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1.0  Abstract

The Center for Geophysical Investigation of the Shallow Subsurface (CGISS) at Boise
State University (BSU) conducted geophysical studies in Birch Creek Valley near the northern
boundary of the Idaho National Engineering and Environmental Laboratory (INEEL) as part of the
Idaho Universities Consortium research effort to support and advance technologies to remediate
the volatile organic contaminant plume in the Snake River Plain (SRP) aquifer at the Test Area
North (TAN) site. CGISS reviewed existing gravity and aeromagnetic data, and removed the re-
gional component from these data sets. Filtered complete Bouguer gravity data (i.e., influence of
the SRP removed with a low-cut filter) provide information on the relative depth of basin fill along
basin segments between ranges. These data suggest southern Birch Creek Valley contains a rela-
tively shallow basin (a few hundred meters depth to bedrock) that is subdivided into local sub-ba-
sins along the axial trend of the valley. The relative depths of the sub-basins in southern Birch
Creek Valley are anomalously shallow compared to nearby basins (i.e, central Birch Creek Valley;
Little Lost River Valley). Anomalies in total field aeromagnetic data are strongest on the SRP and
spatially correlate with near-surface basalt flows. CGISS also conducted seismic noise tests and
short seismic profile lines that indicate: (1) shallow caliche greatly limits the ability to image bed-
rock and reflectors within the sedimentary fill, especially with a hitch-mounted weight-drop
source; and (2) depth to a hard rock interface ranges from less than 20 m to greater than 200 m, and
does not deepen systematically from southwest to northeast across southern Birch Creek Valley.
Reflections were observed from a hard-rock interface (perhaps bedrock) and from the water table
(confirmed by drilling). No intra-basin reflections were observed on the seismic records. This may
mean that a relatively homogeneous package of gravels dominates the basin fill or that recording
conditions (such as the shallow caliche) were inadequate for proper imaging. Seismic reflection re-
sults at the northern edge of the INEEL are consistent with the presence of near-surface basalt(s),
perhaps related to Lava Ridge.

2.0  Introduction

The Center for Geophysical Investigation of the Shallow Subsurface (CGISS) at Boise
State University (BSU) is investigating the southern Birch Creek Valley region near the northern
boundary of the Idaho National Engineering and Environmental Laboratory (INEEL). This effort
is part of the Idaho Universities Consortium program to contribute to the remediation of the organic
contaminant plume in groundwater at the Test Area North (TAN) site. In particular, CGISS is using
geophysical methods to provide control on the structure and stratigraphy of the subsurface at the
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transition from Birch Creek Valley to the Snake River Plain (SRP) immediately upgradient from
the contaminant plume.

Several significant features that influence hydrogeologic conditions in the TAN area (So-
renson et al., 1996) are; (1) the anomalously low hydraulic gradient in the area between TAN and
Birch Creek Valley (Figure 1); (2) the geometry and hydrology of the Birch Creek groundwater
flux boundary to the SRP aquifer; (3) the anomalous orientation of the TAN organic contaminant
plume with respect to the regional hydraulic gradient; and (4) the contribution of different water
chemistries from underflows from Birch Creek Valley and the SRP north of the INEEL (e.g., Rob-
ertson et al., 1974) to microbiological communities in and possible bioremediation of the TAN or-
ganic contaminant plume. Better control on the structure and stratigraphy of the subsurface at the
transition from Birch Creek Valley to the SRP immediately upgradient from the contaminant
plume will help with modeling and design of remediation technologies at TAN. Sorenson et al.
(1996) recently reviewed the state of understanding of the hydrogeologic system in the TAN area
and factors which need to be evaluated for model development and effective remediation design.
They noted that recharge from alluvial aquifers in the valleys adjacent to the SRP can have a pro-
nounced effect on SRP aquifer levels in wet years, and that considering the low gradient at TAN,
such fluctuations or trends can have a significant effect on remediation activities at TAN.

