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Part II: Field guide to the maar volcanoes of White Rock Canyon
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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 volcan-
ism and often host the continental depressions that serve
also as groundwater basins, major rivers, and lakes. Erup-
tion processes are controlled by the depths at which ris-
ing 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 spa-
fiola 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 Leadyville, Colorado, to the
U.S.-Mexico border near Presidio Texas (Baldridge et al.,
1984). The northern rift, from central Colorados to cen-
tral 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 con-
trast 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
Espafiola 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 Espafiola. These tuffs have
ages of 9-14 Ma (fission track ages) and are probably from
the Jemez volcanic field. Total thickness of these sedimen-
tary rocks is between 1.5 and 2.5 km, depending upon
the model used to interpret the gravity data or by extend-
ing 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 buiit
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 ba-
sins 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 Espafiola, 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 consider-
able variation, from olivine tholeiites of the Albuquer-
que 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; Duncker, 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 vis-
ible within the rift has occurred over the last 5 m.y., al-
though 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 ero-
sion along the Rio Grande rift in the Espafiola 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 alter-
nating aggradation and canyon cutting centered near the
present-day White Rock Canyon during late Tertiary time.
This broad coalescent fan deposit (Santa Fe Group) ex-
tended 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 km?.

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 km? 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.
WA4). The intertonguing Totavi Formation (Totavi Lentil
of Griggs, 1964) includes the earliest dated deposits of
the ancestral Rio Grande in northern New Mexico (44.5
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-

TABLE W1-Geochronology of volcanic events along the Rio Grande, Cerros del Rio. F.T. = fission track date.

Event Age (Ma) Method Reference
Santa Fe Group sedimentary rocks ~21-1.0 K/Ar; ET. Hawley, 1978;
Manley, 1979
Basaltic and andesitic volcanism, 3.0-0.96 K/Ar; Dethier (in press);
Cerros del Rio volcanic field inferred from Manley, 1976
stratigraphy

Puye Formation alluvial fan, with a ~5-2 K/Ar; Turbeville, et al.,

source area in the Jemez Mountains inferred from 1989

(contains interbedded tuffs from the stratigraphy

Tshicoma volcanoes)

Bandelier Tuff 1.12 K/Ar Doell et al., 1968
Upper (Tschirege) Member

Bandelier Tuff 1.45 K/Ar Doell et al., 1968
Lower (Otowi) Member

Damming of White Rock Canyon by >0.15 inferred from Dethier (in press)

slump blocks stratigraphy

El Cajete Pumice {from Valles 0.13 K/Ar Self et al., 1988

intracaldera rhyolite domes and
craters)
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FIGURE W4—Schematic cross section of the Pajarito Plateau of the eastern Jemez Mountains volcanic field, the canyon of the Rio
Grande, and Cerros del Rio, showing the relationships between the Puye alluvial fan (derived from the intermediate volcanic rocks
of the Tschicoma Formation), sedimentary rocks of the Santa Fe Group (including ancestral river deposits—Totavi Formation, as
well as Tesuque, Chamita, and Ancha Formations), and the basaltic rocks of the Cerros del Rio (from Turbeville et al., 1989).

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 basal-
tic 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 Espariola Basin, rapid
incision of the river occurred during mid-Pleistocene
time, probably in response to climatic change and to com-
plex regional geomorphic factors, such as (1) integration
with a through-flowing “Lower Rio Grande” system, and
(2) upstream enlargement of the headwater areas to in-
clude the San Luis Valley region of Colorado. Soil devel-
opment in the canyon supports the climatic hypothesis,
but stream terrace remnants are small. The highest flu-
vial 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 m?*/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 Can-
yon, 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
100 m 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 evi-
dence 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). Basal-
tic volcanoes are exposed along this and adjacent canyons.
Maar volcanoes are visible from elevations of ~1675 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.

FIGURE W5—Sketch geologic map of the Cerros del Rio volcanic
field, showing the location of known vents, including hydroclastic
vents (tuff rings} (modified from Kelley, 1978).
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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 scram-
bling. The head of the Canyon, at the intersection of
NM-502 and the Rio Grande (Otowi Bridge), is on land
belongmg‘(tjn San Ildefonso Pueblo; you most obtain per-
mission from the Pueblo before entering the canyon at
this point. ThEmnsteffecﬁvewayufseeﬁﬂie 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 llde-
fonso 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
5t. 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 care-
ful 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 Cafiada 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-
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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 volca-
noes 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 volca-
noes 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 permis-
sion 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.
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FIGURE W7—Geologic sketch map of La Mesita maar. The
notthern end of this maar is easily seen from the Otowi Bridge
on NM-502,

Stratigraphy

La Mesita maar (Fig. W7) originally had a wide crater,
but it is now filled with basaltic ash, scoria, and aggluti-
nate 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 hydro-
clastic eruption processes, as will be shown in a later sec-
tion. 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 centime-
ter scale. The thickness ratio of coarse- to fine-grained lay-
ers 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 lay-
ers 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 oe-
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.

Some of the rim beds contain bedding-plane sags, wavy
units, and crossbedded units. Most of the layers, how-
ever, 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 with-
out sharp bedding planes (Figs. W8, W9). For example,
in some of the coarse-grained beds there is a faint layer-
ing that is manifested only by light dusting of fine ash
along a herizontal 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 gowage
processes. Another criterion of flowage emplacement is
the sharply defined basal unconformity where the upper
beds have eroded underlying beds, resulting in crosscut-

g : At ...;'ﬁq’.-ﬂf 5 :
FIGURE W8—Bedding sets within the La Mesita maar deposits.



