower Bandelier 
(Otowi) ignimbrite with "pumice dunes" at the base. 

Fall unit A has an extremely homogeneous lower part 
(Fig. V18) and an upper 3 m section that shows vague 
stratification. Maximum pumice and lithic diameters (here 
designated MP and ML, average diameter of five largest 
pumice clasts and lithic clasts, respectively) and median 
clast diameters (Md) do not change through the deposit; a 
very steady eruption column and constant depositional 
conditions are indicated. Stop 3 is about 20 km from the 
source vent for the LB Plinian eruption (Self et al., 1986), 
and the fall units show no ballistic lithic clasts consistent 
with this interpretation. The large thickness of pumice fall 
accumulated along a narrow dispersal axis. Several lines of 
evidence suggest a relatively low eruption column. These 
include the lack of crystal concentra- 



 
tion (enrichment factor about 1.0), the comparatively 
small maximum grain sizes (MP = 8 cm and ML = 3 cm 
in the area of Stop 1), and modeling results. Using the 
fallout model of Carey and Sparks (1986), the dispersal of 
lithic clasts indicates an eruption column height on the 
order of 20 km or less (22 km altitude including the el-
evation of the vent region). However, there must have 
been a strong westerly wind blowing, as indicated by the 
elongate isopachs and isopleths; winds in excess of 50 
m/s are plausible in jet stream conditions that occur in 
this region at altitudes below 20 km. Mixed pumice clasts 
of grey dacite intermingled with high-silica rhyolite can 

be found in unit A, which has the most evolved high-silica 
rhyolite composition in all the Bandelier Tuff. 

This exposure occurs on the dispersal axis of fall unit A, 
which has an easterly distribution and elongate isopachs 
(Fig. V19). In our interpretation, unit A was not deposited 
in the southern Jemez Mountains, but units B to E occur 
there (Stop 7). 

The interpretation that unit A is absent in the south, 
west, and north of the Jemez Mountains is based on the 
presence of more lithic-rich, strongly stratified fall units in 
these regions that strongly resemble fall units B to E at the 
Copar quarries. These units are apparently widely 



dispersed (Fig. V19) with a southeasterly dispersal axis, 
although correlation between the eastern sector and the 
south is made difficult by the absence of LBT exposures 
in the intervening region. Fall unit B is lithic-rich (up to 
25 wt%) representing deposition during a vent-widening 
episode and is variably stratified. As represented on the 
isopach map, it may be a combination of several fall units 
with variable dispersal axes. Unit C is coarse and more 
homogeneous and probably represents the period of 
highest eruption columns and greatest mass flux during 
the LBT Plinian eruption. Units D and E are rarely 
exposed due to widespread erosion of the top of the 
pumice-fall deposits by early, violent pyroclastic flows. 
Units B, C, D, and E have traces of fine ash between 
them in this area, and, to the north of Stop 3, a fluvial 
erosion channel can be seen cut into unit D, indicating a 
slight pause in deposition at that point in time. The fine 
ash layers will be seen again at Stop 7. 

Volumes of the LBT Plinian deposits are difficult to 
estimate because it is impossible to close all but the thickest 
isopachs due to lack of distal exposures. The bulk volume 
of unit A could be a little as 7 km3 or as much as 30 km3; 
volumes of units B to E over the present area of dispersal 
total 11 km3 but originally must have been much larger. Up 
to 65 km3 bulk volume can be reconstructed for units B to 
E using reasonable closures of the isopachs. 

Distal equivalents are found in Texas, 550 km from source 
(Izett et al., 1971), and have been correlated composition-
ally to the LBT Plinian deposit (Izett, 1981). However, ash 
thicknesses in Texas suggest that these distal ash falls lie on 
different thinning curves than the Plinian deposits (Fig. 
V20), and they may be co-ignimbrite ashes. 

The LBT in this area shows a similar sequence to that 
at Stop 1 and is examined only to view evidence of thin, 
violently emplaced flow units that possess dunelike 
lenses of coarse pumice clasts. The lowermost 1 to 1.5 
m of the LBT is a flow unit that contains casts of trees 
felled during the eruption. The casts have been used to 
interpret flow directions of the pyroclastic flows (Potter 
and Oberthal, 1983); they occur just above the contact 
of the Plinian deposit and the ignimbrite. 

Summary: The LBT eruption began with a very steady, 
moderate intensity Plinian phase (unit A) followed by 
successive Plinian phases indicative of column instabilities 
and increasing intensity interpreted on the basis of 
lithic content and lithic isopleth, reaching a climax dur-
ing deposition of fall unit C. Some pauses in deposition 
may have occurred. The first pyroclastic flows to arrive 
in this area were violently emplaced, having formed basal 
pumice dunes (a type of layer 1P deposit) by some kind 
of turbulent mixing process at the flow head, perhaps 
analogous to processes envisaged to occur in the Taupo 
ignimbrite (Wilson, 1985). 

To reach Stop 3A, walk or drive about 600 m (this mileage is 
not included in the log) to the northeast from the main Copar 
pumice pits following a jeep trail that passes trial pumice ex-
cavations. The trail enters a small, unnamed arroyo where you 
should turn right and walk downstream about 30 m until the 
arroyo makes a sharp right turn. The unit of interest lies in the 
east bank just above the stream bed. 

Stop 3A: Pre-Bandelier high-silica rhyolite Plinian 
deposit at top of Puye Formation 

Significance: The arroyo bank exposes a 2-m-thick 
Plinian deposit (Fig. V21) that correlates with the pre-
Bandelier San Diego Canyon (SDC) ignimbrites exposed 
in the southwest part of the Jemez Mountains (Turbeville 
and Self, 1988). Such exposures of pre-Bandelier high-
silica rhyolite pumice falls are rare in the Jemez field; only 
one other exposure of a similar deposit is known. 

Description: The age of this Plinian deposit is consid-
erably less than 2.5 Ma based on its position near the top of 
the Puye Formation above horizons giving 2.5-2.4 Ma K—Ar 
age dates. An 40Ar/39Ar age obtained on SDC ignimbrite B of 
1.78 Ma (Table V1) fits well with the expected age of this 
deposit (Spell et al., 1990). This Plinian deposit shows a 
considerable crystal concentration (enrichment factor is 4-5) 
and was probably once widespread. 

After returning to the Copar pumice quarry, retrace the route to 
the confluence of Rendija Canyon and Guaje Canyon, FS-57 
and FS-442 (11.4 mi). Turn right up Rendija Canyon (FS-
57). This road climbs gradually through spectacular Puye Forma-
tion exposures, including dacitic Puye ignimbrite and Plinian 
deposits. Past the Sportsmen's Club (14.7 mi) the road runs on 
the Puye surface with cliffs of Bandelier Tuff above to left. At 
14.9 mi turn right onto a small, unmarked track and stop at 
edge of stream valley (15.0 mi). Walk northwards downslope and 
across the (usually dry) stream bed and continue for about 300 
m, heading towards a prominent cliff. The outcrop for Stop 4 is 
exposed at base of the cliffs. 

 



 

Stop 4: Upper Bandelier Tuff surge deposits and 
Cerro Toledo pumice-fall deposits. 

Significance: This exposure of proximal to medial 
UBT contains a fine-grained set of basal surge deposits. 
The outcrops also show the Cerro Toledo pyroclastic-fall 
deposits which were deposited between the two 
Bandelier Tuff ignimbrites. 

Description: The upper Bandelier Plinian fall unit is the 
widespread unit B (note high crystal concentration). The 
UBT ignimbrite is 55 m thick at this location and com-  

posed of at least 8 flow units (Fig. V22), showing the same 
three groups as at Stop 1. Other than a general similarity 
in sequence through the ignimbrite, including the pres-
ence of a thick (15 m) lower, nonwelded flow unit and a 
group of thinner flow units above, it is difficult to corre-
late in detail with the UBT at Stop 1. Fine-grained surge 
deposits at the base may be either very thick unit C or 
fine-grained surges preceding the main flow units. The 
latter interpretation is favored based on correlation with 
other nearby outcrops. These fine-grained surge depos- 



 



its are lithic-poor (less than 3 wt%) and are not quite as 
crystal-enriched as the ignimbrite. Bedform dimensions 
in the surge deposits at the base of the UBT show evi-
dence of moderately violent emplacement (Fig. V23). 

Cerro Toledo rhyolitic pumice deposits underlying the 
UB Plinian layer are also Plinian in nature and have ages in 
the 1.5-1.11 Ma range (Table V1; Spell et al., 1990; Spell, 
McDougall, and Doulgeris, submitted). Lava domes re  

lated to these fall units fill the Toledo embayment. 
Summary: The transition between the Plinian and ig-

nimbrite-forming phases of the UB eruption was charac-
terized by the production of fine ash fall and surge de-
posits, both at the level of unit C and at the very base of 

 

 



 
the ignimbrite. Were these the result of phreatomagmatic 
activity at the transition? The fine-grained surges are 
broadly similar to the overlying ignimbrite in crystal and 
lithic content, but differ markedly in crystal content and 
sorting from the interflow unit surge deposits seen at Stop 
1. Here, at Stop 4, surges are absent in the thin flow unit 
interval about 30 m up into the deposit. 

Retrace the route to the road in Rendija Canyon and proceed 
upcanyon (to the right). The road crosses the Pajarito fault 
zone (Fig. V2). Turn right at the junction with Barranca Rd., 
Los Alamos (15.9 mi). Follow the main road to the four-way 
junction, then turn right onto Diamond Drive. Continue on 
Diamond Drive to the fire station, then take the right turn to 
Guaje Pines Cemetery. Follow this road as it curves right un-
til it becomes dirt-surfaced (unnumbered FS road), and pro-
ceed into the upper reaches of Rendija Canyon where the 
road begins to climb through Bandelier ignimbrite. Stop and 
park near the metal gate (17.0 mi). The outcrop for Stop 5 
occurs in the road cut both up and down slope from the gate. 

Stop 5: Proximal upper Bandelier Tuff 
Significance: A more proximal but thinner UBT se-

quence is exposed that shows multiple gas-escape pipes 
in the lower part of the ignimbrite. The UBT package of  

flow units is a condensed sequence containing represen-
tatives of each of the three main groups. Interflow unit 
surge deposits, related to the deposition of the middle 
and upper groups of flow units, are well developed. 

Description: Fall-unit B of the UBT Plinian deposit rests 
on Cerro Toledo pumice-fall deposits. It is overlain by non-
welded ignimbrite with a surge deposit at the base (Fig. 
V24). The lower part of the ignimbrite contains two flow 
units and each shows prominent gas-escape (elutriation) 
pipes. In one case a pipe crosses a flow unit boundary. The 
upper flow unit becomes incipiently welded, and above this 
is a group of thin, variably welded flow units with prominent 
ground-surge deposits between them. The origin of these 
cross-stratified surge deposits is uncertain. The upper flow 
unit is poor in coarse clasts, including lithic clasts, and is 
purplish-grey and moderately welded. 

Summary: Although located 13 km from the Valles 
caldera ring fracture, this exposure is one of the most 
proximal, giving a reasonably complete section through 
the UBT. The late (upper) welded flow unit(s) are propor-
tionately thicker here and will be seen again at the next 
stop. The area around Los Alamos exposes some of these 
late, welded, coarse-clast-depleted flow units, with ground 
surge deposits at flow unit boundaries. These may have 
been outflows occurring during the period of intracaldera 
ignimbrite formation, if the lithic-rich ignimbrite units 
beneath (not seen at this stop) represent flows formed at 
the time of caldera-collapse. Beneath these late flow units, 
a significant gap in deposition occurs due perhaps to the 
position of this exposure on steep topography. The early 
flow units at this exposure show evidence of deposition in 
an environment of vigorous fluidization, due again to their 
position at the base of steep topography. 

Retrace your route to Diamond Drive, and turn right, follow-
ing the road past Los Alamos Golf Club and across one set of 
traffic lights. On the left is Los Alamos Baptist Church (18.8 
mi); pull into the church parking lot. The exposure for Stop 5A 
is in the road cut on the other (north) side of Diamond Drive. 
EXERCISE EXTREME CAUTION; THIS IS A BUSY ROAD. 

Stop 5A: Late upper Bandelier ignimbrite and ground 
surge deposits 

Significance: This exposure of late, welded UBT flow 
units includes thick accumulations of surges, possibly in a 
paleo-topographic low at the head of a canyon cut into the 
LBT (equivalent to the present-day Pueblo Canyon). 

Description: The proximal, welded, upper part of the 
UBT contains beds of pyroclastic surge material with promi-
nent crossbedding at this exposure (Fig. V25). Surge unit 
thicknesses are approximately 0.5 m. Amplitude and wave 
lengths of dune forms are approximately 0.4 m and 2.0 m, 
respectively. Bedset angles vary up to 35°. These units occur 
in the upper group of flow units of the UBT, which has a 
grey color due to welding, and are closely related to welded 
flow units. Sparse lithic clasts of country rock (Madera Lime-
stone of Carboniferous age) occur. They may be either 
ground surge deposits left by the passage of flow units or 
deposits at the edge of high concentration flows which were 
channeled down local drainages. Flow direction was roughly 
eastward (perpendicular to the outcrop face). 

Summary: Late flow units of the UBT are welded, de-
spite the thinness of such units. This is probably due not 
to compositional zonation preserved in the deposit (i.e., 
later units are not composed of more mafic, hotter juve-
nile material) but to the eruption mechanism forming 
these pyroclastic units. They were formed from lower 



 

eruption columns and thus retained a higher temperature, 
a conclusion supported by the apparently restricted 
dispersal of these units. They are rarely found in medial 
to distal locations in this sector of the outflow sheet. The 
precise origin of the surge deposits is under debate. 

Return to White Rock via Los Alamos (about 12.5 miles de-
pending on route taken). Total mileage for day should be about 
31 miles. 
END OF DAY 1. 

Day 2: Lower Bandelier Tuff in distal and proximal 
locations and products of the youngest eruptions 

(-0.3-0.2 Ma) from the Valles caldera 
From White Rock (0 miles), drive on NM-502/4 towards 

Bandelier National Monument and Jemez Springs. NM-502/ 
4 passes through several canyons exposing UBT (to be exam- 
ined on Days 4 and 5) and past the entrance to Bandelier Na- 
tional Monument (8.2 mi). Beyond this, for 6 miles, you are  
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traveling on the Bandelier ignimbrite surface, here known as 
the Pajarito Plateau. Just above the junction of this road with 
the Los Alamos loop NM-502(4A), a steep hill climbs the main, 
post-1.1 Ma scarp of the Pajarito fault which down drops the 
UBT by up to 200 m. The most recent movements on this fauli 
occurred about 20,000 years ago. At the top of this scarp, 
densely welded UBT flow units from late in the second Bande-
lier eruption are seen. The outcrop for Stop 6 occurs just 
above a sharp right-hand curve. Park in the limited space on 
the side of the road (15.9 mi). THIS STOP OCCURS NEAR A 
VERY DANGEROUS CURVE IN THE ROAD. PLEASE EXER-
CISE CAUTION. 