Objectives achieved during the 1996-1997 project year were (1) compilation and review of
existing gravity, magnetic and seismic data for the region including the lower Lemhi Range, the
lower Beaverhead Range and southern Birch Creek Valley (Figure 1), and (2) acquisition of seis-
mic noise tests and a short seismic line in lower Birch Creek Valley. In addition, preliminary efforts
were initiated to conduct seismic reflection experiments on the INEEL to provide subsurface in-
formation closer to the plume where thin basalt flow(s) are present in the subsurface but may be
minor in the upper portion of the stratigraphic sequence.

3.0  Previous Investigations

Previously published geophysical studies focusing on Birch Creek Valley are very limited,
although there are a number of more regional studies. Gravity and magnetic maps for the state (Mc-
Cafferty et al., 1990; Mabey, 1982) and the INEEL region (Hadley and Cavit, 1984) have demon-
strated the value of these data for mapping general basin structures and the extent of basalt flows
related to the SRP. Previous seismic studies have focused on the crustal structure of the SRP (e.g.
Sparlin et al., 1982; Elbring, 1984; Pankratz and Ackermann, 1982) and local near-surface features
such as the thickness of surficial sediments and basin structures (e.g. Hadley and Cavit, 1984; Mill-
er et al., 1988).

Birch Creek Valley is a northwest-trending extensional basin with interpreted basin-bound-
ing faults (Beaverhead fault) along the northeastern basin margin (e.g. Kuntz et al., 1994). To the
northeast are the Beaverhead Mountains and to the southwest is the Lemhi Range (Figure 1). Six
major segments of the Beaverhead fault have been identified (Crone and Haller, 1991), with the
25-km Blue Dome segment extending along southern Birch Creek Valley. Southwest-dipping,
sub-parallel intrabasinal normal faults offset Tertiary sediments and perhaps separate fault seg-
ments at the northern end of southern Birch Creek Valley (Rodgers and Anders, 1990). The latest
movement on the Blue Dome fault segment is interpreted to be Pleistocene in age (older than 15
Ka) with a low Quaternary slip rate compared to adjacent segments (Crone and Haller, 1991).
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There are no fault scarps along the alluvial fans on the northeast range front and Paleozoic rocks
outcrop on both sides of the interpreted Blue Dome segment. This may suggest the presence of
multiple fault strands along the Blue Dome segment (Crone and Haller, 1991). There is less topo-
graphic relief along the Blue Dome segment of Birch Creek Valley (less than 1000 m) compared
to adjacent basins and northern and central Birch Creek Valley, where more than 1500 m of relief

Figure 1. Location map for the study area. The three seismic test sites are labeled as well as the location of the Test
Area North (TAN) facility. Figure modified from Robertson et al. (1974).
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is observed.

Cenozoic extension in the region began during Eocene time, coincident with the onset of
Challis volcanism (~50 Ma). This extensional history continues to the present day, although exten-
sion directions did not remain constant during the past 40 Ma. The extensional history has pro-
duced mountain ranges that are faulted into complex horsts and grabens (Janecke, 1992). Faulting
in Quaternary-to-Recent time has occurred primarily along range fronts of tilted blocks which are
rotated to the northeast. Recent movement along the central portion of the Lost River Range (Borah
Peak earthquake, 1983) was largely normal with a minor amount of lateral offset (Crone and Ma-
chette, 1984). This may be typical of faulting events in both the Lemhi and Beaverhead fault zones.

The oldest rocks exposed in the area are complexly folded Mississippian to Early Permian
marine sedimentary rocks (Skipp et al., 1979). These rocks form the prominent northwest-trending
linear mountain ranges which bound Birch Creek Valley. Much of the exposed coarse-grained sed-
iment in Birch Creek basin is late Pleistocene gravel deposited during the late Pinedale glacial pe-
riod (Pierce and Scott, 1982). Alluvial fans, which drape the sides of the valley, are also relics of
that time since present-day stream flows are insufficient to transport these sediments. At the north-
ern end of the southern Birch Creek Valley (Blue Dome) the underlying sedimentary rocks are up-
lifted and exposed. Interbedded Neogene conglomerates, fresh-water limestones, basalt, and
rhyolite overlie the Paleozoic bedrock (Rodgers and Anders, 1990).

