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View from the summit of Mount Elbert, looking into southwest Colorado. With an elevation of 14,440 feet, Mount Elbert is 
the highest peak in the Rocky Mountains of North America. Part of the Sawatch Range, a result of uplift during the Laramide 
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has shaped this mountain landscape leaving behind distinctive features such as cirques, tarns, arêtes, and moraines. La Plata 
Peak, the fifth highest peak in the state of Colorado, can be seen in the left hand portion of the photo looming in the distance. 
Photo by Trevor Nobile, CPG-11666.
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Expectations in the Field

In a previous article of mine titled A 
Capstone Experience  from the September/
October issue of The Professional 
Geologist I discussed some of the issues 
that I had faced prior to being accepted 
to a field camp program during the last 
semester of my senior year as an under-
graduate. In my article I discussed the 
difficulties of having to apply to a field 
camp program outside of your universi-
ty, which usually occurs when you attend 
a school with a smaller Geology program 
like I did. In that article I also reiterated 
the importance of attending field camp 
for not only the experiences gained and 
for meeting fellow geologists, but for the 
important skill set that is learned while 
gaining hands-on experience out in the 
field. Although I gave some advice on 
preparing for field camp I hadn’t actually 
talked about the field camp experience 
itself, and I will elaborate below.

For anyone currently preparing to 
either apply to a field camp program 
or leave for a program, I would first 
of all like to say to not worry about 
whether or not you have learned all of the 
basics of geology prior to your departure. 
Everyone going into a field camp pro-
gram will have completed a certain set 
of core geology courses, and most of the 
other skills and knowledge will be taught 
to you (or learned) through your time at 
field camp. For schools that accept stu-
dents from a variety of universities, they 
know that everyone is coming from a 
different background, as far as learning 
geology, and they usually try and make 

sure that everyone is well equipped and 
on the same page to be able to succeed 
in the course. As far as field camp sup-
plies, more often than not, your specific 
field camp program will give you a list of 
supplies that you will need for the field 
and for every day living. For instance, 
you could be attending a program that 
is mostly camping-based, so therefore, 
you would need to bring gear like a tent 
and sleeping bag, etc., whereas if you go 
to a program where you will be staying 
in dormitory-style housing then you will 
not need to worry about providing your 
own shelter and sleeping gear. Some 
of those factors such as where you will 
be staying and what supplies you must 
bring on your own can be fairly large 
factors in helping you to decide on one 
program over another because those are 
added expenses in addition to the overall 
cost of the program. Two of the main sup-
plies that I would highly suggest obtain-
ing before field camp would be a good set 
of drafting pens (trust me, the ink runs 
out faster than you would think), and 
the book Geology in the Field by Robert 
R. Compton. For most programs, the 
drafting pens can be found on the supply 
list for your particular program, and the 
book will not be found on the supply list 
but is helpful as a reference for any field 
work-related question. 

In any field camp program the entire 
three or six-week course is usually 
divided up into a series of different map-
ping projects. For each mapping project 
you will be expected to make a geo-
logic map, geologic cross section, and/
or stratigraphic column. In addition to 
each mapping project, focusing on a dif-
ferent location in your particular field 
camp’s region of study, your projects will 
probably also range from concentrating 
on sedimentary rocks first, and then 
incorporating igneous and metamorphic 
rocks into your field mapping exercises. 
The main rock types that you encounter 
and map during your time spent at field 
camp will reflect the geologic region of 
your camp. For instance, the majority of 
my field camp took place in and around 
the Bighorn Mountains and Bighorn 
Basin in Wyoming, and we focused 
mainly on mapping the sedimentary 
rock units (with little mapping focused 
on the igneous rocks that make up much 

of the Precambrian and Cambrian base-
ment). Later on in the course of the 
camp we slowly incorporated learning 
to map larger sections of igneous and 
metamorphic rocks in addition to sedi-
mentary rocks. 

As far as creating your geologic maps 
out in the field, the format will vary 
depending on what your particular field 
camp expects. In the field camp that I 
attended, each project started with an 
introduction to some of the local geol-
ogy and a maybe a few of the features 
that we should expect to encounter (i.e. 
faults, notable formations), and then we 
were set loose in the mapping area with 
our topographic map and colored pencils 
in hand and went to work mapping. 
During our camp we didn’t incorporate 
the use of GPS or any other electronic 
devices besides a walkie-talkie for safety 
reasons, but some camps do use this 
equipment for some or all of the map-
ping projects. 

Another suggestion I would give to 
anyone getting ready for field camp is 
to practice, practice, and practice using 
your Brunton compass. For most people 
they will have had much practice using 
this compass throughout class field trips 
during their undergrad, but for me, 
attending school in central Illinois, I did 
not have many outcrops for reference 
in practicing how to use my Brunton. 
Instead, I had to make do practicing on 
a stack of tilted textbooks or on some 
rocks from our school’s rock garden, but 
nothing can prepare you for field camp 
quite like practicing using your Brunton 

Kristina Pourtabib, SA-3410

An introduction to field camp and what to 
expect in the Badlands in South Dakota.