Stop 6: Welded upper Bandelier ignimbrite 
Description: The UBT exposed on the Pajarito fault scarp 

is one of the most densely welded found in the outflow ign-
imbrite with a density of 2.2-2.3 g/cm3, compared to 1.1 
g/cm3 for nonwelded ignimbrite,and has flattening ratios of 
6:1 in fiammé (deformed juvenile clasts). These are inter-
preted to be late-erupted flow units, perhaps hotter upon 
emplacement than lower units because of formation from 
collapse of lower eruption columns. Crystal-rich gas-escape 
pipes abound. The grey, pumice-poor ignimbrite is devit-
rifled and slightly vapor-phase altered. Lithic clasts are 
sparse. Thin surge beds can be found, indicating the pres-
ence of several flow units. The surge beds are not as in-
tensely welded as the body of the ignimbrite flow unit. 

Note also the vista from the top of the fault scarp over 
the Pajarito Plateau, the Bandelier Tuff surface sloping 
gently 5°) eastward to the Rio Grande rift, and to the 
Sangre de Cristo Mountains beyond. 

To reach Stop 7, continue west on NM-502/4, crossing the 
head of Frijoles Canyon (21.1 mi), and turn left at the junction 
of FS-289 (21.9 mi). Follow FS-289 (sign posted Cochiti), tak-
ing the left fork at the junction with FS-36 (24.2 mi). At 29.6 
mi, a photograph stop may be made along FS-289 at the over-
look of Cochiti Canyon (to the right side of the road) where 
Bandelier Tuff overlies gravels of Cochiti Formation (Fig. V3) 
and andesite lavas of Paliza Canyon Formation (8.5-9.5 Ma). 
From this point until the next stop, FS-289 runs across andes-
ite-rhyolite lavas and minor intrusives of the San Miguel 
Mountains (Keres Group, 13-6 Ma), which form a large 
"kipuka" (an area of older rocks surrounded by ignimbrite or 
lava), in the Bandelier ignimbrite sheet. The young surficial 
pumice deposit in this area is the El Cajete Plinian pumice 
(circa 200 ka). The road begins to descend the scarp of the 
Pajarito fault zone at 34.2 mi. Proceed on FS-289 until it 
meets FS-268 (37.9 mi). Turn right on FS-268 and continue to 
the junction with FS-89 (39.3 mi). Note: FS-268 bears left, but 
you should continue straight ahead on FS-89. Stop on the left 
side of the road at the bottom of the small hill, opposite an 
apple orchard (40.0 mi), where the outcrop for Stop 7 occurs 
in a low cut on the west (right) side of the road. 

Stop 7: Lower Bandelier fall units, Cochiti Canyon 
Significance: LBT Plinian fall units B—D are present 

here; the main fall unit A (seen at Stops 1 and 2) of the LBT 
(Guaje) pumice-fall deposit is missing. Thin, fine ash-fall 
units occur between pumice-fall units, and one of these 
contains accretionary lapilli. 

Description: Coarse and lithic-rich fall units of the upper 
sequence of the lower Bandelier Plinian deposits (Fig. V26) 
correlate with the sequence in the eastern Jemez, seen at 
Stops 1 and 3. These deposits therefore demonstrate 
evidence of a wind shift during the LBT eruption from  

westerly during deposition of fall unit A to northwesterly 
during deposition of units B—D. They also have more 
widely dispersed coarse clasts than fall unit A. Fine ash 
falls between the pumice-fall units are well developed in 
the lower Bandelier Plinian deposit in the southern part of 
the Jemez Mountains and thicken towards the northwest. 
Occasionally accretionary lapilli can be found in these 
ash beds, as between B and C here, suggesting wet 
eruption clouds during these intervals. 

Summary: Unit B is considerably more lithic-rich than 
unit A and possibly represents a period of vent widening, 
leading to an increased mass eruption rate. Pauses 

 

in the Plinian eruption are marked by fine ash beds, which 
may be co-ignimbrite ashes. At the next location (Stop 8) 
an intra-Plinian ignimbrite unit occurs between units C and 
D. The source of moisture needed to generate accretionary 
lapilli in these fine ash clouds may have come from 
secondary explosions as ignimbrite invaded local water 
courses. 

To find Stop 8, turn around. It is located 300 m along FS-89 at 
the prominent cliffs on the left (west) side of the road (40.3 mi). 

Stop 8: Intra-Plinian lower Bandelier ignimbrite and 
general character of ignimbrites, lower Cochiti Canyon 

Significance: This edge of Horn Mesa exposes a complete 
section through both units of the Bandelier Tuff in the 
southern part of the Jemez Mountains. Intra-Plinian 
ignimbrite occurs between fall units C and D of the lower 
Bandelier Plinian deposit. The transition from Plinian to 
ignimbrite-forming activity was gradual and featured at 
least one partial column collapse phase giving sectorially 
distributed intra-Plinian ignimbrite. 

Description: Lower Bandelier Tuff: The earliest record of 
major instability in the lower Bandelier Plinian eruption 
column is an intra-Plinian flow unit (Fig. V27, left), here 
exposed at a distance of 27 km from the center of the 
caldera. The flow unit was confined to paleo-Cochiti Can-
yon, and appears after the deposition of lithic-rich fall units 
B and C. This is the only such example found so far but 
others may exist. Above it are fall units D and E, which are 
rarely preserved elsewhere due to erosion of the top of the 
Plinian sequence by the early ignimbrite flow units. The 
intra-Plinian flow unit has pumice dunes (layer 1P 



deposits) at the base and is lithic-poor (<10 wt%). At other 
nearby locations the horizon of the intra-Plinian ignimbrite is 
marked by fine ash fall. 

The base of the main ignimbrite has a thin sequence of 
pumice-rich flow units (Fig. V27), distal representatives 
of a set of early flow units. Above this is 70 m of homoge-
neous ignimbrite incipiently welded in the middle. A 
pumice concentration zone at the top contains pumice 
clasts up to 90 cm diameter. This thick unit is capped by 
the remnant of another flow unit. 

Upper Bandelier Tuff: Plinian fall unit B occurs above 
the soil on the LBT; and here unit B has a fine ash layer 
near the base, probably correlative to upper Bandolier 
Plinian unit A found in the western Jemez Mountains. 
Above this is a 40 cm thick pumice-rich, lithic-poor flow 
unit capped by thick ignimbrite that shows few signs of 
flow unit partings. The onset of welding is seen about 20 
m above the base in this same unit. Note that the gully 
climbed at this location is fault-controlled, and this fault 
is, in fact, a splay of the young Pajarito fault zone down-  
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dropping the ignimbrites by about 15 m to the east. 
Summary: The significance of the LBT intra-Plinian ig-

nimbrite has been discussed above. The LBT again shows a 
thick, homogeneous lower unit, seen throughout its 
dispersal area, and thin pumiceous basal flow units. The 
UBT shows a similar sequence but is welded in its upper 
part. A point to consider is the correlation, or lack thereof, 
between the internal ignimbrite flow unit stratigraphy of 
the southern and eastern Jemez Mountains. 

For Stop 9, retrace the route on FS-289 to the crest of the 
steep climb with switchbacks out of Cochiti Canyon (46.2 mi). 
A small un-named canyon occurs on the left. The roadcut on 
the right contains exposures of coarse epiclastic deposits 
capped by Bandelier Tuff, which form the outcrop of interest. 

Stop 9: Lateral margin of upper Bandelier ignimbrite sheet 
near Cochiti Canyon 

Significance: This exposure shows the way in which upper 
Bandolier ignimbrite flow units lap against a paleo- 
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topographic high. The ignimbrite also contains a wide 
range of pumice clast types and compositions. 

Description: UBT flow units bank up onto a preexisting 
high of Paliza Canyon age volcaniclastic deposits, part of 
the lower Cochiti Formation (Fig. V28). At the base are 
bedded deposits that may be thin ignimbrite veneer de-
posits (or surge deposits) which drape over the topo-
graphic high. Plinian fall units are absent. Above this a 
number of ignimbrite flow units pinch out, demonstrating 
gradual filling-in of the topography (Fig. V29); each has 
pumice concentrations at the base and margin. 

Chemical analysis of samples from individual flow 
units through the sequence has shown that compositions 
of pumice clasts at this location cover almost the entire 
range found in the UBT (Balsley, 1988), except for the 
most evolved types (Nb > 150 ppm; Fig. V29, bottom). 
This indicates that pyroclastic flows arriving at this point 
carried pumice clasts from the magma body covering a 
wide range of compositions and that there is no trend 
stratigraphically towards selectively less-evolved com-
positions. Aggregate pumice clasts are found in several 
flow units; they are individual clasts of pumice breccia 

 

 



in pumiceous, glassy, lithic-bearing matrix. They are evi-
dence for syneruptive agglutination in the vent system, 
followed by disruption and incorporation of this material 
into flow units (Wolff et al., 1989). 

Looking west across the small (unnamed) canyon be-
low, a lithic-rich zone can be seen in the UBT; it is not 
easily accessible. The lithic-rich horizon may represent a 
lithic-rich zone occasionally found in the middle group 
of flow units in the east. It is not certain which flow unit 
at the roadside exposure correlates with this horizon. 

In the distance to the southeast, the Parajito fault cre-
ates a bench in the Bandelier Tuff surface (downthrown 
to east), and the Santo Domingo Basin of the Rio Grande 
rift can be seen. 

Summary: The deposits at this location probably record 
deposition during most of the ignimbrite-forming phase of the 
UBT eruption, from the early thin, violently emplaced veneer 
or surge deposits to some of the late flow units. 

To reach Stop 10, proceed up FS-289 back to NM-502/4 (58.5 
mi), then turn left (west) on NM-502/4. At 59.3 mi NM-502/ 4 
descends into the southeasternpart of the moat of Valles 
caldera, called Valle Grande (see Stop 12). Follow NM-502/4 
along the caldera moat; at 66.3 mi the road crosses the east 
fork of the Jemez River and rises onto the South Mountain 
rhyolite lava flow (-0.52 Ma; Table V1). Thick surficial depos-
its exposed along this road are El Cajete Plinian pumice and 
associated pyroclastic flow deposits, products of one of the lat-
est eruptions from the caldera. Turn left off NM-502/4 at FS-10 
by the row of mail boxes on the left (68.9 mi). Follow FS-10 to 
its intersection with FS-135, then turn right to Cat Mesa. Stop 
at the hairpin left-hand curve on FS-135 (73.0 mi). To reach 
Stop 10, walk along the small trail (just big enough to take a 
vehicle) that leaves FS-135 to the right (north) 25 m before the 
hairpin curve. Walk to the cliff edge for the view in Figure 
V30, or follow the small steep trail off the right side of the cliff 
leading down the vegetated slope until you obtain a view of the 
cliff face to the left. The outcrop of interest for Stop 10 occurs 
midway up the cliff face. Note: the outcrop can only be viewed 
from the steep trail. 

Stop 10: Proximal lower Bandelier ignimbrite, Cat Mesa 
Significance: This location on the southwest topographic 

wall of the Valles caldera provides an excellent overview of 
the southwestern part of the caldera (Fig. V30) 
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and a complete section through the LBT ignimbrite, includ-
ing proximal lithic breccias (featured in Self et al., 1986). It 
is one of the few places in the Jemez Mountains where one 
can interpret the later phases of LB ignimbrite activity, be-
cause the late-erupted facies are rarely seen exposed. 

Description: The ignimbrite sequence at Cat Mesa (Fig. 
V31) is from the lower, thick homogeneous unit to upper 
welded flow units which are rarely preserved. A promi-
nent horizon of lithic breccias occurs about two-thirds of 
the way up the sequence (Fig. V32). The base of the ig-
nimbrite has no Plinian deposit, typical of caldera wall 
exposures. A horizon of thin flow units divides the main 
lower unit which is characteristic of LBT exposures in the 
southwest sector of the Jemez Mountains. 

The lithic breccias are of several types and range in 
lithic content from 90 to 60 wt%. The main bed is a true 
lag fall or just downflow from one. This 9 m thick deposit 
has a lenslike form and pinches out downflow and 
laterally along the caldera wall. Several other pods and 
beds of breccia are found at this same horizon along the 
southwest topographic wall. Due to their coarseness these 
deposits must have formed close to a vent, and the 
proposed vent site for the Plinian deposits was too far 
away (about 12 km) to account for the lag breccias (Self et 
al., 1986). Therefore these breccias probably record the 
opening of vents along the ring fracture of the Valles 
caldera, which is about 2 km distant. Lithic clasts are 90% 
Paliza Canyon andesite with minor rhyolite and Paleozoic 
clasts and sparse basement rocks (Eichelberger and Koch, 
1978). Above the breccias the LBT develops welding and 
evidence of late LBT flow units can be seen towards the 
top of the mesa. Note also the local fault offset of the LBT 
at Cat Mesa, down-dropped to the east. 

Incipiently welded upper LBT ignimbrite flow units can also 
be studied close-by in small roadcuts on FS-135 just to the 
south, upslope from the hairpin curve. 

Summary: From this exposure (and several others like 
it), a model related to a composite section was developed 
for the later parts of the LBT eruption (Fig. V33). If the 
lithicrich ignimbrite under the proximal breccias and the 
breccias themselves record the main caldera collapse 
phase, then the welded units above may be outflow 
equivalents to the intracaldera LBT. A point to consider is 
the origin of proximal lithic breccias and their significance 
to the onset of caldera collapse. 

 



 
Retrace the path back up to the road and then the route on 
FS-135 to FS-10. If NOT proceeding to Stop 10A, turn left 
(route continues after Stop 10A description). To reach Stop 
10A turn right on FS-10, then follow the winding road 
downslope for about 7 km. Stop and park where this roadcuts 
through obvious outcrops of grey ignimbrite on the left side of 
the road. The exposures of interest occur in the roadcut and in 
a broad valley accessed most convieniently by climbing up the 
roadcut and proceeding straight ahead (eastwards). 