The broad SRP lays in stark contrast to the rugged mountain ranges and basins to its north-
west and north. The eastern SRP is a northeast trending belt of volcanic rocks containing Miocene
and Pliocene age rhyolite calderas and 2-10 Ma basalt vents along the track of the Yellowstone hot
spot. Regional extension is parallel to the axis of the SRP and this extension is imprinted on the
pattern of volcanic vents and cones. The orientation of major rift zones within the plain are parallel
with the trends of adjacent basins and ranges (Kuntz, 1978; Kuntz et al., 1992). Modeling of seis-
mic refraction and other geophysical data (Sparlin et al., 1982; Pankratz and Ackermann, 1982;
Young and Lucas, 1988) suggests that the northwest margin of the SRP is a fault-bounded margin.
Kuntz et al. (1994) have also mapped northeast-trending faults paralleling the eastern SRP margin,
but suggest these faults may be related to caldera boundaries and not extension (Kuntz et al., 1992).
Also, McQuarrie and Rodgers (1996) present evidence for a downwarping of Basin and Range
crust 20 degrees toward the SRP within 20 km of the northern margin of the eastern SRP.

Surface water flows from present-day Birch Creek and the Big and Little Lost Rivers infil-
trate into the SRP and rarely reach the playas in depressions at the northern edge of the plain (partly
due to irrigation diversions). Fluvial sediments within the plain have been derived from these
drainages for at least the past 580,000 years (Reed, 1994). Sediments recovered from exploration
holes suggest that the sediment source for the region near the TAN has been from the Birch Creek
drainage basin during that period (Bartholomay and Knobel, 1989).

4.0  Geophysical Data

4.1  Complete Bouger Gravity

The gravity data used in this investigation were taken from McCafferty et al. (1990). These
authors compiled and processed data from a number of local surveys. The processing included pro-
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jecting the data onto a 2 km regular grid using a minimum curvature interpolation technique, and
a Bouguer correction using a density of 2.67 g/cm3. Terrain corrections were applied for each sta-
tion. The complete Bouguer gravity data from the INEEL region are displayed on Figure 2 with a
colormap to represent the Bouguer gravity values. Red colors represent regions of high relative
density and blue colors represent regions of low relative density. To emphasize variations in the
mid-range of the gravity scale, very high and very low anomaly values were given the end-member
red and blue colors respectively. Between the end-member colors, the scale is linear. A similar map
is presented as Appendix A with geologic contacts from Kuntz et al. (1994) superimposed.

The unfiltered data in Figure 2 show the characteristic Bouguer gravity high (red) associ-
ated with the SRP, the lows (blue) associated with sedimentary basins, and the intermediate values
(yellow) associated with Paleozoic rocks in the ranges northwest of the SRP. Note that the gravity
signature of Birch Creek Valley varies considerably along the axial trend of the basin. In the north-
ern and central portion of the valley, a large gravity low is observed. This implies a large density
contrast between the basin fill and the ranges, and/or a relatively deep basin in the central and
northern part of Birch Creek Valley. The southern portion of Birch Creek Valley (south of Blue
Dome) shows much less difference between the gravity response of the basin compared to that of
the adjacent ranges. This likely suggests southern Birch Creek Valley contains a much more shal-
low basin fill sequence than central and northern Birch Creek Valley, but a portion of this raw grav-
ity response may be attributable to the regional effect of the denser crust in the nearby SRP.

To remove the regional trend caused by the SRP and to bring out local details in the gravity
field, the data from Figure 2 were input to a spatial filter. The filter (a finite impulse response 2-D
filter) was designed to attenuate the component of the gravity field with wavelengths greater than
60 km. The resulting data are shown in Figure 3 (Appendix B shows this map with geologic con-
tacts superimposed). We can see, from the filtered results, the shapes of local sedimentary basins
in the region (e.g., Little Lost River, Big Lost River, Mud Lake, and Birch Creek). Within southern
Birch Creek Valley, a local gravity low is observed near Peterson Canyon Road, the site of one of
the CGISS walkaway seismic tests in this study. Further north, near the Eightmile Canyon seismic
test, the gravity anomaly increases in magnitude, possibly indicating a shallower basement. This
suggests the presence of a local basin depocenter near the northwest corner of the northern INEEL
boundary. Whether this apparent graben-like anomaly is structurally controlled cannot be deter-
mined by the gravity data alone.

