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I ntroduction

The Albuquerque-Santa Fe region is rgpidly growing. The Santa Fe Group aguifer in the Middle Rio
Grande Basin (MRGB) isthe main source of municipa weter for the greater Albuquerque metropolitan area and
is more limited than previoudy thought (Thorn et d., 1993). The MRGB, as defined hydrologicaly and used
here, is the area within the Rio Grande Vdley extending from Cochiti Dam downstream to the community of
San Acacia (Figure 1). Because approximately 600,000 people (40 percent of the population of New
Mexico) live in the study area (Bartolino, 1999), water shortfalls could have serious consequences for the State.
Future growth and land management in the region depends on accurate assessment and protection of the
region’s groundwater resources. An important issue in understanding the ground water resources is a better
undergtanding of the hydrogeology of the Santa Fe Group, the sedimentary depogts that fill the Rio Grande rift
and contain the principa groundweter aquifers.

The U. S. Geologicd Survey (USGS) is presently doing a series of studies of the MRGB in north
centra New Mexico. One objective of these studiesis to improve the hydrogeologic models of the Middle Rio
Grande s0 as to hep land managers plan and develop water supplies. These studies involve a multi-disciplinary
approach to better understand the critical aquifers in the intracontinental rift environment. Detailed geologic
mapping, high-resolution arborne magnetic surveys, lithologic and geophysicd logging of wdls, surface-based
electrical and magnetic surveys, enhanced satellite imagery, as wel as hydrologic and hydrogeochemica data
are being used to refine undergtanding of the aguifer systems in the MRGB (Cole et d., 1999). An arborne
time domain eectromagnetic (TEM) survey was flown for the USGS as part of thiswork. The primary purpose
of the TEM survey was to map changes in eectricd resgtivity with depth thet are related to lithologic variations
important to the critica aguifers. This report presents preliminary results of an experimenta interpretation of the
arborne TEM survey. We begin with adescription of the airborne TEM survey and method. Then we discuss
the approach to our interpretation. Findly, we present maps of three-dimensond (3-D) didribution of
resgivity.

Fixed-Wing Time Domain Electromagnetic Survey

Electromagnetic (EM) methods are used to map the dectrical resstivity (or its inverse, dectricd
conductivity) of the subsurface (Palacky et d., 1991). Resdivities of sediments are primarily determined by
rock porosity, the eectrica resstivity of the pore substance, and the presence of certain eectrically conductive
mineras, such as clays (Kdler, 1987). Mapping resdivity variations can hep unravel complex geologicd
problems and identify areas of hidden potentidl.

Airborne TEM data over Cochiti Pueblo, Rio Puerco river, and an area near the town of Rio Rancho,
northwest of Albuquerque, New Mexico, were collected in February of 1997 by Geoterrex, Inc. on contract to
the USGS (Sawyer et d., 1998; Deszcz-Pan et d., 1998) to help delineste facies changes within the bagin fill
that may control local and regiona ground water flow and to help define the 3-D extent of the principd axia-
river-channd aguifer in the subsurface Santa Fe Group sediments. The Rio Rancho survey covered
approximately a 25 km x 40 km area (area A+B in Figure 1). The arcraft was flown at 120 m above ground
leve using 400-m flight-line spacing (Figure 2). Over urban areas, the flight height reached about 250 m above
ground level. The Cochiti Pueblo survey covered gpproximately a 15 km x 20 km area (Area D in Figure 1)
using 400-m flight line spacing approximately 120 m AGL. The Rio Puerco survey covered an “L” shaped area
that was roughly made up of a3 km x 20 km areaand a1l km x 3 km area (AreaC in Figure 1).
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In the GEOTEM system (operated by Geoterrex, see the contractor’s report, C-REPORT.PDFfilein
the REPORT folder), an antenna mounted on the airplane generates a pulsed EM signd. In the receiver towed
about 50 m below and 100 m behind the arplane, the arriving EM sgnd is recorded as a voltage at specific
times after each pulse (TEM response). The received signd is affected by many factors, but, ideally, the shape
and drength of the sgnd will reflect the resigtivity digtribution in the subsurface. Therefore, usng appropriate
agorithms, the measured voltages can be converted to the eectrica resdivity digtribution with depth. In
generd, adronger Sgnd indicates lower resistivity and aweeker Sgnd indicates higher resdtivity. Earlier arrivd
times provide information on shalower depths, and later arriva times provide information on deeper depths
(Palacky et dl., 1991).