Stop 10A: Vapor phase pipes in the upper Bandelier 
ignimbrite 

Large (up to 1 m diameter), exceptionally well-exposed 

subvertical pipes of hardened ignimbrite (Fig. V34) are 
found in the "grey zone" of the UBT, a region of thermal 
coloration and devitrification that is found underneath the 
most densely welded zones. The pipes have an annular 
structure with a hard outer part and a soft interior. Their 
origin is probably related to vapor phase alteration during 
cooling of the ignimbrite sheet. Climbing up the slope above 
the roadcut and over the crest will bring the reader into an 
area with 10-15 m high columns or towers of vapor-phase 
altered UB ignimbrite and other wall-like vapor-phase 
features following joints. Please take care to preserve these 
features, particularly the ones in the roadcut. Hammering 
and taking of samples will soon cause them to deteriorate. 



 

From Stop 10A, retrace the route to the junction of FS-10 and 
FS-135 (rejoin route from Stop 10). Proceed north on FS-10, 
retracing the route to NM-502/4 (77.2 mi), then turn left. 
Proceed to the parking area on the right side of the road where 
NM-502/4 crosses the Jemez River (78.4 mi). The outcrop of 
Stop 11 is just uphill beyond the stream crossing. 

Stop 11: Main section of El Cajete pumice deposits 
and Banco Bonito lava flow 

Significance: The products of the two youngest erup-
tions from the Valles caldera are exposed here. 

Description: This section in the moat of the caldera 
exposes South Mountain rhyolite lava (0.52 Ma; Spell and 
Harrison, 1993) overlain by El Cajete pumice-fall units, 
surge beds, and pyroclastic-flow deposits (Battleship 
Rock ignimbrite), in turn overlain by Banco Bonito vitro-
phyric lava flow (Fig. V35). The El Cajete deposit and re-
lated units have proven to be difficult to date accurately 
(Self et al., 1991; Spell and Harrison 1993). Until recently 
ages of 0.2 Ma for the Banco Bonito lava and 0.3 Ma for 
the Battleship Rock ignimbrite and El Cajete pumice fall 
(Table V1) were accepted, but recent work suggests a  
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younger age 60 ka; Wolff and Gardner, 1995). A dis-
conformity, probably representing more than 100 ka, oc-
curs between the El Cajete units and two thin units asso-
ciated with the lava flow. The vents for these youngest 
eruptive products are about 2 km north of Stop 11. 

The El Cajete Plinian pumice-fall deposit is widespread 
in the southern Jemez Mountains and has a bulk volume 
of about 1.3 km3. It was formed at the same time as small 
local flows and surges, seen interstratified with the Plinian 
units (Fig. V36). The upper flow units correlate with 
more extensive and voluminous pyroclastic flows that 
traveled southwest from the vent down San Diego 
Canyon, forming the Battleship Rock ignimbrite (Stop 
15); further details can be obtained in Self et al. (1991). 
The El CajeteBanco Bonito magma batch is different 
compositionally from the high-silica rhyolite magmas that 
erupted from the Valles center up to the time of the 
South Mountain rhyolite. It is low-silica rhyolite, with an 
intermediate composition mineralogy, perhaps inherited 
from an andesitic source, and also contains xenocrystic 
sanidine (McCormick, 1989). 

For Stop 12, turn around and retrace the route along NM-502/ 4 
to the Valle Grande information board (88.0 mi). 

Stop 12: Valles caldera overview 
The southeastern moat zone of the Valles caldera is 

known as the Valle Grande, with the low ground underlain 
by caldera fill sediments and volcanics. The caldera is about 
23 km in diameter from east to west and may contain more 
than 3000 m of fill down to the basement on the eastern 
side (Nielson and Hulen, 1984), see Figure V7. Figure V37 
can be used to identify the features seen. In the opinion of 
the authors, most of the depression was formed at 1.51 Ma 
by the Otowi (LBT) eruption. Lava domes outline the ring 
fracture system of the younger (1.14 Ma) collapse event; 
for identification of the lava domes refer also to Figure V6. 
Redondo Peak (3431 m; 11,254 ft), the top of the resurgent 
intracaldera block, towers 800 m above the caldera floor. 
On the left skyline lies Rabbit Mountain, a remnant of the 
post-first caldera-cycle obsidian dome of Cerro Toledo age 
(Table V1) presumably truncated by the second-caldera-
cycle collapse. 

Two alternatives are possible here for the reader following this 
guide. Either continue southeast on NM-502/4 and return to 
White Rock following NM-502/4 (112 mi total for the day), 
or camp at one of several campgrounds in the caldera area. You 
may also proceed west on NM-502/4 to La Cueva or Jemez 
Springs, where limited motel accommodations can be found. It 
is not necessary to return to White Rock, because the route of 
Day 3 can be picked up at Stop 11, saving many miles of driv-
ing. However, mileage for Day 3 is given from White Rock. 
END OF DAY 2. 

Day 3: Proximal facies of Bandelier ignimbrites and 
San Diego Canyon ignimbrites 

From White Rock (0 mi) follow the route of Day 2 to Stop 11 
and proceed on NM-502/4 westward to the junction with NM-
126 at La Cueva (36.4 mi). La Cueva is in the moat of the 
Valles caldera at the point where the caldera wall is breached by 
the head of San Diego Canyon, which contains the only surface 
drainage from the caldera. Turn left on NM-502/4 and, 
immediately after the road crosses San Antonio Creek, turn right 
onto the unmarked road (36.5 mi); from this point mileage to 
Stop 13 is not included. Please note that although these 
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roads are public access, the route to Stop 13 runs across pri-
vate land and access may change occasionally. Check locally 
for access permission to this area. Follow the dirt road, 
taking a left turn at the T intersection. Follow the most used 
road, taking only right turns that lead generally down hill, 
for 3.2 km or, depending on exact route, until the road comes 
to the base of a large cliff with tent rock erosional forms. 
Park when you reach a hairpin right-hand curve under 
prominent tent rocks. Exposures for Stop 13 occur along the 
road for the next 200 m and in the cliffs above. The area 
around the house to the left of and above the parking spot is 
not forestry land. Please respect the owners' wishes that it not 
be walked upon. The sequences of interest can be seen without 
crossing this privately-owned tract. 

Stop 13: Caldera rim section (La Cueva) exposing four 
ignimbrites 

Significance: This large section shows the UBT, LBT, 
and two older San Diego Canyon ignimbrites (A and B) of 
high-silica rhyolite composition. The latter two units are 
products of small eruptions of Bandelier magma that occur-
red before that of the LBT (about 1.78 Ma; Spell et al., 
1990). This location also contains a proximal UBT Plinian 
deposit section. The Valles caldera wall was probably in the 
same approximate position as the present day topographic 
rim when the UBT was erupted. Spectacular erosional 
forms, "tent rocks," or hoodoos, are formed in the LBT. 

Description: The four ignimbrites have a complex ge-
ometry in this 1 km long, curved section of caldera wall 
(Fig. V38). The following features can be examined: 

San Diego Canyon (SDC) ignimbrites A and B: Bedded 
coarse proximal lithic breccias in SDC ignimbrite "B" are 
exposed at the southern end of the section. These demon-
strate the proximity of these exposures to vents for this 
ignimbrite. One juvenile component of ignimbrite B is a 
crystal-poor (less than 3 wt%) pumice with extreme de-
velopment of pipe vesicles, giving an asbestiform or 
woody appearance. Other, almost aphyric, pumice clasts 
occur in the lower part of ignimbrite B, which is a lithic-
rich ignimbrite overall (Fig. V39). Ignimbrite A is also very 
lithic- and ash-rich; coarse pumice clasts are sparse. It is 40 
m thick, and the lower part is poorly exposed. It rests on a 
complex, undulating surface cut into Paliza Canyon 
andesites. Ignimbrite A represents the earliest appearance 
of Bandelier-type magma from vents in the proximity of 
the Valles caldera. The high-silica rhyolite pumice-fall 
deposit seen at Stop 3A (Fig. V21) is possibly correlative 
with SDC ignimbrite B based on the similarity 
of 40Ar/39Ar ages, pumice type, and REE patterns (Spell et 
al., 1990; Turbeville and Self, 1988). 

Lower Bandelier Tuff: The LBT is 100 m thick and has ero-
sional remnants of upper, welded vapor-phase altered flow 
units. The nonwelded ignimbrite is featureless except for a 
horizon of large lithic clasts, representing the same level as 
the proximal breccias, and a lower parting marked by thin 
flow units. Plinian deposits are absent under the LBT at 
caldera-rim exposures, but units B—D can be predicted to 
have fallen by the isopach maps (Fig. V19). Away from the 
rim the Plinian deposits are exposed, thus erosion by early 
pyroclastic flows may account for their absence in these 
proximal exposures. The LBT has spectacular "tent-rock" 
weathering features at this location. 

Upper Bandelier Tuff The UBT rests on an undulating 
surface eroded into the LBT. It is the upper, grey, cliff-
forming unit. Here the UBT is a very condensed sequence, 
with only certain flow units being deposited or passing  

over the topographic wall. Evidence for the topographic 
rim of the caldera being approximately in the present 
position during the UBT eruption is found at another 
location in this southwest part of the Valles caldera, 
where a UB ignimbrite sequence similar to this one is 
banked against the base of the caldera wall. Access to 
this area is not currently possible. 

The UBT Plinian deposit (Fig. V40) is 3.5 m thick and 
consists of fall units A—F (Fig. V41). The basal unit A is 
of restricted dispersal (see Stop 8) and consists of well-
bedded "millet-seed" pumice. The prominent bedding and 
medium grain size possibly indicate a phreatomagmatic 
origin for this initial ash of the UBT. Fall unit B is the 
major unit, seen also on the east of the Jemez Mountains, 
and C is a fine-grained unit, which in places is an ash fall 
and in others a surge deposit. As will be seen later, the 
UBT units are dispersed towards the northwest from the 
Jemez Mountains and are the only Plinian fall deposits 
from the whole field to have this dispersal direction. Un-
fortunately, the deposits are altered at this location and are 
unsuitable for granulometric analysis. 

Above the Plinian deposit is a very crystal-rich, fine-
grained pyroclastic-flow deposit, part of the thin, basal set 
recognized elsewhere in the UBT. At Stop 14 this unit 
displays evidence of having been emplaced violently as it 
eroded the top of the Plinian deposits. Above this flow 

 



 

unit, vapor-phase alteration and welding affect the UBT 
units, and welding increases rapidly in intensity upwards. 
The uppermost,welded flow unit is fine-grained, crystal-
rich, and coarse-clast depleted. It may be an equivalent to 
the upper welded UBT units in proximal areas on the east 
side of the caldera (Stops 5 and 6). 

Summary: The SDC ignimbrites represent eruptions of 
Bandelier-type magma well before eruption of the LBT. 
Whether these indicate a single, long-lived magma body or 
earlier generation of batches of similar magma is under 
evaluation at present. Self et al. (1986) and Nielson and 
Hulen (1989) suggest that these eruptions may have been 
associated with small early calderas now obliterated by 
collapse of the southwest part of the present Valles  

caldera. The LBT and the two SDC ignimbrites form most 
of the caldera wall here. The LBT is largely nonwelded and 
appears to have accumulated during most phases of the 
LBT eruption. The UBT is generally thin but welded and 
has a thick Plinian section at its base. 

Retrace the route as far as the bridge across San Antonio Creek 
on NM-502/4 (36.5 mi) at La Cueva. Turn right onto NM-
502/4. As this road enters the head of San Diego Canyon, grey 
welded Battleship Rock ignimbrite overlain by the thick, glassy 
Banco Bonito lava flow can be seen on the left. Downcanyon, 
Permian red beds (Abo Formation) crop out at the level of the 
canyon floor and are overlain by Paliza Canyon andesites on the 
west wall. At Battleship Rock (Stop 16) on the left (39.6 



 
mi), the road crosses the Valles caldera topographic rim, here 
cut by San Diego Canyon. As the road descends the canyon, 
there is a smell H2S from fumaroles along the Jemez fault zone 
if conditions are favorable. The Jemez fault zone controls the 
presence and position of San Diego Canyon. Turn right onto an 
unsignposted access road to a private housing area (41.6 mi); 
this road is public access and leads to a small system of forestry 
roads. Continue on the small forestry road once past the 
housing area and park at the base of the steep slope where the 
road crosses a gulley at 43.6 mi. This stop involves a climb of 
about 100 m elevation to the base of the ignimbrites on the west 
wall of San Diego Canyon. Climb the ridge in front (west) of 
the parking area until you reach a plateau, then walk to the 
right until you are at the base of the main cliffs. The San Diego 
Canyon ignimbrite caps the plateau and the LBT sequence be-
gins at the base of the main cliffs. 

Stop 14: San Diego Canyon ignimbrite and lower 
Bandelier Tuff 

Significance: These exposures demonstrate the extent of 
the SDC ignimbrites under the LBT and provide a view of 
the trivial Plinian deposit thickness at the base of the LBT 
and lowermost, erosive LBT flow units. The location 
affords some spectacular views of San Diego Canyon and 
the thick Bandelier Tuff outcrops in the canyon walls. 

Description: The slope climbed is on Permian Abo  

Formation red sandstone-siltstone beds overlain by Paliza 
Canyon andesites (-4 Ma). Note the occurrence of trav-
ertine at several places upslope; these are hot springs 
deposits formed at various elevations and stranded by 
downcutting of San Diego Canyon. The trail emerges onto 
a small plateau with exposures of tent rocks in SDC ig-
nimbrite B. These occur where fumaroles developed in the 
ignimbrites, and small fumarolic pipes (vapor-phase) can 
be seen in places. The stop shows a similar sequence to 
section 104 in Figure V42, although the location of section 
104 is a little further down canyon. Ignimbrite B is 
overlain by the LBT seen in the main cliffs, here display-
ing a well-developed sequence of 5 to 6 basal flow units, 
some very fine-grained. Remnants of the upwind dis-
persed part of the LB Plinian deposit can be found, but it 
was mostly eroded away by the early pyroclastic flows. 

Summary: Although probably confined to paleo-San 
Diego Canyon, the SDC ignimbrites were extensive and 
in fact persist down canyon almost to the present limits 
of the Bandelier ignimbrites. The LBT here shows evi-
dence of thin, fine-grained flow units at the base of the 
ignimbrite sequence. 