4.2   Magnetics

The total-field aeromagnetic data used in this investigation were taken from McCafferty et
al. (1990). Preprocessing included projecting the data onto a 0.5 km grid using a cubic spline in-
terpolation method and reducing the data to a constant datum. Figure 4 shows the gridded aero-
magnetic data from the INEEL region; Appendix C shows these aeromagnetic data with mapped
geologic contacts (from Kuntz et al., 1994) on the magnetic map.

Aeromagnetic data are more sensitive to near-surface geologic features than gravity data
because dipolar magnetic anomalies fall off with the cube of distance. The data in Figure 4 prima-
rily show the location of the near-surface basalt flows since these are magnetic compared to the
Paleozoic rocks and basin fill from the adjacent basins and ranges. The most notable features on
the aeromagnetic map are the strong contrasts in amplitude associated with basalts from the SRP.
Although individual basalt flows cannot be identified within the SRP due to overlapping signatures
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Spatially Filtered Complete Bouguer Gravity Map for the INEEL Region
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Figure 3. Spatially filtered Bouger gravity map for the INEEL region. Wavelengths greater than 60 km have been
removed. Note the better resolution of the basin structures compared to the unfiltered data (Figure 2). CGISS seis-
mic walkaway test sites from southern Birch Creek Valley are labeled with diamond shapes.
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Unfiltered Total-Field Aeromagnetic Map for the INEEL Region
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Figure 4. Total-field aeromagnetic map for the INEEL region. Regions of extreme fluxuations in the magnetic
field are typically associated with areas of thick basalt flows. CGISS seismic walkaway test sites from southern
Birch Creek Valley are labeled with diamond shapes
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generated from each flow, the regional pattern clearly shows the extent of the basalts associated
with the SRP. Northwest of the SRP, magnetic intensity is low and becomes much less variable.
Generally, basins with unconsolidated fill and ranges with Paleozoic sedimentary rocks cannot be
clearly differentiated with magnetic data because of the low contrasts in their magnetic signatures.
One method for investigating a regional magnetic trend is to apply a low-pass filter to the grid of
raw aeromagnetic data. However, we applied several low-pass filters, but did not find significantly
different magnetic trends compared to the unfiltered results.

5.0  Seismic Results

During August, 1996 we completed a series of seismic tests in southern Birch Creek Val-
ley, north of the INEEL. The location of the seismic tests is shown on Figures 1-4. The purpose of
these tests was to determine the optimal recording parameters for imaging the complicated volca-
nic and sedimentary stratigraphy in the area. We performed all of our tests with an accelerated
weight drop source (Elastic Wave Generator (EWG-I) from Bison Instruments) mounted to a pick-
up truck receiver hitch. Walkaway seismic tests were collected at four sites, and then we acquired
two short seismic reflection profiles oriented at high angles to the axis of Birch Creek Valley.

A seismic walkaway experiment is a test to determine if seismic reflections can be recorded
with various shot sources and a densely spaced spread of geophones. Recording parameters (ana-
log filters, sample rate, recording time) are conservatively estimated to determine the optimum set-
tings for a future seismic reflection profile. Once the raw data are collected, post-processing of the
field records helps to identify reflections and define the optimum station spacing, source type,
source size, source repetitions, and recording parameters for our 48-channel seismograph. Al-
though we had planned to try both the EWG and an explosive (kinestik) as the seismic source, we
were unable to use the explosive because of logistical problems.

5.1  Eightmile Canyon Road

The Eightmile Canyon walkaway experiment was centered approximately one mile east of
Birch Creek along Eightmile Canyon Road, west of state highway 28. The experiment spanned ap-
proximately 400 m both east and west of a 48-channel geophone array (1 m spacing between geo-
phones). The raw records (Figure 5) show little evidence for continuous coherent reflections
through the section. The dominant energy on the seismogram is associated with strong surface
waves. Within the “optimum window” of the walkaway data (Hunter et al., 1984) we see no obvi-
ous reflections with a characteristic hyperbolic shape.

