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Course Summary and Goals

A survey of applied geophysical methods, with particular attention to shallow subsurface investigations.  Topics include gravity, magnetics, electrical and electromagnetic techniques, and seismology and ground penetrating radar.  Practical experience with data acquisition, reduction, and interpretation.
Notes:
(1) Please arrive to class on time.  If you are late, please come in quietly with your writing materials ready, i.e., please do not be rummaging through backpacks and bags for paper and pens.

(2) Beverages and snacks are allowed in class, but obviously be careful not to spill anything.

(3) Please turn off all personal communication devices.  If you need to use one during class, please leave the room as not to create any unnecessary distraction.

(4) Although I have stated office hours, many simple questions are more easily answered via email or in class.

(5) Following exams, you should: (a) check the addition of marks; and (b) check with the posted answers (likely next to my office or on Blackboard).

(6) Make-up exams are highly discouraged.  If a missed exam is due to illness, a proper medical note is required.  If an exam is missed, a make-up can be done within one week of the exam date, or the grade weight can be assigned to the next exam, i.e., if mid-term one is missed, mid-term two would be worth 40% of the term mark.
(7) *** Numerical grades are converted to letter grades according to the following table:

A = 100 – 87

A- = 86.9 – 80



B+ = 79.9 – 77
B = 76.9 – 74

B- = 73.9 – 70



C+ = 69.9 – 67
C = 66.9 – 64

C- = 63.9 – 60



D+ = 59.9 – 57
D = 56.9 – 50

F = <50

(8) Any increases to final grades to ensure the class average corresponds to the University’s expectation may be done on a bell curve or by wholesale increases such that no one benefits greater than any other does.  However, in no situation will marks be decreased.

(9) Academic freedom allows persons to express their own ideas through voice or writing.  These ideas may include other people’s work as references or examples, however, being the ideas of other people, proper reference or credit must be given.  Failure to cite other people’s work or direct abuse of using other people’s work improperly (plagiarism) may result in retribution, possibly including loss of marks, failure of the course, or expulsion from the University (James Madison honor system).
Tentative Schedule
Overview – Why study geophysics?  Solid earth vs. applied geophysics, natural vs. artificial sources, connecting physics with geology, a preview of the methods to be employed: gravity, magnetics, electrical and electromagnetic methods, seismology, ground penetrating radar.

Fourier and other statistics, sampling methods, dealing with data.

Gravity – densities of minerals and rocks, basic calculation of gravity field of simple bodies, Earth’s gravity field (mass, shape, rotation effects), means of measuring gravity, modern instrumentation, the necessary corrections.
Magnetics – induced and remnant magnetization, the magnetic properties of minerals and rocks, the Curie point and Koenigsberger ratios, the magnetic dipole and calculation of magnetic anomalies, the Earth’s field (strength, inclination and declination).
Introduction to Electrical Methods – electricity and Ohm’s Law, conductivity of minerals and rocks, fluid conductivity, Archie’s Law and saturation effects, the natural world.
“DC” Resistivity – potential about a point source on the surface, apparent resistivity, survey arrays, means of sounding and profiling, reciprocity, resistivity modelling in 1, 2 and 3 dimensions.

Induced Polarization (IP) – Frequency dependent resistivity, electrode polarization and membrane polarization, minerals associated with each, IP as different resistivities, measuring techniques, frequency domain, time domain, phase, their units and equivalents.

Electromagnetics: MT & CSAMT induction methods – plane waves, natural and artificial, skin depth and Cagniard sounding curves, TE and TM modes and 2- and 3-D effects, a brief look at the physics of electromagnetic induction, mutual inductance and the conductivity-thickness product, anomaly hunting for fun and profit, with basic interpretation.

Wave Theory – how waves differ from fields and why we care, types of waves, propagation, reflection, refraction, interference and dispersion, the appeal of the “seismic section” and its perils.
Ground Penetrating Radar (GPR) – velocity and attenuation, practical applications, resolution, and limitations, contemporary equipment

Seismic Methods – refraction and reflection methods, physical properties that control velocity and acoustic impedance, data acquisition and processing on large and small scales