Retrace the route back to NM-502/4 (45.6 mi) and turn right 
for alternative Stop 15A, or left for Stop 15 (route continues 
after Stop 15A description). For Stop 15A, proceed down NM-
502/4 for 1.1 miles (46.7 mi) to Soda Dam. 

Stop 15A: Soda Dam and Jemez fault zone 
The travertine dam (Fig. V43) across the gorge in Pre-

cambrian granite was built by carbonated thermal waters 
that discharge from a branch of the Jemez fault zone. There 
are 10 springs and seeps in this area, including one across 
the river to the north of the high travertine knob. About 30 
years ago, water discharged along the top of the dam. To-
day Soda Dam is slowly falling apart due to severing of the 
source from the dam by road construction. 

The waters discharge at 48°C with a chlorine concen-
tration of 1500 mg/1. The ratios of very soluble elements, 
Na, Li, Cl, and B, are practically identical to those from 
the deep fluid within Valles caldera (Goff et al., 1981). 
This, and other evidence, indicates that the waters 
outflowing here derive from those deep within the 
caldera. Leakage and mixing occur to the southwest down 
various branches the Jemez fault zone. 

Older travertine deposits are exposed high above the 
canyon floor to the west of Soda Dam, and include river 
gravels with cobbles of Bandelier Tuff. Uranium-thorium 
disequilibrium dates show that the Soda Dam hot-spring 
system has been active for the last 1 million years, and is 
thus almost as old as the latest caldera-forming event (Goff 
and Shevenell, 1987). 

The Jemez fault zone is very complex in this area. The 
main trace trends northeast across the highway. Generally, 
the displacement is down to the east about 100-250 m 
because the Jemez fault zone is also the westernmost of the 
Rio Grande rift faults. At Soda Dam, a small horst of 
sheared Precambrian granite is uplifted and contorts the 
Paleozoic rocks around it. 

For Stop 15, retrace your route up San Diego canyon to 
Battleship Rock (49.9 mi); then turn right to the Battleship 
Rock picnic area (50.2 mi). 

Stop 15: Battleship Rock ignimbrite 
Significance: This classic ignimbrite locality shows 

many features such as welding zonation and fiammé and 



 
is the result of stream erosion on two sides exposing a thick 
localized canyon-filling sequence of flow units. 

Description: Battleship Rock (BR), a spectacular outcrop 
of columnar-jointed, rhyolitic ignimbrite is formed of a 
series of postcaldera small-volume (about 1 km3 DRE) 
flows that issued from a vent near El Cajete crater (Fig. 
V44) about 300,000 years ago (see Stop 11 for a discus-
sion of age). The lowermost part of BR ignimbrite corre  

lates with flow units in unit I of the El Cajete deposits at 
Stop 11. Initially, the ignimbrite may have extended a con-
siderable distance down San Diego Canyon; it presently 
fills it to a maximum depth of 100 m (Self et al., 1987, 
1991). Battleship Rock itself represents the exhumed 
welded ignimbrite-fill of a narrow gorge cut into Paleozoic 
Madera Limestone and Abo Formation. The limestone 
occurs immediately below the ignimbrite in the area 



 
 

 

 
of Battleship Rock and can be seen in the bed of the Jemez 
River just above the confluence with San Antonio Creek. 
Massive calcareous beds are separated by thin shale part-
ings and are very fossiliferous. 

The ignimbrite at Battleship Rock is about 80 m thick 
and contains up to six flow units that constitute a lower-
cooling unit (Fig. V45). The basal 15 m consist of poorly 
consolidated pumiceous ignimbrite, which becomes 
increasingly compacted upward and grades into partly 



 

welded ignimbrite that has a minimum porosity of 15% at 
approximately 35 m above the base. Large fiammé typify 
this zone. Welding was accomplished by porosity-loss 
compaction without rheomorphism; mean strain (Rf) is 
4.25 for X and Y directions (Wolff et al., 1989; Fig. V45, 
right). The ignimbrite becomes gradually less welded and 
passes into slightly vapor-phase-altered ignimbrite 

about 65 m above the base. The curved columnar jointing 
in the lower part of Battleship Rock ignimbrite is prob-
ably a consequence of fumarolic action during cooling of 
the hot deposits in a wet environment along the course of 
paleo-San Diego Canyon. 

Slightly upcanyon, another cooling unit composed of at 
least 6 flow units is found above the lower cooling unit 



(Fig. V46, section 2). They are separated by two thin part-
ings of bedded fall deposits (not seen on this trip), most 
probably derived from secondary explosions occurring in 
the newly deposited ignimbrite. The Battleship Rock 
ignimbrite is thus a valley-filling compound cooling unit 
with a maximum thickness of 130 m to the northeast of 

Battleship Rock (Fig. V46, section 3), determined by Con-
tinental Scientific Drilling Project hole VC-1 (Goff et al., 
1986), located 2 km upcanyon from this area. 

Summary: The Battleship Rock ignimbrite provides 
evidence of considerable explosive activity accompanying 
the eruption of a new batch of low-silica rhyolite magma 
from the Valles caldera. It mainly followed deposition, 
but was to some extent coeval with the El Cajete pumice-
fall deposit. A glassy lava found only in the VC-1 core 
was produced at the end of this eruptive event. A later, 
largely effusive, eruption about 0.2 Ma or 60 ka ago 
produced the Banco Bonito lava. These are the latest 
products from the Valles caldera. They are all of similar 
low-silica rhyolite composition and have virtually 
identical mineralogy (Self et al., 1988; 1991). 

Retrace your route on NM-502/4 to White Rock 
(89.8 mi) for resumption of next day's it inerary. 
END OF DAY 3. 

Day 4: Bandelier Tuff in the northern Jemez 
Mountains and intracaldera geology 

This is a long day of driving with only four stops that 
provides many opportunities for photography of spec-
tacular scenery. A geologic map of the area north of the 

 

 



 

Jemez Mountains will enhance the readers' appreciation 
of the non-volcanic geology in this area. 

Drive north from White Rock on NM-502/4 to the Y junction 
and turn right (east) on NM-502/4, past Stop 1, then turn left on 
NM-30 (8.2 mi) towards Espanola. On the left along NM-30 is 
the Puye scarp, which exposes a section through the Puye fan. Older 
sediments include Rio Grande-rift-filling silts, sands, and gravels of 
the Santa Fe Group (Fig. V3). Black Mesa, on the right, is a 
basaltic tuff ring capped by the remnant of a solidified lava lake. 
Follow NM-30 to the junction with US-84/285 in Espanola (17 
mi) and continue north on US-84 towards Abiquiu. At 46.3 
miles turn left at the junction with NM-96. Follow NM-96 across 
Abiquiu Dam and at 50.4 mi turn left off NM-96 onto the 
unmarked dirt road to Cañones. Pass through Cañones settlement 
(53.4 mi), cross the first stream (Cañones Creek), then take the 
second right turn, then the left fork. Follow the unmarked dirt road 
south along the ridge to the base of the prominent Pueblo Mesa on 
the right (west) side of the road (55 mi). This road may be in very 
poor condition for the last mile; if your vehicle cannot proceed, you 
can walk. Climb to the top of the mesa by a well-worn walking trail 
up its east face. Outcrops to be examined at Stop 16 occur on the 
top and west sides of the mesa. 

Stop 16: Pueblo Mesa, Cañones 
Significance: The side walls of this mesa provide one 

of the few accessible, complete exposures of the Bandelier 
ignimbrites in the northern part of the Jemez Mountains 
allowing comparison with the ignimbrite elsewhere. 
Pueblo Mesa was formed by erosion during the 300,000 
years after LBT deposition and consists of resistant 
Abiquiu Tuff and LBT that has an indurated zone, 
perhaps by vapor-phase deposition, at the present top. It 
was a more-or-less freestanding mesa at the time of the 
UBT eruption; the UBT pyroclastic flows poured around 
and over the mesa edge. Both ignimbrites have Plinian 
deposits exposed at their bases. 

Description: The route up the east wall of the mesa is 
through the Abiquiu Tuff, volcaniclastic deposits under-
lying and interdigitating with the Santa Fe Group (Fig. 
V3). Note the presence of 1 m of UBT Plinian deposit to 
the right of the path. The contact between UBT and LBT 
runs diagonally across the mesa top and the west wall and 
affords an exposure of the subvertical contact (Fig. V47). 
Multiple UBT ignimbrite flow units with concentrations 
of large pumice are seen; surge deposits occur at flow unit 
boundaries. One boundary has fluvially-reworked 
pumiceous sediment under a surge layer, indicating a 
slight pause in deposition. The sequence of UBT units 
here is apparently similar to that in the area of Stop 1; the 
multiple flow units are in the middle group. 

The LBT ignimbrite is lithic-rich and indurated but not 
welded. It has prominent mounds, ridges, and pipelike 
erosional forms on its surface, probably marking features 
due to vapor-phase alteration. At the southern edge of 
the mesa, an 8-10-cm-thick LBT Plinian unit is exposed 
under a thick flow unit. The flow unit has fumarolic al-
teration pipes near its top. Further to the south a section 
of the UBT exposes the UB Plinian deposit, composed 
of 180 cm of fall unit B. 

Analyses of pumice clasts from all levels in both the 
LBT and UBT indicate that the ignimbrites in this sector 
are formed of only the more evolved high-silica rhyolite 
compositions. The reason for this compositional selec-
tivity throughout both ignimbrites in this area is not yet 
fully understood. 

Summary: Both the LBT and UBT display many of their 
usual characteristics in this northern outflow lobe, which is 
more valley-confined than with the plateau-forming sheets 
around the other sectors of the Jemez Mountains. 
Depositional zones in the UBT are broadly similar to those 
seen on the Pajarito Plateau in the east of the Jemez 
Mountains, but compositionally both the LBT and UBT 
have a more restricted range of pumice compositions 



 

than in other parts of the ignimbrite sheet, a fact that awaits 
future understanding. 

Retrace the route through Cañones to NM-96 and turn left. 
Proceed to Coyote; turn left on FS-316 just past the village (73.7 

mi). On the right the road passes Loma Coyote, a small mesa 
capped by a distal outlier of UBT. Follow FS-316 to the sign for 
Jarosa (82.4 mi) where you take the left turn onto FS-103. Fol-
low FS-103 and turn left onto FS-527 (90.2 mi); after about 1 
mile FS-527 becomes FS-114 (also in this section called Pipe- 



 

line Road). Follow this road uphill and stop at the crest of the 
hill in the low cutting (92.1 mi), the outcrop for Stop 17. 

Stop 17: Upper Bandelier Plinian deposit 
Significance: This roadcut gives an excellent section 

through the Plinian deposit of the upper Bandelier Tuff 
at a distance of 8.5 km from the caldera rim and 20 km 
from the suspected vent site. 

Description: This section exposes units A and B of the 
UB Plinian deposit and is approximately on the axis of 
both units. Unit A is well-bedded and has the same char-
acteristics as at Stop 13. Unit B is little reduced in thick-
ness from Stop 13 (Fig. V48) and shows a high degree of 
crystal concentration (up to six-fold). Dispersal of these 
two units is to the northwest, an unusual direction for 
Jemez Mountains Plinian deposits. All other known fall 
units have dispersal axes trending from NE—SSE. 

The eruption that produced unit B is interpreted to have 
been very powerful. The large areas enclosed by maxi-
mum clast isopleths (Fig. V49) and the strong crystal con-
centration suggest an ultra-Plinian eruption with a model 
column height in excess of 45 km (using the method of 
Carey and Sparks, 1986). The bulk volume of fall unit B 
is difficult to constrain because the isopachs cannot be 
closed with the existing area of outcrop, but it must be 
greater than 26 km3. The upper fall units, and part of unit 
B, were eroded by the early pyroclastic flows, which de  

posited fine-grained, crystal-rich flow units. The thin UBT 
ignimbrite here is strongly vapor phase altered 1 to 2 m above 
the base. 

Summary: The UBT eruption began with a locally dis-
persed, phreatomagmatic eruption (unit A) followed by a 
high intensity, ultra-Plinian eruption, (unit B). The in-
tensity of the Plinian phase may have been due to the 
presence of external waters in the vent region. Potential 
sources are a lake, aquifers, and/or a hydrothermal sys-
tem within Valles caldera. Early UBT ignimbrite flow 
units were violently emplaced and commonly caused 
erosion of the upper part of the Plinian deposit. Some of 
the units were thin and widespread, and may have the 
characteristics of low aspect-ratio ignimbrite. 

Continue east following FS-144, and, where the road forks, 
take the right branch uphill (95 mi). At 95.8 mi FS-144 
begins a steep descent into Cebolla Canyon; stop at the top of 
the steepest section on a left-hand curve. The outcrops of interest 
occur in the roadcuts downslope from the curve. 

It is evident from the topography and vegetation why the 
Bandelier ignimbrites are not well understood in the north to 
west sector of the Jemez Mountains. Exposures are usually lim-
ited to the welded parts of the ignimbrite valley-wall cliffs, the 
less-resistant tops and bottoms being rarely seen. The nonwelded 
basal part of the UBT is poorly and patchily exposed between 
Stops 17 and 18 where it rests on thick, densely welded LBT. 



Stop 18: Welded lower Bandelier ignimbrite, Cebolla 
Canyon 

Significance: This densely welded ignimbrite facies is 
seen nowhere else in the LBT outflow sheet, except in the 
intracaldera sequence revealed by drilling (Nielson and 
Hulen, 1984). It was once thought by earlier workers to  

be a third Bandelier ignimbrite but was later proven to 
be part of the LBT (R. A. Bailey, personal communica-
tion, 1985). 

Description: More than 90 m of grey, welded, lithic-
rich LBT are exposed in the walls of Cebolla Canyon and 
can be traced for several kilometers down canyon. This is 
a homogeneous facies, and flow unit boundaries cannot 
be recognized. The base is not exposed, thus total 
thicknesses in this area must be significantly greater than 
100 m. Yet -100 m of nonwelded LBT is commonly seen 
in the southern and eastern LBT ignimbrite sheet, there-
fore factors other than thickness must control welding. 
These are most likely temperature and rapidity of depo-
sition and environment of emplacement; the former may 
be related to changing composition of magma erupted 
and/or eruption column processes. 

Summary: It is not known where in the LBT sequence 
this densely welded facies belongs. It may have been 
formed by late, hotter pyroclastic flows, and could thus be 
correlative with intracaldera flow units. Alternatively, the 
welding may be an artifact of the environment of depo-
sition, i.e., pyroclastic flows may have ponded rapidly to a 
great depth in a preexisting depression, with dense 
welding resulting. 

