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SAGE 2010 Geophysics Highlights

Introduction: SAGE 2010 was the 28th year of the SAGE program. Twenty-six students (17
undergraduate and 9 graduate students) participated in SAGE 2010 in the Rio Grande rift area of New
Mexico. Geophysical field work (2 days of near-surface geophysics at an archeological site and 5 days
of basin-scale geophysics near the eastern edge of the Santo Domingo basin) provided significant new
seismic refraction and reflection, electromagnetic, ground penetrating radar, magnetic and gravity data.
All students gained experience with the theory and principles of applied geophysical techniques and
with all of the geophysics field equipment and methods as well as surveying for accurate gravity
station locations using differential GPS. SAGE 2010 also included three days of geology field trips,
one day of seismic basin analysis (a short course presented by Orla McLaughlin and Ben Sanderson of
ExxonMobil) and five days of data processing, modeling, interpretation, and written and oral report
preparation. The last two days of the program were devoted to student presentations of their research
results. Each student selected at least one geophysical technique and data set for a research project.
The students were also organized into teams (each of the five teams included the various geophysical
methods) and presented their individual and integrated interpretations of the SAGE 2010 data.
Highlights of some of the SAGE 2010 data and interpretations are shown below.
CMP Seismic Reflection Profile: Common Midpoint (CMP) seismic reflection data were collected
along an approximately east-west profile (Figure 1) near the eastern boundary of the Santo Domingo
basin in the Rio Grande rift of New Mexico. The data were collected using a vibroseis source
(vibroseis truck provided by INOVA) with an 8-80 Hz sweep at Vibrator Points (VP) spaced at 20 m
along the profile. The recording equipment consisted of eighty 10 Hz, 3-component geophones
connected by cables and digital telemetry along a communications cable to a recording truck. Data
were recorded on an ARAM (division of INOVA) digital recording system. The profile began just
west of the La Bajada fault (Figure 1) and refraction and near-vertical and wide-angle reflection data
were recorded by vibrating into the active array in both directions.

Figure 1. Map of SAGE 2010 field area showing the location of the seismic reflection and refraction
profile.
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Nine SAGE 2010 students focused on seismic data for processing and interpretation. CMP reflection
processing was performed using the SPW (Seismic Processing Workshop, Parallel Geosciences)
processing software. The processing included assigning geometry, merging shot gathers, trace kills,
notch and bandpass filtering, deconvolution, velocity analysis, CMP sorting, muting, NMO correction
and CMP stacking. Reprocessing with improved velocity models was also accomplished by students
attending the SAGE one-week follow-up workshop held in San Diego (San Diego State University) in
January, 2011. The reprocessed record section is shown in Figure 2. Reflections from a thick section
of east-dipping sedimentary layers are well-imaged the section. Wide-angle data collection and
recording with VPs both east and west of the active 80-channel array allowed the imaging of
reflections from the La Bajada fault plane indicated by the steep, west-dipping reflections on the
eastern part of the record section. This section is not migrated; however, our preliminary analysis of
migration of this fault plane reflection and taking into account that our profile (near the eastern end) is
not perpendicular to the fault, indicates that the true dip of the fault is close to 60 degrees. Another
observation from the reflection record section is that the shallow sedimentary layers dip into the fault
and thicken toward the fault, indicating that the fault was active during the time of deposition of these
units. We have recorded other reflection profiles over the La Bajada fault and also have some industry
record sections that cross this fault, so we now have a very good understanding of this fault which has
up to 3000 meters of throw. During SAGE 2011, we will work to the west of the 2010 profile and
expect to cross the San Francisco fault that also shows a down to the west offset and deepening of the
Santo Domingo basin to the west. This conclusion is supported by the updated SAGE gravity map
discussed below.

Figure 2. SAGE 2010 west-to-east CMP processed and stacked seismic reflection record section.
Seismic data were recorded at a 20 m group interval from a vibroseis source with a sweep of 8-80 Hz.
Seismogams plotted as a function of depth (conversion from two-way-time using derived velocity
model).
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Gravity Data Collection and Interpretation: Over 150 gravity readings were collected during SAGE
2010. Locations of gravity stations were determined from differential GPS measurements. The 2010
data were combined with previous SAGE gravity data and stations from the U.S. Geological Survey,
the Department of Defense and the New Mexico Bureau of Mines to produce the complete Bouguer
anomaly contour map shown in Figure 3. Gravity modeling, with control from surface geology,
sedimentary unit structure and fault offsets from seismic profiles has been very useful in determining
depth to basement (at least 3 km) in the Santo Domingo basin and other areas of the Rio Grande rift in
the study area.

