
In spite of plague, fires and floods, SAGE successfully completed research at two sites in 2022: the San
Marcos Archaeological Preserve and the Valles Caldera National Preserve. COVID forced us to abandon our
regular accommodations at the Santa Fe Indian School, which has remained closed. However, we were able
to find alternative housing in local hotels/motels and utilized classroom and cafeteria facilities at the New
Mexico School of the Arts in Santa Fe. We had a full field program scheduled at the Valles Caldera, including
camping nearby, however the fires in the Valles Caldera just prior to SAGE led to the National Preserve clo-
sures and SAGE had to adjust their field and camping plan. SAGE had spent over a dozen years working at
San Marcos, and we were grateful that the Archeological Preserve was able to accommodate our last-
minute return, and a nearby campsite was able to accommodate our group. The monsoons came with a
vengeance with the benefit of putting out the fires, however flooding was widespread, and we had to be
cautious of dangerous field work and driving conditions. The rains did allow for the Caldera to be reopened,
and we were able to acquire passive seismic and MT data, before heading back to a wet but navigable San
Marcos. SAGE 2022 was memorable, to say the least.
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SAGE is a unique educational program that balances
research and education with a partnership between uni-
versities, industry, and federal laboratories. The primary
goa l  o f  SAGE i s  t o  ac t i ve l y  i nvo l ve  s tuden ts
(undergraduates, graduates and professionals) in all
phases of applied geophysical research using modern
field equipment and computer processing and interpre-
tation tools. Initiated in 1983, SAGE is a four-week long
summer program located in northern New Mexico. Sev-
enteen students participated in SAGE 2022 coming from
large and small colleges and universities within the U.S.
and internationally. 

SAGE students are introduced to fundamental scientific principles when applying geophysics to geologic prob-
lems and participate in data collection, data analysis, processing, modeling and interpretation, and presenta-
tion in both oral and written form. Students work with faculty, teaching assistants (TAs), and industry experts
on a variety of geophysical surveys including seismic, gravity, magnetics, electromagnetics, heat flow, GPR
and GPS allowing a high-level of technical expertise, use of state-of-the-art equipment, a multi-disciplinary
approach not available at most colleges, and excellent networking. At SAGE we ‘Learn Geophysics by Doing
Geophysics!’ 

The SAGE Program San Marcos Archeological Preserve

The San Marcos Pueblo located in the Galisteo Basin, New Mexico, was a 24-hectare, active settlement
of the Pueblo people from approximately the 1200s to the late 1600s. The San Marcos Pueblo sits to
the north of a freshwater spring system, the San Marcos Springs. These springs served as one draw for
the San Marcos Pueblo settlement. After the Pueblo Revolt of 1680, San Marcos Pueblo people aban-
doned this site for unknown reasons. The area is now the San Marcos Archeological Preserve that
serves as a natural laboratory for study of the Pueblo culture via anthropogenic geomorphological fea-
tures including kivas (structures used for religious activities) and adobe room block walls.

Among the various datasets acquired at San Marcos, SAGE22 students collected hammer seismic using
both 2 kg and 5 kg hammers to produce high and low frequency surface and body wave signals,
respectively. From these surveys, 2-dimensional P-wave velocity (Vp) smooth inversion tomograms and
one-dimensional shear wave velocity (Vs) profiles were constructed with the following conclusions: 

High frequency Vp results suggest that the kivas are 2-2.5 meters deep. The lack of reflectivity
suggests unstructured fill.

Vs models indicate that adobe room block walls contain soft soils consistent with artificial fill (150-
170 m/s). We note a transition to faster Vs (~300 m/s) materials at 2-3 meters depth, consistent
with native, stiff soils.

Evidence for a notable water table decline (7 meters) since 2004 was unearthed. 

A seismic reflection model (upper plot) in combination with an inverted 2-D ERT model along a profile,
which transects the Pueblo, were used to understand the variation of the water table since previous
measurements in 2009. 
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Valles Caldera National Preserve

The Valles Caldera lies within the Jemez Mountains along the western edge of the Rio Grande Rift, New
Mexico, USA. Activity since the last caldera-forming eruption at 1.2 Ma includes a resurgent dome, a ring
of time-progressive rhyolite domes, eruptive activity at 70 ky in the south caldera, and abundant hydro-
thermal activity. At least three Pleistocene lakes formed within intra-caldera valleys through damming of
drainages by volcanic flows. Since 2017, SAGE conducted several geophysical surveys to investigate the
structure, activity and hydrology of the Valles Caldera:

Magnetotelluric measurements within the caldera suggest up to 1 km of debris flow deposits
atop Bandelier tuff, rift-fill and pre-rift sedimentary units. Precambrian basement is estimated
at 4 km depth, while a middle-crustal conductor at 15-20 km depth, ubiquitous beneath the
Rio Grande Rift, does not appear to shallow beneath the caldera.

A nodal seismic experiment within Valle Grande, the southernmost intra-caldera valley, was
carried out to map basin structure as well as look for seismicity within the notably aseismic
caldera. Horizontal-to-vertical spectral ratios indicate 400-800 m of unconsolidated sedimenta-
ry fill.

Transient electromagnetic (TEM) data, acquired coincident with the nodal-seismic array, were
used to image a conductive (clay) horizon at 2560-2580 m elevation that is remarkably uni -
form throughout Valle Grande and nowhere exceeds 100 m thickness. An underlying resistive
unit thickens to 500+ m in the basin center. These models are consistent with drill holes near
in the valley that intercept 80-90 m of lacustrine mud and silt atop 250+ m of pumiceous
sand and gravel. Along the northern edge of the valley, resistive rhyolite flows from a nearby
rhyolite vent are imaged extending beneath the basin sediments. TEM soundings in valleys of
the northern caldera reveal conductive clay horizons at lower elevation, suggestive of an older
lakebed. Considerable variability in the resistivity models within the northern valleys refutes
models suggesting a common Pleistocene history.