Follow FS-144 along and through Cebolla Canyon; turn right 
off Pipeline Road, still on FS-144 (96.9 mi), and follow FS-
144 to its junction with NM-126 (108.8 mi). Turn left on FS-
126 past the Hot Dry Rock drilling site at Fenton Hill, located 
just down-slope from the western topographic wall of the Valles 
caldera. Just below the Fenton Hill site, a photograph stop can be 
made for an overview of the western part of the caldera and the 
Redondo Peak resurgent block; there is a good view of the apical 
graben from a pull-out to left of the highway. Caldera resurgence 
occurred about 100,000 years after the UBT eruption (Smith 
and Bailey, 1966; Spell et al., 1990). Descend into the caldera 
moat via NM-126 to its junction with NM-502/4 at La 
Cueva (112.3 mi). Follow NM-502/4 towards Los Alamos 
and take FS-105 on the left, signposted Sulphur Springs (113.1 
mi) proceeding to the end of the road (115.6 mi). Note that the 
gate is usually locked. This is private land and permission to visit 
this site must be obtained from the owner. 

Stop 19: Sulphur Springs and intracaldera geology 
Significance: This is the only chance that most people 

have to examine features of intracaldera geology and the 
resurgent center of the Valles caldera. Most information is 
known from drill hole logs. 

Description: Sulphur Springs was once a small resort 
where people bathed in waters from the springs and mud 
pots. The hot springs occur at the intersection of the 
northeast-trending Sulphur Creek fault (part of the Jemez 
fault zone) and several local faults (Goff and Gardner, 
1980). Fumaroles, hot springs, and mud pots are visible 
here. Temperatures approach boiling and pH may be less 
than 1. Geochemistry is discussed by Goff et al. (1985). 
Continental Scientific Drilling Project (CSDP) core hole 
VC-2A was drilled here to a depth of 528 m in 1986 and 
found a temperature of 212°C. The core hole penetrated a 
thick sequence of intracaldera tuffs and volcaniclastic rocks 
(Fig. V50). 

In 1988 CSDP core hole VC-2B was drilled to a depth 
of 1762 m, detecting a temperature of 295°C at a site 0.5 
km east-northeast of VC-2A (Fig. V50). VC-2B gives a 
complete intracaldera section (Hulen and Gardner, 1989). 
Both VC-2A and B give similar sections through the intra-
caldera sequence, but there are some interesting differ- 
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ences. Units in these cores correlate well with the intra-
caldera geology given by Nielson and Hulen (1984) from 
examination of cuttings from several Union Oil Company 
drill holes in the area to the immediate northeast of Sul-
phur Springs. The salient features are summarized below 
in stratigraphic order from oldest to youngest. 

Lower tuffs: The lower most rhyolitic ignimbrites are the 
so called "Lower Tuffs" (Nielson and Hulen, 1984) found 
at depths (in VC-2B) from 599 to 742 m below the 
surface. These are thought to correlate with the San Diego 
Canyon ignimbrites, seen on Day 3, although this has not 
been rigorously proven (Turbeville and Self, 1988). 

Lower Bandelier Tuff (Otowi Member): Up to 227 m of LBT 
occurs in the cores (372 to 599 m depth). It is surprisingly 
lithic-poor except for lithic-rich horizons at about 450 m 
in VC-2A (?lag breccia). The ignimbrite is generally 
densely welded, but the textures are overprinted by 
hydrothermal alteration. 

Upper Bandelier Tuff (Tshirege Member): A relatively lithic-
poor 275 m of homogeneous, hydrothermally altered 
UBT was cored in VC-2A. 

Upper tuffs: At least 44 m of non- to moderately welded 
ignimbrite are found in many of the holes drilled in the 
western part of the caldera, but are missing in VC-2B. The 
source of the lithic-rich upper tuffs is uncertain. Nielson 
and Hulen (1984) and Hulen et al. (1988) recognize that 
they are above the UBT and are stratigraphically equivalent 
to the early postcaldera lava domes (circa 1.12 Ma). 
However, they are similar in appearance to the UBT. In-
terpretation depends on the nature of the S2 sandstone 
which separates the upper tuffs from the UBT (Hulen et al., 
1991). It should be noted that in VC-2A the upper tuffs are 
bounded by faults, and a breccia (debris-flow deposit?) 
occurs above the S2 sandstone. All the ignimbrite units 
thicken in the subsurface from Sulphur Springs towards the 
east (Nielson and Hulen, 1984; Hulen et al., 1991). 

Summary: Most geophysical studies across the caldera 
(see summaries in Goff et al., 1986; Heiken et al., 1986) 
indicate that caldera fill thickens to the east (Fig. V51). 

This is also suggested by Nielson and Hulen (1984), whc 
proposed that the intracaldera Bandelier tuffs thicken 
eastward. The intracaldera structure and geology are be-
coming moderately well known in the western-central 
parts. The geology of the eastern part is poorly understood 
due to a lack of good exposures and to a dearth of 
information east of the area of interest to geothermal ex-
ploration. The center of the resurgent block is not a simple 
up-domed structure but a horst (block uplift) along the 
trend of the Jemez fault zone, which crosses the resurgent 
center trending southwest-east-northeast (Fig. V2). 

Sulphur Springs is located just east of the suspected 
ring fracture zones of the caldera on the western edge of 
Redondo resurgent block. The geology of the units is 
much affected by alteration. Units in the area of the 
springs are young landslide deposits, phreatic or 
phreatomagmatic tuffs (including accretionary lapilli) 
due to explosive activity in the thermal area, and post-
caldera lake beds some of which dip westwards along 
with the underlying intracaldera ignimbrite, although this 
is difficult to appreciate from the hot-spring area. An 
early post-caldera Redondo Creek rhyolite lava flow, the 
Redondo Creek unit, is exposed along FS-105 just 
before the gate to Sulphur Springs. 

Return along FS-105 to NM-502/4, where you turn left and 
proceed to White Rock following the route of previous days (144 
mi). 
END OF DAY 4. 

Day 5: Bandelier outflow sheet and basalts of 
Cerros del Rio volcanic field 

This day's route is considerably shorter than the previ-
ous one's and visits several locations exposing mainly UBT 
in the White Rock—Frijoles Canyon area, both in the 
Bandelier National Monument and along NM-501 and 
NM-502/4. Basaltic lavas and pyroclastic deposits of the 
Cerros del Rio field are also seen. This field is one of three 
basaltic centers peripheral to the Jemez Mountains that 

 



were active immediately before and during the period of 
the Bandelier eruptions (2 Ma to present; Dunker et al., 
1991). The trip stops, plus time allowed for enjoying the 
non-geologic attributes of the Bandelier National Monu-
ment, add up to a full day's field trip. 

Leave White Rock driving west on NM-502/4 to the end of a 
sweeping right hand curve (5.9 mi). Pull off to left and turn 
through gate on unsignposted dirt road that runs parallel to 
NM-502/4 for 100 m and then turns abruptly left. Follow 
this rough dirt road (four-wheel drive advised but not essential) 
for 4 mi (not included in guide mileage) across the UBT sur-
face. After the road runs under power lines, turn right at the 
fork and proceed until the road ends. Park and walk about 
100 m along the path to the cliff edge at the right; the path 
continues steeply down to the Rio Grande in White Rock 
Canyon, but do not descend. The outcrop for Stop 20 occurs 
for about 50 m along the cliff face, where access is by ledges 
eroded into the UBT. 

Stop 20: Topographic control of upper Bandelier ignim-
brite and ash cloud surges, Ancho Canyon—White 
Rock Canyon junction 

Significance: The UBT thickens in this area from a few 
meters to 200 m over a distance of less than a kilometer in 
response to the paleotopography. Characteristics of lateral 
flow unit margins are seen. The upper flow units have 
strong clast-size grading. Fisher (1979) interpreted surge 
deposits between the ignimbrite flow units as ash-cloud 
deposits in the original study of this phenomenon. 

Description: Fall unit B of the UBT Plinian deposit is 
found at the base of the exposure, underlying basaltic 
lavas of the Cerros del Rio field. Flow units of the ignim-
brite pinch out against the basaltic topographic "high", 
and have marginal concentrations of very coarse pumice 
(up to 1 m). Above a level equivalent to the top of the 
lower main flow unit (Stop 1), pumice- and crystal-rich 
cross-stratified surge beds occur between flow units. 
Fisher (1979) mapped extensive surge deposits at this 
horizon in the UBT over the Pajarito Plateau and 
ascribed to them an ash-cloud surge origin, the first 
recognition of such deposits. 

The "sandy parting", in the original terminology of Smith 
and Bailey (1966), between the first and second UBT flow 
units has been interpreted as an ash-cloud deposit formed 
by elutriation from the underlying pyroclastic flow (Fisher 
1970). This is based upon field observations that the sandy 
deposit does not begin to develop until about 15 km from 
the caldera rim and then steadily becomes thicker and more 
continuous away from the source (Fig. V52). The sandy 
lenses first appear in outcrop as very thin (millimeter thick) 
lenses of short lateral extent (less than 25 cm). As the lenses 
become thicker and longer, there is development of 
laminated bedding, dune structures, and low-angle cross 
beds. Maximum thickness is about 30-35 cm and several 
dune crests occur in a continuous pinch-and-swell layer 
(Fig. V53, top). In several places more than one ash cloud 
layer occurs at the top of the unit. Indications that the ash 
cloud originated at the top of the underlying flow rather 
than at the base of the next overlying flow are: (1) small-
diameter, crystal-rich gas pipes extend from the underlying 
ignimbrite into the laminated ash cloud deposits; (2) the 
main surface horizon locally interfingers and is texturally 
gradational with the underlying flow unit; and (3) subsidiary 
surge lenses occur beneath the main surge horizon in 
several places. The subsidiary surge lenses are laterally  

discontinuous and occur entirely within massive 
deposits of flow-unit 1 or else lie above thin pumice 
swarms or flows within its upper part. Figure V53 
(bottom) shows schematically the development of an 
ash-cloud surge above a pyroclastic flow. 

Retrace the route to NM-502/4, then turn left and drive 0.3 
mi (6.2 mi) until the road begins to descend into Ancho Can-
yon. Park along the side of the road and walk downhill about 
100 m into the canyon. The outcrop for Stop 21 occurs in the 
roadcut in upper Bandelier tuff on the right. 

Stop 21: Upper Bandelier Tuff inter-flow unit surges 
and possible secondary explosion deposits, Ancho 
Canyon wall 

This is a fairly small-scale detail of the upper part of 
the UBT exposed where the road begins its descent to 
Ancho Canyon. A very localized unit of bedded, crystal-
rich tuff occurs between incipiently welded and vapor-
phase altered ignimbrite flow units. This unit appears to 
drape a V-shaped depression in the top of the underly- 

 



 

ing flow unit which is filled by material from the flow 
unit above (Fig. V54). The bedded material could be the 
result of fumarolic activity and/or secondary explosions 
in a newly deposited flow unit. In either case, it indicates 
slight pauses between flow unit emplacement events in 
the upper Bandelier (Tshirege) eruption, sufficient to 
permit minor explosive activity. 

Return to vehicle and continue downhill into Ancho Canyon on 
NM-502/4. Pull off the road at 6.9 mi., where the exposure for 
Stop 22 is in a roadcut on the right (north) side. 

Stop 22: Lower Bandelier Tuff and upper Bandelier Tuff 
with basal pumice-rich flow units, Ancho Canyon 

A rare exposure is in this part of the Pajarito Plateau. 
The cream-colored LBT occurs beneath the UBT, sepa-
rated by an erosion surface. Pumice-rich lower flow units 
occur in the UBT, with a thin, fine-grained ground-surge 
deposit between Plinian-fall deposit and ignimbrite. Note 
also the subhorizontal to dipping layers in the UBT in 
the outcrop and throughout this part of Ancho Canyon, 
thought to be fossil water table horizons cemented by 
clinoptilolite (R. A. Bailey, personal communication, 
1985). 

Proceed on NM-502/4 to the entrance to Bandelier National 
Monument (8.2 mi). Mileage in the monument is not added to the 
log. Turn left and drive into Frijoles Canyon, where you should 
proceed to the parking area at the Visitor Center. Geologists 
following the field guide should consult with the National 
Monument Rangers about locations they wish to visit. A short 
geological field guide for the canyon by G. Heiken and J. 
Eichelberger is available at the Visitor Center shop. The free 
leaflet on walks and features in the canyon may also be picked up 
at the Visitor Center. 

Stop 23: Frijoles Canyon 
NOTE: PLEASE, NO GEOLOGICAL HAMMERS OR 

SAMPLING IN THE NATIONAL MONUMENT AREA. 
Upcanyon from the Visitor Center, the whole thickness 

of UBT and the very upper part of the LBT are exposed 
along the canyon walls. The floor of Frijoles Canyon near 
the Visitor Center is approximately the UBT/LBT con-
tact, and LBT is exposed about 1 mile upcanyon. UBT in 
upper Frijoles Canyon is more than 100 m thick, has three 
cooling units, and has Plinian fall units B and D at the 
base. These can be seen in the west wall of a small arroyo 
(gully) just downcanyon from the first Indian dwelling 

 



sites on the path to the Long House (see the Bandelier 
National Monument leaflet available at the Visitor Cen-
ter). Further along this path, in the area of the Indian 
dwellings, pipelike structures of possible fumarolic ori-
gin can be seen weathering out of the UBT. The geologi-
cal sites can be interspersed with investigation of Indian 
dwelling places and artifacts. Frijoles Canyon contained 
a major Indian community until about 1100 A.D. when 
climate change probably drove the inhabitants to lower 
elevations. 

Walk downcanyon from the Visitor Center following the path 
to Frijoles (Upper) Falls. After the third foot bridge crossing 
the stream, leave the main path and head upslope into the area 
of tent rocks which occur at the base of the cliff to the right 
(east) of the area where the UBT suddenly increases in thick-
ness (see Fig. V55). 

Stop 24: Frijoles Canyon—topographic controls on 
upper Bandelier Tuff thickness and entrainment of 
surface lithic clasts 

Significance: The UBT ignimbrite thickens dramatically 
over a short distance as it fills an old canyon (Fig.  
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V55). The base of the ignimbrite has many surface-derived 
basaltic lithic clasts that match the underlying lithologies 
of Cerro del Rio tholeiitic basalt lavas, scoria cones, and 
tephra deposits showing that ignimbrite deposition 
overwhelmed this part of the Cerros del Rio volcanic field. 