FIGURE W9—Close-up of bedding sets within La Mesita maar
deposits. Bedding sets are a few cm thick. The scale is 2 cm wide.

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 %rading 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
mare 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.

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 vesicu-
lar basaltic pumice fragments. Bluish-gray (medium gray)
hues are typical of deposits containing abundant angu-
lar or subangular accessory to juvenile pyroclasts of
hydroclastic (phreatomagmatic) origin. Dark gray and
black deposits are mostly quartz xenocryst-bearing
tachylitic scoria of Strombolian crigin.

Beginning at the base, the first half meter of section is
dominantly pink to medium gray, changing to yellowish
gray over the next 34 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 acciden-
tal lithic clasts.

Petrology and granulometry of the sequence. Eleven
samples of La Mesita tephra were sieved and character-
ized 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 py-
roclastic surge bed forms. Histograms of size frequency
show a distinct polymedality 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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FIGURE W10—Sorting (¢} vs. median diameter (Mdg) plot for
hydroclastic {phreatomagmatic) surge deposits and scoria fall
deposits of the La Mesita maar.
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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 ¢
(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 de-
rived 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 fragmen-
tation 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 mea-
sure 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

FIGURE W11—Model of hydroclastic (phreatomagmatic)
eruption (from Wohletz and McQueen, 1984); explosive magma-
water interactions are occurring within a shallow aquifer.
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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 build-
up of released energy, higher eruption columns with asso-
ciated 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 pro-
portion of basement lithic clasts. With continued erup-
tive activity and construction of a volcanic tuff ring or
cone, the hydrovolcanic activity ceases, followed by mag-
matic, Strombolian eruptions. One hypothesis explain-
ing these changes is that fractures are closed by chilled
magma along dike margins as the vent is enlarged, clos-
ing 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). Interbed-
ded 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 Can-
yon (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 be-
fore 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
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FIGURE W14—Stratigraphic section, Mortandad Canyon (A,
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Santa Fe Group sedimentary rocks (metamorphic and plu-
tonic provenance) and Puye Formation (volcanic prov-
enance), and ancestral Rio Grande deposits (Totavi For-
mation 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 dam-
ming of the Rio Grande by lava flows or slumps. The
upper third of the basalt section is a massive olivine ba-
salt 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 to-
day 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 can-
yon 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,
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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 clear-
ance 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 cra-
ters (Fig. W18). These maars and lavas were cut by drain-
ages 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
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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 up-
permost 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 lo-
cated 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 north-
eastern 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 Can-
yon 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 Bande-
lier Headquarters, it passes through nonwelded ignim-
brite of the upper member of the Bandelier Tuff. There
are no Plinian pumice fall deposits at this location be-
cause the upper member pumice deposit is located north-
west of the Valles caldera.



70

D

»
-l
J B
<
W
8 K< W(?\ H ? \3 S (H THICK LAVA
o [ > FLOW
=2
T f%\(/)\\“ ( ” RED BAKED
A T = £ 7o
\] % i -'25-5 4 "l"' I!!!.- SURFACE of
A — FCRATER LAKE LAVAS & CINDERS 2 VOLCANO
E;\\n--- S TETK E‘A\NP‘\‘\‘ — = S e— — MAAR
Ly -2 P
Ei." IS VOLCANO
UEEE == e DEPOSITS
—] venT |- .
(THROAT) ~ BOTTOMOF CANYON DOWNSTREAM =——f» - FRIJOLES CREEK
|

LAVA LAKE

ﬁ

—

T~ SECTION AT UPPER FRIJOLES FALLS

%—

FIGURE W19—Exposures and reconstruction of the maar volcano at Upper Frijoles Falls, Frijoles Canyon (west side of the river).

FRIJOLES CANYON
(Upper Surge Section)
O o
OQ * 5°5" 5" | —BLOCK AND LAPILLI BRECCIA
K "'\ — MASSIVE FINE-ASH SURGE
22700 %" o-o ) —| APILLIFALL
— PLANAR SURGE
— MASSIVE SURGE UNIT

=\ — SURGE DUNES
L~ FALLOUT 10% LITHIC CLASTS

5y
‘Ca o 0 5 Ooe
COVERED ’5

—_—

— PLANAR BEDDED SURGE
— EXPLOSION BRECCIA
— PLANAR SURGE 20% LITHIC CLASTS

— LAPILLI FALL 5% LITHIC CLASTS
— MASSIVE SURGE

MASSIVE-PLANAR SURGE TRANSITIONS
2| L50% LITHIC CLASTS
— PLANAR BEDDED SURGE

__LAPILLI FALL 20-4% LITHIC, PARTLY
PALAGONITIZED

WELL BEDDED SURGE
50% JUVENILE CLASTS

| L50% LITHIC CLASTS
?f -n‘i;‘:"ﬁ.’,; ' —BRECCIA
— BASALT LAVA 0

FIGURE W20—Stratigraphic section through the maar volcano
at Upper Frijoles Falls, Frijoles Canyon.

S5m

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 Canyoh 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. Scat-
tered 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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