Intercept times of the refractions or first break arrival data suggest that the depth to a high-
velocity layer (interpreted to be “bedrock” - Paleozoic rocks or Tertiary volcanic rocks) is less than
100 m. Four different velocity legs can be interpreted from these data and are summarized in Figure
5. These data suggest the presence of a very shallow refractor (less than 2 m depth), perhaps asso-
ciated with a caliche layer. Below this horizon, we have interpreted an additional transition zone
at approximately 25 m depth (~1950 m/s velocity), consistent with an estimated water-table depth
and velocity of underlying saturated sediments. We also interpret a bedrock refractor at approxi-
mately 97 m depth, with an approximate velocity of 3200 m/s, consistent with weathered basalt
from the region (Pankratz and Ackermann, 1982). The depth to the last two horizons may be an
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Unfiltered Complete Bouguer Gravity Map for the INEEL Region
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Figure 2. Regional complete Bouguer gravity map for the INEEL region (extracted from McCafferty et al.,
1990). Note the strong contrast between the Snake River Plain and the Basin and Range structures north of the
INEEL. CGISS seismic walkaway test sites from southern Birch Creek Valley are labeled with diamond shapes.
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overestimate if a high velocity layer (i.e., caliche) is abnormally thick above a lower velocity zone
(unconsolidated sediments) in the near surface.

The depth to the “bedrock” refractor is supported by reflection results seen after filtering
the raw walkaway test records (Figure 6). After applying a 30-120 Hz spectral balancing filter to
the raw data (to balance all energy within this bandwidth), we can interpret a strong amplitude re-
flection package that was masked by noise on the raw records. We have fit a hyperbola to this re-
flector and calculated a root mean square (RMS) velocity of 1825 m/s. The zero offset two-way
travel time of this reflector (115 ms) suggests the presence of an interface at an approximate 104
m depth. This depth is consistent with the refraction results for the depth to bedrock.

5.2  Peterson Canyon Road

Two seismic walkaway tests were conducted along Peterson Canyon Road west of state
highway 28. The first test was located approximately 1 mile east of Birch Creek and the second
test was located approximately 1/2 mile west of Birch Creek. The creek was dry due to diversion
for irrigation. The two walkaway tests produced similar results and will be discussed as one test.

Walkaway tests at this site (Figure 7) do not show a high velocity refractor out to the offsets
acquired (400 m offset), as was noted on the Eightmile Canyon tests. We picked three layers from
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the gathers, but the velocities associated with the second and third layers are not very different, sug-
gesting a gradual increase in velocity with depth, as opposed to a strong, clearly defined velocity
contrast. This velocity gradient is characteristic of a sedimentary basin, with increase in velocity
with depth attributed to sediment compaction and cementation (Sheriff and Geldart, 1983). The
depth to bedrock is greater than 100 m (increased offsets and a larger source would be needed to
image bedrock at this site).

Again, the surface waves are strong in these data, possibly due to caliche in the upper 2 m
of the section (based on attempts to drill along this road). The high-velocity surface waves infiltrate
the “optimum window” reflection section, limiting the reflection data. With a 30-120 Hz spectral
whitening filter, reflectors with RMS velocities consistent with basin fill sediments (Sheriff and
Geldart, 1983) do appear in the section (Figure 8), but the signal-to-noise ratio is low. Different
source and acquisition parameters may be needed to adequately image the section with reflection
techniques.

5.3  Reno Point Road

The Reno Point walkaway test was acquired along a northeast-trending road on the north-
ern edge of the INEEL. The profile was acquired west of state highway 28, approximately 1 mile
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east of Birch Creek (which was dry due to water diversion to the north). We expected to image ba-
salt at shallow depths at this location due to basalt outcrops at Lava Ridge to the south and the re-
sults of the gravity and magnetic maps discussed above. Results from the walkaway experiment
(Figure 9) show a high velocity refractor (~2900 m/s) at approximately 18 m depth at the site. This
velocity is consistent with the velocity of weathered basalt (Pankratz and Ackermann, 1982). Due
to poor signal-to-noise ratio in the raw records, we could not confidently pick first breaks beyond
120 m offset. The results of filtering these data show no evidence for the presence of strong reflec-
tions at depths within range of this experiment, possibly due to an inadequate source and/or the
presence of basalts in the near surface.