Description: Thick nonwelded UBT ignimbrite rests on 
basaltic rocks including base surge deposits, a scoria cone, 
and fountain-fed lava flows from the Cerros del Rio field. 
Small remnants of the UB Plinian deposit can be found 
amongst the underlying scoria. These tholeiitic volcanics 
are from extremely local sources, as evidenced by the sco-
ria cone and clastogenic lava flows exposed at this loca-
tion. Continuation of the walk down Frijoles Canyon 
brings one to thick tholeiitic lavas and bedded phreato-
magmatic tuffs of the Cerros del Rio group. The base 
surge deposits and phreatomagmatic tuffs are the result of 
basalt magma being erupted into the Rio Grande channel 
or into lakes derived by blockage of the river by Cerros 
del Rio lava flows. Further details of this area can be 
found in the other field guide in this bulletin (Heiken et 
al., this volume). 

Return to the Visitor Center and leave Bandelier National 
Monument, turning right at NM-502/4 and retracing your 
route toward White Rock. At 14.4 mi, just before the residen-
tial area of Pajarito Acres (White Rock), stop at the last out-
crop on the left side on a left-hand curve in the road. The 
roadcut and the small mesa of ignimbrite above form the 
outcrop for Stop 25. 

Stop 25: Thin Bandelier ignimbrite on basalt of western 
part of Cerros del Rio volcanic field 

Significance: Here the UBT is composed of only three 
flow units and is 12 to 15 m thick compared with the many 
10s-100s of meters seen previously today. The ignimbrite in 
this area thins against a basaltic topographic high upon 
which White Rock is built. The rubbly top of a basalt lava 
flow overlain by a calichified soil is exposed under the 
ignimbrite and Plinian deposit. The erosive effects of the 
lowermost UB pyroclastic flows can be seen by the thin-
ning of the underlying Plinian deposit (unit B) onto the 
paleo-high, as well as surge partings between thin flow 
units further up-section. The Plinian deposit would have 
mantled the topography evenly before the arrival of the 
erosive pyroclastic flows. 

END OF DAY 5 AND OF THE FIELD GUIDE TO BAN-
DELIER TUFF AND VALLES CALDERA 
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Introduction 

Rift volcanism is often characterized by the complex 
interplay between volcanic and geomorphic processes. By 
their very nature, rifts are the loci for basaltic volcanism 
and often host the continental depressions that serve also 
as groundwater basins, major rivers, and lakes. Eruption 
processes are controlled by the depths at which rising 
magma intercepts either ground or surface water; in some 
instances, modern or ancient aquifers can be mapped by 
identifying the degree of phreatomagmatic activity that 
characterizes cones or tuff rings within a rift-bound 
volcanic field. 

The Cerros del Rio volcanic field, located in the Espa-
nola Basin, immediately west of Santa Fe (Fig. W1), con-
tains typical examples of the products of rift processes 
that have occurred within the Rio Grande rift over the 
last 3 m.y. The best exposures of sedimentary and vol  

canic rocks of the rift and of proximal pyroclastic rocks 
from the adjacent Jemez volcanic field are along White 
Rock Canyon. This canyon of the Rio Grande, with a 
maximum depth of 300 m, begins at Otowi, along the 
road between Santa Fe and Los Alamos, and ends at 
Cochiti Pueblo (Fig. W2); much of the lower half of the 
canyon has been partly flooded by Cochiti Reservoir, a 
flood control and irrigation dam constructed upstream 
from the pueblo. 

There are no roads and only difficult trails along 
White Rock Canyon; for this reason it is easiest to use a 
boat to gain access to the locations described in this 
guide. The following descriptions along the canyon are 
keyed to prominent geographic features in a manner 
similar to a traditional geological field guide. 

Geologic setting and history of the Rio Grande rift 

The Rio Grande rift is a chain of grabens over 1000 km 
long, which trend south from Leadville, Colorado, to the 
U.S.—Mexico border near Presidio Texas (Baldridge et al., 
1984). The northern rift, from central Colorados to central 
New Mexico is well-defined, but breaks into a broad zone 
of grabens and horsts south of Socorro, New Mexico, 
where the actual rift is better defined by geophysical char-
acteristics than by geomorphic features. Based upon pet-
rologic, gravity, heat flow, and magnetotelluric surveys, the 
crust under the rift thins to as little as 30 km, in contrast 
with crustal thicknesses of 40 to 45 km east and west of 
the rift (summarized in Baldridge et al., 1984). 

Extension, leading to rift formation, began between 32 
and 26 m.y. ago, along a N—S-trending zone of weakness 
that had developed during late Paleozoic time (Chapin, 
1979). Within the central segment, from Alamosa, Colo-
rado, to Socorro, New Mexico, the rift consists of a NNE-
trending line of en echelon basins. 

The Cerros del Rio volcanic field, the subject of this 
field trip, is located in one of these en echelon basins, the 
Espanola Basin (Fig. W3); this basin is 40 km by 65 km, 
separated from adjacent basins by basement ridges (Man-
ley, 1979). The predominantly coarse-grained clastic sedi-
mentary rocks (partly consolidated arkosic sandstones, 
siltstones, and conglomerates) of the basin are overlain by 
or intertongued with volcanic and volcaniclastic rocks of 
the Jemez Mountains to the west, basaltic lava flows of 
the Taos Plateau to the north, and the Cerros del Rio vol-
canic field along its southern margin. Many of these sedi-
mentary rocks represent alluvial fan deposits from the 

Precambrian and Paleozoic highlands to the east, north, 
and west (underlying the volcanic rocks of the Jemez 
Mountains) (Cavazza, 1986). 

Most of these clastic sedimentary rocks are included in 
the Santa Fe Group, which ranges in age from —21 Ma 
to 1.0 Ma (Hawley, 1978; Manley, 1979). Interbedded with 
these Santa Fe Group rocks are fallout tuffs, which serve 
well as marker beds and can be observed in outcrops 
along the road from Santa Fe to Espanola. These tuffs 
have ages of 9-14 Ma (fission track ages) and are probably 
from the Jemez volcanic field. Total thickness of these 
sedimentary rocks is between 1.5 and 2.5 km, depending 
upon the model used to interpret the gravity data or by 
extending slopes measured on the older rocks exposed at 
the basin margins (Manley, 1979). Detailed stratigraphic 
and paleontologic studies are covered in a monograph by 
Galusha and Blick (1971); later basin studies have built 
upon this work. 

How old is the Rio Grande and how long has it been 
in its present location along the central rift? Originating 
in central Colorado, this river presently connects the rift 
basins until the rift is no longer visible in west Texas 
(where the river forms the border between the U.S. and 
Mexico it is known as the Rio Bravo del Norte). Fluvial 
gravels that include lithologies derived from outside the 
basin to the north, unconformably overlie sedimentary 
rocks dated at between 5.6 m.y. and 2.9 m.y. (Manley, 
1979). The Rio Grande was established as a through-
going river during early Pliocene time (Machette, 1978; 
Waresback, 1986). 
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At approximately 36° N, near the cities of Los Alamos 
and Espanola, New Mexico, the rift is crossed by a major 
crustal structure, the Jemez lineament. This lineament is 
defined by a SW—NE-trending line of volcanic fields, 
from the Springerville field in east-central Arizona to the 
Raton field of NE New Mexico and western Oklahoma 
(see Baldridge et al., 1989). The Jemez volcanic field, which 
has formed over the last 14 m.y., is located at the inter-
section of the Jemez lineament with the Rio Grande rift 
(Smith et al., 1970; Gardner et al., 1986). 

Volcanism over the zone of extension and mantle dia-
pirism represented by the Rio Grande rift shows 
considerable variation, from olivine tholeiites of the 
Albuquerque volcanoes (visible when looking west from 
the Albuquerque airport) to basanites and alkali olivine 
basalts of the Cerros del Rio volcanic field (Baldridge, 
1979; Aubele, 1978; Dunker, 1988). The largest volume 
of basalt within the rift is in the Taos Plateau volcanic 
field, which consists of low-alkali tholeiitic rocks and 
interbedded intermediate and silicic lavas and tuffs 
(Dungan et al., 1984). Most of the basaltic volcanism 
visible within the rift has occurred over the last 5 m.y., 
although volcanism occurring along N—S faults on the 
rift margin within the Jemez volcanic field dates back to 
14 Ma (Table W1). 

White Rock Canyon 
A diverse sequence of Miocene through Holocene 

rocks, in which are recorded volcanism, sedimentation, 
and erosion along the Rio Grande rift in the Espanola 
Basin, is exposed in White Rock Canyon. Sedimentary 
rocks of the lower and middle Santa Fe Group, overlying 
volcano-genic alluvial fan deposits (the Puye Formation), 
and Pliocene alluvium (upper Santa Fe Group), record 
alternating aggradation and canyon cutting centered near 
the present-day White Rock Canyon during late Tertiary 
time. This broad coalescent fan deposit (Santa Fe Group) 
extended beneath the eastern edge of what is now the 
Jemez Mountains. The thick basin fill accumulated to a 
local elevation of over 1860 m (6100 ft); this slowly 
aggrading base level existed from at least mid-Miocene to 
Pliocene time. 

By mid-Pliocene time (-3 Ma), southwest-trending ar-
royos (from the east) and east- to southeast-trending can-
yons (from the Jemez Mountains) were deeply eroded to 
the level of the paleo-Rio Grande. Many of these paleo-
canyons are preserved under lavas and pyroclastic rocks of 
the Cerros del Rio volcanoes and by the two members of 
the Bandelier Tuff, erupted at 1.4 Ma and 1.0 Ma. Strati-
graphic relationships may be seen by hiking up side can-
yons from White Rock Canyon. 

The present location of the Rio Grande did not change 
much during activity of the Cerros del Rio volcanic field 
(-3 Ma). Although many of these lava flows are buried by 
the Bandelier Tuff, there are outcrops in canyons and on 
high ridges, around which the Bandelier Tuff flowed; 
basaltic lavas are intersected by water wells up to 10 km 
west of the Rio Grande (Dransfield and Gardner, 1985). 
In all of these cases, it appears that lavas erupted on the 
west side of the canyon flowed east and those on the east 
flowed west. The Cerros del Rio volcanic field covers 
over 800 km². 

White Rock Canyon was repeatedly dammed by lava 
flows of the Cerros del Rio volcanic field. Lacustrine 
sedimentary rocks have been mapped in and north of 
White Rock Canyon; along the highway to Los Alamos 
there is a lava delta, where lavas from a vent on the west 
side of the valley flowed into a lake with a water surface 
of at least 1860 m (6100 ft). Similar lava deltas are 
visible in many canyons between Los Alamos Canyon 
and the village of White Rock. 

Along the northwestern margin of White Rock Canyon is 
a 200 km2 volcanogenic alluvial fan (the Plio-Pleistocene 
Puye Formation), which consists of volcanogenic sedi-
mentary rocks and interbedded tuffs derived from the 
dacitic and rhyolitic domes of the Tschicoma Formation of 
the Jemez volcanic field (Turbeville et al., 1989, Fig. W4). 
The intertonguing Totavi Formation (Totavi Lentil of 
Griggs, 1964) includes the earliest dated deposits of the 
ancestral Rio Grande in northern New Mexico (4-4.5 Ma; 
Waresback, 1986). The river does not appear to have 
changed course considerably since before mid-Pleistocene 
time, when the growing Puye alluvial fan may have pushed 
the river several km east of its present position 
(Waresback, 1986). Deposition of this alluvial fan was con- 

 



 

temporaneous with basaltic volcanism, as basaltic ash 
layers were interbedded with the volcanogenic clastic 
rocks. 

The upper portions of White Rock Canyon are flanked 
by slump blocks (toreva blocks), which appear to have 
been stable since at least mid-Pleistocene time (Bandelier 
Tuff is part of some of the slide blocks, but the blocks 
are overlain by 150 ka El Cajete pumice that has not 
been dislocated). Most of these slump blocks consist of 
basaltic lava flows that overlie rift sedimentary rocks. 

Before about 2 Ma, the Rio Grande appears to have 
flowed at an elevation of less than 1834 m (6020 ft). Field 
relations demonstrate that the upper part of White Rock 
Canyon was at least 76 m (250 ft) deep at that time. Be-
fore eruption of the lower member of the Bandelier Tuff 
(1.45 Ma), side canyons west of the Rio Grande (south of 
Water Canyon) had been incised into basalt flows to  

a depth of at least 150 m (500 ft). White Rock Canyon 
was probably cut into landslide debris to an elevation of 
1768 m (5800 ft). 

Since eruption of the upper member of the Bandelier 
Tuff, White Rock Canyon has been deepened by about 
122 m (400 ft). Elsewhere in the Espanola Basin, rapid 
incision of the river occurred during mid-Pleistocene time, 
probably in response to climatic change and to complex 
regional geomorphic factors, such as (1) integration with a 
through-flowing "Lower Rio Grande" system, and (2) 
upstream enlargement of the headwater areas to include 
the San Luis Valley region of Colorado. Soil development 
in the canyon supports the climatic hypothesis, but stream 
terrace remnants are small. The highest fluvial terrace 
preserved in this area is about 46 m above the Rio Grande 
and is older than 150 ka. 

Hydrology of White Rock Canyon and Effects on Eruption Processes 

The Santa Fe Group clastic sedimentary rocks under-
lying the Cerros del Rio volcanic field are generally con-
sidered to be a single hydrologic unit and part of the 
Tesuque aquifer system (Hearne, 1980; Coons and Kelly, 
1984). Yields of 2725 m3/ day (500 gpm) have been re-
ported from this aquifer. General flow is from recharge 
areas at the base of the Sangre de Cristo Mountains to-
ward the west and the Rio Grande. Thickness of the Santa 
Fe Group and the aquifer is not known. 

Under the Cerros del Rio volcanic field, the water table 
slopes from an elevation of 1798 to 1768 m (5900 to 5800 
ft) along the eroded margins of the field down to 1676 to 
1615 m (5500 to 5300 ft), where the aquifer reaches the 
surface at the Rio Grande (Borton, 1963). During the last 
2 Ma, the level of this aquifer was possibly 150-175 m 
(492-575 ft) higher, depending upon the depth of erosion  

since then. Aquifer levels were between 90 and 275 m 
(300 and 900 ft) below the base of lava flows and cones 
that make up most of the field. 