Severd factors dictated the decison to use the arborne TEM method for this invedtigation. Firdt,
arborne methods efficiently provide sgnificant amounts of information over awide area. The spatid sampling of
the subsurface is determined by the line spacing (400 m for this survey) and by the sampling rate (about 10 to
15 m for this survey) dong the flight lines. Second, airborne TEM can be used to infer the genera distribution
of the dectrica resgtivity up to a depth of severa hundred meters from the surface, which is a greater
penetration depth than is available in frequency domain airborne EM methods. Third, the method can also be
goplied in difficult terrain that may not be accessble with ground-based methods. This was a sgnificant factor
on the extreme west side of the survey.

One drawback of the method is that cultural features affect the response of the TEM system. Fences,
pipdines, communication lines, railways and other man-made conductors can contaminate the responses. The
aress dffected by such cultura noise cannot be used for interpretation. The mgority of cultura anomaies can be
eadly identified, but sometimes the cultural noise response is very subtle and can be mistaken for the earth
response.  Cultura noise severdly affects portions of the Rio Rancho TEM data, especidly in the centrd and
southeastern part of the survey (Figure 3).

Discussion

The TEM survey objectives were based on the assumption that the axia-channd gravel deposts, which
are the main aguifers in the MRGB, will have a higher dectrica resdivity than surrounding finer-grained
materials (Hearst and Nelson, 1985). However, the resdivities obtained from TEM are only indirectly related
to the water content and the sediment grain Size a depth, and need to be corrdated with other geologic
information. The converson of recorded sgnd to resdivities is not unique and, as such, depends on the
agorithms used. Even though the method has been used for many years as a geophysicd prospecting toal, its
usein hydrogeologicad mapping isrecent. Thus, interpretive techniques to map subtle resstivity variations due to
facies changes are not yet fully developed. Inverson of raw airborne TEM datainto a credible interpretation of
grain sze facies requires numericaly robust computer modeling agorithms and corrélation of lithologic logs with
induction logs using bulk average resgtivities that are caculated from a moving average of the induction log
resgtivities (Figure 4), whose periodicity is based on afunction of the varying layer thickness with depth of the
TEM modd.

There were only three logged wells within Rio Rancho survey area (Figure 2) that satisfied the criteria
needed to make these corrdations (Cochiti Pueblo and Rio Puerco areas had no well logs that satisfied these
criteria), namely, 1) they were about 200 m horizontal distance to the nearest flight line, 2) they had an induction
resdivity log in the same depth range as the TEM survey, 3) they had a lithologic log dso in the same depth
range, and, 4) they were about 200 m horizontal distance from culturd noise (using a cutoff value of 10,000
microvolts) due to power lines, pipelines, or other man-made dectrical power sources. One-dimensond
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agorithms, developed and owned by BHP geophysica company, provided resdtivity inverson cross sections
that closely correlated with these well logs (Figure 4).

To make maps of resdtivity a any given subsurface eevation, we firs evduated how deep the TEM
inversions were reliable to, based on correlation with well logs and magnetotdluric (MT) soundings (Rodriguez
et d., 1999). The inverson results on this CDROM are povided by courtesy of BHP World mineras,
previoudy of Golden, Colorado, USA. BHP used two agorithmsto invert the data. The first dgorithm, written
by Guimin Liu, uses a horizonta thin sheet approximation to produce a conductivity depth image (CDI) of the
subsurface (Liu and Agen, 1993). This dgorithm proved useful in setting maximum reliable depths (Figure 5)
for the inversons generated by the second algorithm. The second algorithm used was a least-squaresinversion
program written by Robert Hlis, it produced resdivity layers of fixed thickness that varied with depth, but
remaned congtant dong the flight line (Ellis, 1998). The basement resigtivity was fixed a 50 ohm-m. The
inverson modd a larger depths is not physcdly vaid, because the thickness and basement were fixed.
However, by comparing resdivity models cdculated from MT soundings and bulk average resdivities
cdculated from induction logs with the inverson resdivity cross sections, we found that the maximum depth
provided by the CDI cross sections could be used as the maximum vaid depth limit for the least-squares
restivity inverson cross sections a any given point dong the flight line (Figure 6). This maximum CDI depth
gopears as a dashed line on the inverson cross section images found in the INV folders on this CDROM. A
comparison of MT soundings and one of the least-squares inversion cross sections (Figure 6 shows good
corrdaion except in some ingances near the maximum CDI depth limit and dso in the upper 50 to 100 m
where the least-squares inverson’s extrapolation to the surface generaly yiedds residtivities higher than the
shdlowest MT resdivities.

