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II-B. Seismic Surveys

Seismic surveys record acoustic echoes from sedimentary rock layers beneath the
surface. A seismic measurement involves injecting sound into the ground and recording
the energy that reflects back at different times and locations on the surface. Processed
seismic data can give information about subsurface geology, including rock types and
fault structures (our primary intended target). It can also be correlated with gravity
surveys to define more accurate velocity models which provide more accurate depth
estimates, which drill teams can be very picky about.

II-B-1. Deep Seismic Surveys

The source of energy for a deep seismic profile consists of two thirty-ton
Vibroseis trucks provided by geophysical contractors such as CGG Veritas or Western
GeCO. The trucks are moved to different known locations along a line, their weight is
raised onto large, square, metal plates, and the trucks are vibrated at a series of
frequencies (5-80 Hz) over a period of 5 seconds. This process is repeated ten times at
each location and the results added together to improve the reliability of the
measurements. The vibrations travel downward, reflect and refract off of major geologic
structure changes, and return to the surface. The returning vibrations are very weak, and
are picked up by receivers called geophones, which send the signal to a control center.
The signal from each geophone is a wavelet that is altered either by the geology it
traveled through, or by noise from a variety of external sources, including traffic, people
walking, bad connections, and even weather. At the control center, the signal is
processed in a special computer that carries out a calculation called “correlation.”
Correlation converts the signals obtained over a long period of time (5 seconds) into the
signal that would have been recorded if an explosive source was used. After correlation,
the external noise is suppressed, resulting in much cleaner recordings. [CSM GP FC
2008]

Due to this intensive processing and expensive equipment, deep seismic can
usually exceed the budget of most local communities and does not always provide the
best results. In highly mountainous regions, data is often further smeared by effects from
mountain slopes, deep large glacial tilled boulders and fluvial patterns which aren’t
always as horizontally continuous as anticipated.

II-B-2. Near Surface Seismic Surveys

The source for many of the near-surface seismic data acquisition techniques is a
large metal weight (approximately 120 lbs) that is dropped onto a metal plate. Although
much weaker than the 60,000 pound vibrator trucks, the weight produces excellent high
frequency waves which travel near the surface and give relatively good resolution. This
approach is used for imaging anything above about 500m depth. Unfortunately, the high
frequency wavelets, which can show small structures very clearly, cannot travel very
deep.
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II-C. Electrical Surveys

II-C-1. DC Resistivity

DC resistivity is a time-domain survey where a direct current is sent into the ground
through electrodes. The electrodes then record signals (in the form of voltage differences
between two electrodes) for an extended time period. It takes time for certain conductive
structures to respond to the current and for a signal to be recorded. There is a variety of
electrode setups that image varying depths and provide different information. Knowing
the input current and measured voltage difference, one can get information about
subsurface resistivity/conductivity and create an inverted model.

At the 2008 CSM Geophysics Field Camp, DC resistivity data was acquired and in
Figure III-C-1 below, it clearly shows groundwater level near Chalk Creek, on the
easternmost survey grid. It also possibly shows the fault structure that was also seen with
the self potential method. The data from DC resistivity was combined with information
from the self-potential survey, well logs, and ground penetrating radar to show where
groundwater is located and how it is moving.

Figure II-C-1 Resistivity Inversion of survey line at Mt. Princeton. The vertical dots
represent a suggested drill site for geothermal direct use based on this data and on
the self-potential data in the following section.

II-C-2. Self-Potential Surveys

Self-potential occurs on the earth surface naturally without inducing current into
the subsurface. The DC resistivity and Self-potential (SP) methods share the same
concepts. In both methods we measure the potential difference along two electrodes.
However, in the DC resistivity method we have to induce current in the subsurface,
which makes it different from the SP method. In the EM method we also induce current
in the subsurface. As a result, the measured values for the potential difference would be
increased in the DC resistivity method. Thus, the naturally occurring potentials would be
considered as noise in the DC resistivity method.
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