Vents of the Cerros del Rio located closest to the Rio 
Grande are maar volcanoes (Fig. W5). During the period 
from -2.5 to -1.5 Ma these were erupted at a time when the 
level of the Rio Grande (and the aquifer) was at an 
elevation of 1768 m (5800 feet). Bases of the 
northernmost maar volcanoes, located along northern 
White Rock Canyon, are at an elevation of about 1768 m 
(5800 ft); maars farther down White Rock Canyon are 30-
60 m lower, but so was the river. Other vents, located at 
elevations over 100m higher than those of the tuff rings 
(also farther from the ancestral river), are all composed of 
cinder cones, spatter cones, and associated lava flows. 

All of the eruptions within the Cerros del Rio volcanic 
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field, occurring where the aquifer was shallow (nearly at the 
surface), were phreatomagmatic (hydrovolcanic). Vents 
reaching surfaces 100 m or more above the water table 
formed cinder or spatter cones with little or no evidence of 
magma/water interaction. An excellent example of this 
effect can be seen by walking up Frijoles Canyon (a side 
canyon trending NNW from the Rio Grande). Basaltic 
volcanoes are exposed along this and adjacent canyons. 
Maar volcanoes are visible from elevations of -4675 m 
(5500 ft) to 1706 m (5600 ft). From elevations of -1800 m 
(5900 ft) and up, there are cinder cones. The elevation ef-
fect is also visible in the larger maars, where the craters are 
filled with scoria and lavas. 

  

Guide to White Rock Canyon 

Reaching the head of White Rock Canyon (Fig. W6) 
All of White Rock Canyon is accessible by foot, 

although much of it requires rigorous hiking and a little 
scrambling. The head of the Canyon, at the intersection of 
NM-502 and the Rio Grande (Otowi Bridge), is on land 
belonging to San Ildefonso Pueblo; you most obtain per-
mission from the Pueblo before entering the canyon at 
this point. The most effective way of seeing the canyon is 
by boat, entering either from Otowi Bridge (permit re-
quired) or from Buckman Crossing (no permit required), 
which can be reached from Santa Fe. If you float, plan on 
at least one very long day, or perhaps two days, camping 
in the canyon. 

Entering from the North 
The easiest way of reaching this canyon is to drive 

north of Santa Fe along US-84/285 until you reach NM-
502, turning west toward Los Alamos (15 mi from the 
intersection of Alamo Drive and St. Francis Drive at the 
northern end of Santa Fe). Most of the sedimentary units 
along this drive are arkosic sandstone, siltstone, and 
conglomerate of the Tesuque Formation of the Santa Fe 
Group. Type sections of this formation are exposed in 
arroyos below the Santa Fe Opera. 

Travel west along NM-502 to Otowi Bridge on the 
Rio Grande (7 mi). If you enter the river and canyon 
here, you must acquire a permit from the offices of San 
Ildefonso Pueblo (fee required). Even if you do not 
enter the canyon here, there is a great view from the 
highway of La Mesita maar, discussed below. 

Entering from the East 
Travel north of Santa Fe (1.3 mi past the traffic light 

at St. Francis Drive and Alamo Drive) to the La Tierra 
Road (left off of US-84/285). Take this paved road due 
west for about 5 miles until it becomes a gravel road (be 
careful during the summer, for flash floods can inundate 
this road). This road becomes Buckman Road, which 
ends at Buckman Crossing on the Rio Grande. 

The road continues WNW, following the old Chili 
Line railroad grade, through Santa Fe Group sedimentary 
rocks until it reaches the base of an escarpment formed 
by lavas of the Cerros del Rio volcanic field, which over-
lie the sedimentary rocks. At this point, the road turns 
north and continues along Canada Ancho, at the base of 
the escarpment, for 6 mi until it reaches the Rio Grande 
at Buckman Crossing. This is an excellent place to begin 
your trip down White Rock Canyon. It is also the loca- 



 

tion of two of the best exposed maar volcanoes along the 
canyon; La Mesita to the north of Buckman Crossing and 
the maar of Caja del Rio, south of the Crossing. 

Entering from the West 
White Rock Canyon can be reached by foot from the 

western side of the Rio Grande in several places from NM-
4: 

White Rock: Trails lead from the village of White Rock. 
Ask for their location at businesses within the village or at 
the new White Rock Information Center along NM-4. 

Between White Rock and Bandelier National Monu-
ment: Trails are east of NM-4, between the village of 
White Rock and Bandelier National Monument. The most 
accessible of these trails is the one to Ancho Rapids. Trail-
heads are visible on the left (east) side of the highway 
(going toward Bandelier) as dirt roads with gates. 

Bandelier National Monument: There are many trails 
in the Bandelier National Monument Wilderness Area. The 
easiest trail to the Rio Grande is that along Frijoles 

Canyon, below the Monument Headquarters (the Falls 
Trail), which will take you through several maar volcanoes 
in cross section. The geology along the Falls Trail is 
described later in this guide, in reverse, starting at the river. 
Other trails, including the one to Capulin Canyon, will 
require a very long day or camping overnight. 

La Mesita maar 

Introduction 
La Mesita maar is the northernmost of the 70 volcanoes 

of the Cerros del Rio volcanic field. It is one of the best 
exposed maars in the volcanic field and is visible from 
NM-502 at Otowi Bridge. The southern end of this 
volcano can be reached from Buckman Crossing on the 
Rio Grande; to visit the northern half requires permission 
from San Ildefonso Pueblo. The purpose here is to 
describe the role of water in the development of La Mesita 
maar, as determined from detailed examination of the 
bedded deposits. 



 

Some of the rim beds contain bedding-plane sags, 
wavy units, and crossbedded units. Most of the layers, 
however, are plane beds commonly with inverse grading. 

Within many of the coarse- or fine-grained beds there 
are laminations of coarser- or finer-grained ash but 
without sharp bedding planes (Figs. W8, W9). For 
example, in some of the coarse-grained beds there is a 
faint layering that is manifested only by light dusting of 
fine ash along a horizontal plane. Lines in some of the 
finer-grained beds are of slightly coarser ash grains, of 
one to several grain widths, that are imbedded in the 
silt-sized material. The ash in these laminations may 
increase or decrease up or down in the layer to produce 
small-scale graded bedding. The laminations within the 
section at La Mesita commonly show very subtle low-
angle cross-bedding and lenticularity. 

Each coarse-fine bedding set in the La Mesita maar rim 
beds is considered to be the result of an eruptive pulse, 
with tephra being deposited by fallout or by flowage pro-
cesses. The initial assessment of whether beds are 
emplaced by flowage or by fallout processes is based upon 
certain bedding criteria. If internal laminations show subtle 
cross-bedding, the bedding set is interpreted to have been 
emplaced by flowage. Coarse-grained layers that lack bed-
ding-plane sags at their bases and show inverse grading are 
also interpreted to have been emplaced by flowage 
processes. Another criterion of flowage emplacement is 
the sharply defined basal unconformity where the upper 
beds have eroded underlying beds, resulting in crosscut- 

 

S tratigraphy 
La Mesita maar (Fig. W7) originally had a wide crater, 

but it is now filled with basaltic ash, scoria, and agglutinate 
from Strombolian eruptions. The maar rim beds that lie 
beneath the Strombolian fallout tephra make up the rim 
of the original maar volcano. They are about 100 m thick 
and are composed of fragments derived from hydroclastic 
eruption processes, as will be shown in a later section. 
The stratigraphic sequence, from maar rim beds to crater-
filling scoria, is now exposed in cliffs for about 3 km 
along the course of the Rio Grande. 

Paired coarse-fine bed sets. The rim beds of La Mesita 
maar are composed of a repetitive sequence of bedding sets 
consisting of coarse layers overlain by fine layers, with 
contacts being sharp to broadly transitional on a centimeter 
scale. The thickness ratio of coarse- to fine-grained layers 
varies greatly but averages about 1:1. The coarse-grained 
layers contain fragments that range from coarse ash to 
medium lapilli (-3-10 mm). The coarse-grained layers grade 
from those lacking fine particles (< ash size) with an open-
work texture to those with a fine-grained matrix. 

The coarse-grained layers with clast-supported texture 
are considered to be depleted in fine particles, which oc-
curred by processes of elutriation within ascending erup-
tion columns or pyroclastic surges. The more poorly 
sorted coarse-grained layers are believed to have also 
formed by one or the other of the two processes but with 
sorting processes not reaching completion. The fine-
grained layers within single paired sets may have been 
derived by separation from the coarser debris. However, 
many of the fine layers contain coarser clasts and appear 
not to have undergone any sorting process.  



ting relationships. Erosion by surges is also indicated by 
the mixing of two layers at their contact or the presence of 
material from the underlying layer in the overlying layer. 

Evidence for deposition by fallout includes: (1) frag-
ments at the base of a layer that distort the underlying 
layers (impact); (2) layers and laminations that drape 
smoothly over minor roughness elements of the under-
lying layer; (3) internal laminations that are parallel and 
are not associated with lenticular layers or other angular 
elements; and (4) relatively good sorting. 

The explanation for why bedding pairs begin with a 
coarse-grained layer and end with a fine-grained layer 
depends upon whether the bed is believed to be of flow 
or fallout origin. Fallout beds with inverse grading can be 
interpreted in terms of eruptive energy: eruptions with 
progressively larger kinetic energy, expelling larger clasts 
as the eruption progresses (Wohletz and Sheridan, 1983). 
Normal grading can form during energetic eruptions, 
with the finest material elutriated from the eruption col-
umn, falling after the eruption phase. 

Beds emplaced by flowage also show a progression from 
coarse to fine-grained tephra, but for a different reason. 
Coarse-grained basal units may form from the head of a 
passing surge, which is followed by the finer-grained and 
more poorly sorted body of the surge (Fisher et al., 1984, 
1986). Because most of the beds have been assessed as em-
placed by flowage at La Mesita maar, the following discus-
sion assumes flow emplacement unless otherwise stated.  
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Description of the Eruption Sequence 
The stratigraphic sequence at La Mesita maar is about 

100 m thick, but complete sections could not be 
measured in any single locality. The upper portions of the 
sequence are well-preserved on the uphill side of a dike, 
whereas the lowermost part of the sequence is exposed in 
a large, dissected slide block, 400 m east of an elevation of 
5487 ft along the Rio Grande (4 km downstream from the 
Otowi Bridge). 

There are subtle color differences within the tuff beds, 
which reflect changes in clast compositions. Pink hues 
characterize beds containing abundant sand- and silt-
sized material from the underlying Tesuque Formation. 
Yellowish hues are derived from palagonitized vesicular 
basaltic pumice fragments. Bluish-gray (medium gray) 
hues are typical of deposits containing abundant angular 
or subangular accessory to juvenile pyroclasts of 
hydroclastic (phreatomagmatic) origin. Dark gray and 
black deposits are mostly quartz xenocryst-bearing 
tachylitic scoria of Strombolian origin. 

Beginning at the base, the first half meter of section is 
dominantly pink to medium gray, changing to yellowish 
gray over the next 3-4 m, and pink and gray for the next 
20-30 m of interbedded fine-grained and coarse-grained 
layers. This sequence contains abundant lithic clasts 
(sand grains) derived from the underlying sandstones; 
these are progressively diluted upward with abundant 
juvenile hydroclastic particles. The uppermost sequence 
is mostly pink and contains a much higher percentage 
of accidental lithic clasts. 

Petrology and granulometry of the sequence. 
Eleven samples of La Mesita tephra were sieved and 
characterized by scanning electron microscopy (SEM). In 
general samples are finer-grained in the middle of the 
eruption sequence and coarser-grained near the base and 
top; the strongest hydroclastic fragmentation occurred 
midway through the eruption. Figure W10 distinguishes 
scoria from hydroclastic tephra on a sorting-median 
diameter plot, which also shows relative fields of fallout 
and pyroclastic surge bed forms. Histograms of size 
frequency show a distinct polymodality for most samples, 
a feature typical of many tephra samples in general. 

Clast shapes, as revealed by SEM, show several general 
trends: (1) lithic clasts of the Tesuque Formation are sub-
angular to subrounded quartz and feldspar grains and ag- 
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gregates of mudstone; (2) juvenile clasts larger than 0.5 mm 
are dominantly scoriaceous while smaller grains consist of 
angular blocks and plates; (3) variable degree of palag-
onitization has produced hydration cracks and rinds that 
separate from glassy clasts; (4) some samples contain nu-
merous spherical clasts with median sizes of about 2.5 4) 
(0.175 mm)—some of these appear to be alteration prod-
ucts, while most appear to be juvenile; (5) aggregation of 
fine ash is common; and (6) the scoria show fused surfaces, 
whereas hydroclastic shards have very irregular surfaces 
with abundant coatings of alteration products. The pres-
ence of spherical ash suggests some relatively fluid magma 
fragmented by hydrodynamic instabilities. However, the 
hydroclastic ash is dominantly angular, having been derived 
from brittle breakage of pre-vesiculated magma. 

Conclusions regarding the origin of La Mesita maar 
The hydroclastic tephra of the rim beds has abundant 

fine-grained clasts typical of hydroclastic eruptions. Ex-
periments with water and thermite melt to simulate wa-
ter-magma interactions indicate that explosive efficiency 
is strongly controlled by water-melt mass ratios and by 
confining pressure. Explosive efficiency is a percentage 
of mechanical to thermal energy, which is at its maxi-
mum when water-melt ratios are between 0.3 and 1.0 
(Wohletz and Sheridan, 1983). The efficiency of 
fragmentation increases with explosive energy and the 
degree of water superheating. 

One important measure of explosive energy and water-
melt ratios is the amount of fine-grained ash in 
pyroclastic deposits ("fine-grained" is < 62.5 pm). The 
increased melt surface area caused by efficient 
fragmentation promotes highly efficient heat exchange 
between water and melt. More glass is produced because 
the particles are rapidly chilled. 

Figure W11 (from Wohletz and McQueen, 1984) shows 
one of the models that can be used to interpret our data 
from La Mesita maar. As is shown for the model, rising 
magma encounters near-surface ground water; water is 
vaporized and magma and basement rocks are fractured 
and fragmented. Fragments from this level of magma–
water interaction are composed of chilled juvenile pyro-
clasts and lithic clasts. 

Figure W12 shows the variables that can be used to re-
late the deposits to the model shown in Figure W11. The 
volume of fine-grained glassy pyroclasts in the deposits is 
a measure of the amount of water in the system. The 
amount of lithic clasts (from rocks underlying the vol-
cano) reflect the size, permeability, and volume of water 
within the aquifer that comes into contact with magma in 
the vent. Volcanic lithic clasts (crystalline) are a measure 
of the magma/water ratio in the system. Using these 
three parameters, we can define four fields, based upon 
clast components in hydroclastic deposits (Fig. W13). 