6.0  Conclusions

Complete Bouguer gravity data with the regional component removed (wavelengths > 60
km) may be interpreted in terms of basin dimensions and relative depth to bedrock. In particular,
depth to bedrock appears to be relatively shallow in the southern segment of the Birch Creek Valley

Figure 7. Walkaway seismic test results from Peterson Canyon Road east of Birch Creek. Apparent refractor
velocities are superimposed on the first breaks. The depth model is derived from the first break picks and refrac-
tor crossover distances.
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between the Lemhi and Beaverhead Ranges. Anomalies in total-field aeromagnetic data are asso-
ciated with near-surface basalt flows in the SRP, but do not contribute to our understanding of the
geometry of structures in the Basin and Range province northwest and north of the SRP. Results
from seismic noise tests and short profile lines in three regions of southern Birch Creek Valley are
consistent with relatively shallow depth to bedrock interpreted with the gravity analysis. The re-
sults from seismic tests further suggest that southern Birch Creek Valley is not a simple northeast
tilted half-graben basin. Drilling through the shallow caliche and use of a stronger source than the
EWG-I weight drop used for this study are needed for acquisition of seismic reflection or seismic
refraction data to provide a better image for the sediment fill, to reach bedrock in southern Birch
Creek Valley, and to experiment with imaging through shallow, thin basalt within the sediment fill.

7.0  Recommendations

1. Off the INEEL site: (1) experiment with drilling through caliche and coarse cobbles to
emplace an explosive such as kinestik (stronger source than EWG); (2) conduct noise tests to

Figure 8. Filtered walkaway gather from Figure 7. Note the presence of reflections that correlate to intra-basin
contrasts in the sedimentary fill.
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determine acquisition parameters for seismic reflection data in southern Birch Creek Valley
using an explosive as a source; and (3) complete a seismic reflection profile to image the basin
fill and the bedrock reflector in a cross-section of the Birch Creek Valley.

2. On the INEEL site, conduct seismic reflection experiments using an explosive emplaced in
shallow drill holes to: (1) better define subsurface geologic units and bedrock geometry at the
transition from Basin and Range to the SRP; and (2) investigate the feasibility of seismic
imaging below shallow, thin basalt flow(s) in the sediments between TAN and the northern
boundary of the INEEL. If facies can be recognized in the sedimentary fill based on seismic
reflection patterns (e.g., Barrash and Dougherty, 1995; Liberty, 1996), then relative hydraulic
conductivity values may be estimated, based on depositional models for fault-bounded basins
(e.g., McClosky and Finnemore, 1996; Leeder and Gawthorpe, 1987).

3. Examine locations of magnetic and gravity anomalies on the INEEL in conjunction with sur-
face and near-surface geologic data (e.g., Anderson, 1991; Anderson and Bowers, 1995;
Kuntz et al., 1994) to explain or develop hypotheses for the anomalies.

4. Install monitoring well(s) in southern Birch Creek Valley to record water levels immediately
upgradient from the SRP aquifer. Analyze these water level data in conjunction with water
levels in the low-gradient region of the SRP aquifer at and between TAN and Birch Creek Val-
ley (Figure 1), and with flows in and diversions from Birch Creek to quantify the boundary
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flux behavior and influence on the SRP. Also, lithologic data from the well(s) will provide cal-
ibration for subsurface lithologic and seismic stratigraphy.
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Spatially Filtered Complete Bouguer Gravity Map for the INEEL Region
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Appendix B. Spatially filtered Bouger gravity map for the INEEL region. Wavelengths greater than 60 km have
been removed. Geologic contacts from Kuntz et al. (1994) are superimposed.
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Unfiltered Complete Bouguer Gravity Map for the INEEL Region
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Appendix A. Unfiltered complete Bouguer gravity map for the INEEL region (extracted from McCafferty et al.,
1990) with geologic contacts superimposed from Kuntz et al. (1994). Note the strong contrast between the Snake
River Plain and Basin and Range topography to the north of the INEEL.
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Unfiltered Total-Field Aeromagnetic Map for the INEEL Region
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Appendix C. Aeromagnetic map for the INEEL region with geologic contacts superimposed from Kuntz et al.
(1994). The raw data are gridded at 0.5 km spacing and values are interpolated for a smooth grid appearance.
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