Figure 3. Complete Bouguer gravity map of the Santo Domingo basin area. Contour interval is 1
mGal. Thin white lines are faults. Bold red lines are seismic profiles. The SAGE 2010 seismic
reflection profile is the second bold red line from the top.

Electromagnetic Data Collection and Interpretation: All 26 students in the SAGE class of 2010
participated in field work learning principles and operation of seismic, gravity, ground penetrating
radar, and several electromagnetic (EM) techniques. Four students worked on processing and
interpreting transient electromagnetic (TEM) data, and five on magnetotelluric (MT) and
audiomagnetotellurics (AMT) data. TEM data were acquired along two lines to the north and south of
the seismic profile, AMT data were along a profile line to the north of the seismic line, and four deep-
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sounding MT station were established across the larger survey area. The AMT & TEM data were
generally of high quality but the profiles crossed some power lines so in addition to processing,
inverting and interpreting data were analyzed for the real-world problem of distortion due to cultural
noise. The TEM data were modeled (Figure 4) with two one-dimensional inversion software packages
giving them the opportunity to compare various processes and results. The data were used to image
stratigraphy of the top 100-200 m of the subsurface. The AMT data were processed using one and
two-dimensional inversion routines to image the sediments and structure to ~500m. The TEM and
AMT models were used to estimate the regional hydrogeology from resistivity models and borehole
data. Several students concentrated on understanding and exploring the many parameters associated
with inversion of both the TEM & AMT data, thereby quantifying their confidence in the interpreted
model. One-dimensional inversion of MT data revealed information to depths of tens of kilometers,
and was well correlated with the more shallow models from the AMT data. During the January
workshop six students worked together to evaluate MT data, acquired in previous years at SAGE, in
terms of geothermal potential in the Rio Grande Rift, and recommended sites for study in SAGE 2011.

Figure 4. Two-dimensional resistivity depth section derived from TEM data showing variations in the
sediments and a pronounced conductor at depth to the west, indicative of clay-rich sediments and/or
briny water.
Four high-quality, broad-band (0.01 to 1000 s period range) magnetotelluric (MT) soundings (apparent
resistivity versus period) were recorded in the Santo Domingo Basin during the SAGE 2010 field
program. The data were interpreted by SAGE students and combined with MT data from previous
SAGE programs and presented at the 2010 American Geophysical Fall Meeting in San Francisco in
December 2010: Strader, A. E., C. L. Martin, T. Thomas, P. Bedrosian, L. Pellerin, and G. Jiracek,
“SAGE 2010 Magnetotelluric Soundings Provide New Constraints on Rio Grande Rift Mid-Crustal
Conductor.”
The high quality of the SAGE 2010 MT soundings, as illustrated in Figure 5, allowed inverse modeling
that yielded the depth to a mid-crustal conductor (MC) of ~20 km and a depth to electrically resistive
basement (presumably Paleozoic limestone and Precambrian granite) of ~2.2 km. Depth to low
permeability basement is a an important consideration for exploitation of possible enhanced
geothermal systems. The MC is likely caused by aqueous brine overlying a partial melt zone. Its
depth is thought to be a proxy for the 500oC isotherm which is shallower under the Rio Grande rift
compared to surrounding geologic terranes, reflecting the rift’s higher geothermal potential.
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Figure 5. Magnetotelluric (MT) sounding of apparent resistivity versus period recorded during SAGE
2010 in the Santo Domingo Basin. TE and TM indicate transverse electric and transverse magnetic
MT modes, respectively. Arrow indicates portion of TE sounding data where midcrustal conductor
(MC) is detected at ~20 km depth.

SAGE 2010 Abstracts of Poster Presentations at the Fall 2010 AGU Meeting:
PDFs of the posters can be downloaded from the following links:
http://web.ics.purdue.edu/~braile/sage/SAGEAGU2010.Baldridge.et.al.pdf
http://web.ics.purdue.edu/~braile/sage/SAGEAGU2010.Strader.et.al.pdf
Abstracts of these presentations are shown below:
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