Usng the line-by-line interpretations found by the above procedures, plan maps of resgtivity were
generated over the survey area by combining the least-squares inversion cross sections into a 3D grid of
resdtivity. Resdivities below the maximum CDI depth limit were blanked. Horizontal dice-maps of resdivity,
a sdected 50 m devation intervals, were generated from the stitched 3D grid of resdivity least-squares
inverson cross sections (Figure 7), and are given in the Cochiti and Rio Rancho MAPS folders on this
CDROM. All blank areas on the eevation dice maps represent areas that were autsde the survey region,
elevations that were above the ground surface, or areas that were below the maximum depth obtained from the
CDI image at any given point dong the flight line. We did not use the CDI results to produce the devation dice
maps because the resistivities derived from the CDI agorithm generaly did not corrdate very well with the MT
soundings, especidly in the upper 50 to 100 m (Figures 5 and 6). For the Rio Rancho area, dl blank areasin
elevation dice maps below 1550 m above sealeve represent ether this cutoff depth limit or areas outside of the
survey area (see page 1 of the file RMAPS.PDF in the MAPS folder found in the RIORANCH folder). All
blank areas in eevation dice maps above 1700 m represent either elevations above the ground surface or areas
outsde of the survey area. For devation dice maps from 1550 m to 1700 m, only the southwest to northeast
trending blank area (the Rio Grande valley) in the east-central region of the map represents e evations above the
ground surface — dl other blank areas represent elther the cutoff depth limit or areas outside of the survey area.
For the Cochiti Pueblo areg, dl blank areas in eevation dice maps below 1600 m represent ether the cutoff
depth limit or areas outsde of the survey area (see page 1 of the file C-MAPS.PDF in the MAPS folder found
in the COCHITI folder). All blank areas in eevation dice maps above 1750 m represent either eevations
above the ground surface or areas outside of the survey area. For devation dice maps from 1600 m to 1750
m, only the blank area in the centra region of the map (the Rio Grande valey) represents eevations above the
ground surface — dl other blank areas represent elther the cutoff depth limit or areas outside of the survey area.



Conclusion

The residtivity inverson maps presented on this CDROM gppear to indicate that large 3-D variationsin
the inferred grain sze of the Santa Fe depost horizons occur over much of the northern Albuquerque area.
These geophysica results can be used to place spatid limits on coarse-grained aguifers, especidly the axia sand
and gravel depodits of the ancestrd Rio Grande.  For this reason, the resdtivity inversons on this CDROM in
the form of eevation dice maps and cross sections provide aframework for predicting hydrologic conditionsin
aress less explored by drilling. These resstivity maps potentidly can provide direct input to ground-water flow
models that are critical to water management agencies.
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would not infringe privately owned rights. Reference therein to any specific commercid product, process, or
sarvice by trade name, trademark, manufacturer, or otherwise does not congtitute or imply its endorsement,
recommendation, or favoring by the United Sates Government or any agency thereof.

Although dl data and software published on this CD have been used by the USGS, no warranty,
expressed or implied, is made by the USGS as to the accuracy of the data and related materias and (or) the
functioning of the software. The act of digtribution shal not congtitute any such warranty, and no responsibility is
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Figure 1. Airborne Time Domain Electromagnetic (TEM) index map in the
Middle Rio Grande basin, New Mexico. Modified from Bartolino (1999).
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Figure 2. Airborne Time Domain Electromagnetic flight line map, Rio Rancho, New Mexico. Solid circles are wells used in lithologic
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