Preliminary estimates suggest that in the lower part of 
the La Mesita maar, the fields move from C to D (high 
magma input and low to high volumes of water. Higher 
in the deposits, the fields alternate between A and B, 
which suggests enlargement of the vent area (increasing 
basement lithic clasts) and less magma input relative to 
the volume of available water. 

In the lower half of the La Mesita deposits the layers 
occur as bedding sets, each consisting of a coarse-grained 
base and fine-grained top. We consider each bedding set 
to represent a single explosion of the eruption (see Fisher 
and Schmincke, 1984, p. 348); explosions progress from  



low to high efficiency where some water entered the vent, 
triggering the eruption and fracturing rocks adjacent to the 
vent. Subsequently, more water moves into the area of 
rising magma. We visualize a rapid, progressive buildup of 
released energy, higher eruption columns with associated 
surges, and greater production of fine-grained ash. 

Near the top of the maar deposits lithic clasts from base-
ment rock exceed those derived from the vent, but there is 
still alternation between coarse- and fine-grained (and 
glassy) hydroclastic tephra. Thus, these bedding sets are still 
characteristic of the same transport and depositional style, 
but enlargement of the vent results in a greater proportion 
of basement lithic clasts. With continued eruptive activity 
and construction of a volcanic tuff ring or cone, the 
hydrovolcanic activity ceases, followed by magmatic, 
Strombolian eruptions. One hypothesis explaining these 
changes is that fractures are closed by chilled magma along 
dike margins as the vent is enlarged, closing off inflow of 
ground water. 

Another hypothesis is that vesicle growth gives higher 
surface area within rising magma, which promotes effi-
cient interaction with external water. Hydrovolcanism is 
absent where pyroclastic sections are greater than 100 m 
thick. Vesicle growth in many basaltic magmas typically 
occur at depths of > 100 m (Heiken, 1971). It is possible 
that the conduit pressure increased as the tuff ring grew 
to the point at which vesiculation was inadequate to pro-
mote interaction with ground water at depths < 100 m, 
and the eruption ended with Strombolian activity and fill-
ing of the crater with a lava lake. 

Buckman maar 
An oval, 1 x 1.2 km, 150—m-high mesa, located along 

the Caja del Rio, 2.2 km SE of Buckman Crossing, Buck-
man maar (unofficial name) is an eroded maar topped with 
deposits of scoria and bombs and a basaltic lava flow. The 
summit is most easily approached from the east, along a 
trail from Buckman Road. 

The general stratigraphic sequence consists of 
massive, block-bearing hyalotuff, overlain by well-
bedded orangish-brown hyalotuff (mostly plane beds). 
Interbedded with the well-bedded tuffs are blocks of 
pink, fine-grained sandstone, up to 30 m long. Dikes cut 
the tuff sequence and were feeders for the lava lake and 
flows overlying the maar. A lava flow capping the mesa 
south of this maar has an age of 2.3 ± 0.1 Ma. 

Beginning of float trip 
(distances are measured from Buckman Crossing) 

From Buckman Crossing to the mouth of Water Can-
yon (west), 0-8 km, the widest section of White Rock 
Canyon (2 km to 2.4 km wide) is characterized by large 
slump blocks on both sides of the river. Capping the 
slumps next to the river (E side at km 0.1) are slack-water 
deposits, 35 m thick, that record damming of the river 
sometime before 60 ka. 

Mortandad Canyon 
(location A, west side, 1 km south of the Crossing) 

Mortandad Canyon is little modified by slumping and 
contains a well-exposed section of rocks typical of White 
Rock Canyon (Fig. W14). This section includes 76 m of 
sandstones and conglomerates, which are intertongued 

Santa Fe Group sedimentary rocks (metamorphic and 
plutonic provenance) and Puye Formation (volcanic 
provenance), and ancestral Rio Grande deposits (Totavi 
Formation of Waresback, 1986). 

140 m of lavas of the Cerros del Rio overlie this with 
some interbedded river gravels. The lower third consists 
of basaltic andesite flows and some scoria, the middle 
third is a lava delta, consisting of interbedded palagon-
itized hyaloclastites and pillow lavas (the foreset beds of 
the lava delta indicate flow from west to east); these ap-
pear to have flowed into one of the lakes formed by 
damming of the Rio Grande by lava flows or slumps. 
The upper third of the basalt section is a massive olivine 
basalt flow with well-developed columnar jointing near 
the flow top, which has a K—Ar age of 2.3 ± 0.1 Ma. 

The section is overlain by members of the Bandelier 
Tuff, including the Guaje pumice fall and distal Otowi 
(lower) Member (1.4 Ma) and Tshirege (upper) Member 
(1.0 Ma). Paleovalleys and paleocanyons cut into the 
Cerros del Rio basalts, west of the Rio Grande, are 
partly filled with Bandelier Tuff; most of the canyons 
seen today are resurrected paleocanyons. 
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North end of Sagebrush Flats 
(location B, immediatly south of the 
Crossing, east side of the river) 

The ridge immediately south of Buckman Crossing is 
modified by slumping, but a section of about 140 m can 
be pieced together. It consists mostly of intertongued 
sandstones and conglomerates of both the Santa Fe 
Group and Puye Formation. This is the only location in 
the canyon where the Puye Formation crops out east of 
the Rio Grande. Olivine basalt flows are exposed in the 
middle and top of the section (Fig. W15). 

Southwest Sagebrush Flats 
(location C, 6 km south of the Crossing, east side of the river) 

Thirty meters of interbedded sandstones, cinders, and 
phreatomagmatic tuffs are exposed below the base of a 
paleocanyon that is partly filled with 100 m of the 
Tshirege (upper) Member ignimbrite of the Bandelier 
Tuff (Fig. W16). This is one of only three or four places 
in the canyon where Bandelier Tuff ignimbrites are 
preserved on the canyon's east side. 

Chino Mesa and Montoso maar 
(location D, 7.9 km south of the 
Crossing, east side of the river) 

Most of the 210 m of section exposed here consists of 
interbedded phreatomagmatic tuffs, thin basalt flows, and 
an andesite flow (Fig. W17). The andesite of Montoso 
Peak is exposed along the Canyon for nearly 10 km, and 
may have been a major unit responsible for one of the epi-
sodes of damming the Rio Grande. 

The Montoso maar is located in a side canyon (east side of 
river), 2.3 km due north of Montoso Peak. Aubele (1978, 

 

 

1979) interprets this as the dissected throat of a collapsed 
maar. The amphitheater-shaped, inward dipping tuff beds 
of these phreatomagmatic deposits overlie well-exposed 
talus deposits and show no evidence of collapse. It is pos-
sible that this maar was erupted in a paleocanyon, coating 
the walls of the canyon with sticky surge and fall deposits, 
which extended beyond the edge of this paleocanyon and 
out onto the lava plateau. On the plateau, these deposits are 
overlain by later lava flows. The canyon-filling tuff deposits 
were later cut by dikes feeding younger lava flows. 

Chino Mesa, Montoso Peak, and the Montoso maar may 
also be reached via U.S. Forest Service and powerline 
roads across the central Cerros del Rio. These roads 
should be tackled only with vehicles having high clearance 
and passengers with tough kidneys (see IAVECI field trip 
guide excursion 8A, Day 6, Stop 2, Baldridge, 1989). 

Chaquehui and Frijoles Canyons 
(location E, 12.7 km south of Buckman 
Crossing, west side of the river) 

While floating down the river between these two can-
yons, notice the interplay between the ancestral Rio 
Grande and volcanic activity, exemplified by deposits that 
are well-exposed in the western canyon walls. There are 
several maar volcanoes, each 2-3 km in diameter (recon-
struction); their distal surge deposits are visible, inter-
bedded with thin tholeiitic basalt flows, many of which are 
overflow from crater lava lakes within the maar craters 
(Fig. W18). These maars and lavas were cut by drainages 
from the Jemez volcanic field, which in turn were filled by 
the thick andesitic lavas from the Cerros del Rio field, cut 
again by streams in resurrected canyons, partly buried 



 

by canyon-filling ignimbrites of the Bandelier Tuff, then 
cut again by streams to form the canyons visible today. 

Sidetrip up Frijoles Canyon to Bandelier National 
Monument Headquarters. 

This well-used trail is within a national monument; do 
not collect samples! A walk of 1.5 km up (north) 
Frijoles Canyon to Upper Frijoles Falls will take you 
through a well-exposed section of these maar volcanoes. 
The uppermost of these maars can be walked from its 
distal margins at the Rio Grande to its throat at the upper 
falls, where the crater is filled with scoria deposits and 
crater lake lavas (Figs. W19, W20). This maar is about 3 
km in diameter and 30 m thick at the crater rim. It is 
overlain by thick andesite flows that are probably from a 
vent located east of the river. 

North of Upper Frijoles Falls (and upsection from the 
river), there is a cinder cone exposed to the east of Frijoles 
Canyon, above the flats above upper falls. This line of 
vents includes another large cinder cone, located along 
NM-4, 2.3 km north of Upper Frijoles Falls. As was men  

tioned earlier, those vents near river level (and the water 
table) formed phreatomagmatic tuff rings, whereas those 
about 100 m above the river were erupted as cinder 
cones. Another interpretation is that the cinder cones 
were erupted later, after deeper incision of the river 
canyon and lowering of the water table. 

Above Upper Frijoles Falls, the canyon broadens, and 
you can see a well-exposed paleocanyon along the 
northeastern canyon wall, which is filled with upper 
member Bandelier Tuff ignimbrite. Frijoles Canyon was 
also filled with Bandelier Tuff, but much of the paleo-
Frijoles Canyon has been resurrected, leaving only 
patches of tuff clinging to paleocanyon walls. As you 
continue up the canyon, the basaltic lavas of this 
paleocanyon are exposed along the trail. 

As the trail begins to climb again, toward the Bandelier 
Headquarters, it passes through nonwelded ignimbrite 
of the upper member of the Bandelier Tuff. There are 
no Plinian pumice fall deposits at this location because 
the upper member pumice deposit is located northwest 
of the Valles caldera. 



 

 

When you have reached the Headquarters Visitor Cen-
ter, enjoy the museum and well-preserved ruins. Ask at 
the Visitor Center about other geological trail guides. 

Frijoles Canyon to Lummis and Alamo Canyons 
(17-17.9 km south of Buckman Crossing, 

west side of the river) 
This stretch of canyon consists of mostly basaltic and 

andesitic lava flows, with some interbedded proximal 
phreatomagmatic tuffs. These rocks were cut by canyons 
that were filled by ignimbrites of the Bandelier Tuff; 
some, but not all, of these canyons have been resurrected 
by erosion. 

Several of the basalt flows of the Cerros del Rio are 
underlain by the lower member of the Bandelier Tuff (1.4 
Ma) and overlain by the upper member of the Bandelier 
(1.0 Ma). 

Arroyo Montoso enters from the east 1 km upstream 
from Alamo Canyon. There are thick (> 100 m), nearly 
continuous exposures of coarse phreatomagmatic de-
posits, dipping dikes, and interlayered basalt flows for 1.5 
km up the arroyo from the Rio Grande. The basaltic 
sequence is capped by approximately 30 m of ignimbrite 
(lower Bandelier Tuff?), which lie beneath a glassy 
Cerros del Rio andesite flow. 

Quaternary gravel deposits, containing clasts < 4 m in 
diameter, crop out 30-50 m above the Rio Grande down-
stream from Alamo Canyon. These gravels are older 
than 60 ka and may have been deposited after breaching 
of landslide dams located upstream. 

Alamo Canyon to Sanchez Canyon 
Along the canyon for 2 km downstream from Alamo 

Canyon, the river cuts through another maar. Diatomites 



are interbedded with the phreatomagmatic deposits east 
of the canyon. Flows of basaltic andesite and andesite 
from the Cerros del Rio cap these deposits. West of the 
river, thick exposures of proximal phreatomagmatic de-
posits crop out in cliff exposures and lie beneath ignim-
brite (Bandelier?) and basalt flows. Interlayered mid-
Pliocene cobble gravels and basalt flows lie at water level 
over much of this reach, and pink arkosic sandstone of 
the Santa Fe Group is exposed beneath the gravel at sev-
eral locations. 

Between Sanchez Canyon and Rio Chiquito 
(22.5 km south of Buckman Crossing) 

Faults extending north from the La Bajada fault (and 
escarpment) cross the canyon through this section. If you 
drive from Albuquerque to Santa Fe, you climb this es-
carpment on Interstate Highway 25. These faults and es-
carpment mark the mouth of White Rock Canyon, where 
the Rio Grande flows out into the Santo Domingo Basin 
and opens into the main part of Cochiti Reservoir. There is 
no evidence for movement along these faults during the 
Quaternary. Several basaltic vents are located along these 
faults, but none have been mapped in detail. Scattered 
patches of distal lower member (Otowi) Bandelier Tuff 
ignimbrite are interbeddedwith basaltic lavas and tuffs of 
the Cerros del Rio. 

As the Rio Grande turns to the ESE (mouth of the Rio  
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Chiquito), the cliffs on the north bank consist of a 35-m-
thick section of hyaloclastite. The deposit consists of 
orangish-yellow tuffs and highly vesicular bombs. Large 
bombs increase in number relative to matrix until there is 
no matrix and the deposit consists of agglutinated bombs 
that have flowed as rootless lava flows. The largest bombs 
are 1.3 m x 0.3 m; all are very vesicular, with vesicles up 
to 1 cm in diameter. Smaller clasts are bomb fragments. 
The yellow-orange matrix consists of coarse ash, lapilli, 
and small bombs; bedding plane sags are common. The 
tuffs are cut by a basaltic dike with an attitude of N10E; 
this grades upward into a scoria deposit. 

Turning toward the south again, the river cuts through 
another maar deposit consisting of well-bedded pale 
brown coarse to medium ash and lapilli. Beds are 2-10 cm 
thick, with ripples, dunes, and bedding plane sags. The 
well-bedded deposits consist of mostly lithic clasts, 
including fluvial cobbles and pebbles. Overlying the well-
bedded tuffs is 15 m of massive to poorly bedded volca-
nic breccia, interbedded with yellow tuff. 

Boat Ramp, Cochiti Reservoir 
(27.5 km south of Buckman Crossing) 

From here, it is possible to exit the canyon and river via 
Cochiti Pueblo, La Bajada escarpment and Interstate High-
way 25. 
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