Everyone getting an introductory lecture before 
beginning our mapping project in another section 

of the Bighorn Mountains, Wyoming.
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expectations in the field

on a real outcrop. For those field camps that don’t use 
electronic locating devices, as simple as it sounds, you 
should be able to locate yourself on a topographic map. 
Being able to do this was something that I had to pick up 
quickly while at field camp as I never had practice learn-
ing this skill as an undergraduate. It was a steep learn-
ing curve for me to pick up on this but by the end of field 
camp I felt fairly comfortable pinpointing my location on a 
map. Overall, each project ranged from two to three days 
of fieldwork, followed by a day of transferring your final 
geologic map, cross section, and/or stratigraphic column 
into a finished draft. 

One final aspect of field camp that I will touch upon is 
group work. Field camp instructors may allow the students 
to self-organize into groups, or choose partners at random 
for each project. During my field work we were grouped 
randomly by twos and threes for each mapping unit, and 
for the final project we were able to somewhat choose our 
own partners. Random groups can pose a challenge dur-
ing fieldwork, as you might not work as well with some of 
your groups compared to others. This can be frustrating at 
times, but it is important to note that field camp is trying 
to prepare you for the real world in geology. In many jobs 
you will have to learn to work efficiently and communicate 
effectively with people that you might not like. During field 
camp you are not only developing your geology skills but 
also your communication skills. The ability to work out a 
geologic problem within a group of people is an essential 
tool for any successful geologist. 

In the end, being successful in a field camp program 
takes a lot of hard work as well as a willingness to learn 
and adapt to different teaching styles and personalities. 
As I stated in my last column dealing with field camp, 
it truly is the capstone experience to your career as an 
undergraduate Geology major. Hopefully some of the 
basics of what to expect in a field camp program that I 
have outlined here are helpful to anyone who is getting 
ready to start their own field camp experience. Field camp 
is a place to make many lasting memories with people who 
share a love for the outdoors and geology. 

Kristina Pourtabib, SA-3410, is a 2012 AIPG Scholarship 
Winner. She is in the first year of her graduate studies at 
The University of Idaho, with a focus on mineralogy and 
optical mineralogy. After her degree she plans to pursue 
a career in industry. In her free time she enjoys spending 
time outdoors with friends.

Field mapping project on a beautiful day in the Bighorn 
Mountains, Wyoming.
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Creating Habits as a Student that 
Lead to Professional Success

We can prepare ourselves to be better students and profes-
sionals by putting forth a more organized and concerted effort 
in our studies. Developing habits that lead to success in college 
can translate into career success. There are common pitfalls 
that students can avoid by creating good habits early in their 
academic career. 

A few universal mistakes that students make are not 
showing up for courses, failing to turn in assignments, and 
not effectively dedicating the time to one’s studies. Failure to 
make any of one these commitments is grounds for termination 
in the workplace. By taking our college curriculum seriously 
and treating it as we would be expected to do in a professional 
career, we are preparing ourselves for success early in life.

As Geology students, we sometimes spend tedious hours in 
the lab looking at thin sections or analyzing data and maps. 
Many times, if the material is new and unfamiliar, frustra-
tion starts to materialize and we can easily lose focus. These 
monotonous hours when we struggle the most and spend the 
time to solve the small or minute but common problems are 
the most rewarding. Every time we deal with one of these fre-
quent tribulations, finding future solutions to larger problems 
becomes a little easier and more routine. 

It is not uncommon in our academic careers that we are 
called upon to learn something that does not motivate us or 
possibly we are asked to complete a task that is difficult to 
grasp. By dedicating ourselves to the aforementioned tasks 
and working diligently towards a solution, we develop prob-
lem-solving skills that will prove beneficial in the workplace. 
When a company hands us a problem and is able to depend 
on us to analyze and solve it, you become a valuable asset to 
that company. 

Learning to be dependable is something we must accomplish 
early in our academic careers. Organization and time man-
agement are key abilities when it comes to being dependable. 
College gives us the ability to practice these habits and to 
refine methods for completing course work, while successfully 
mastering the materials. By exhibiting dependability, we set 
examples for others that prepare us for leadership roles.

Leadership is something with which some of us are comfort-
able and some of us are not. The best way to gain knowledge 
of how to become a leader is by taking on added responsibility 
in student organizations, such as the American Institute of 
Professional Geologists (AIPG). These responsibilities help 
build the confidence needed to effectively manage complex 
situations. For example, interacting with peers in stressful 
situations, while meeting deadlines, can establish a strength 
that is highly desirable, when transitioning into a career. 

Seek out the local geological society and attend the monthly 
meetings. These meetings will often provide an avenue for a 
potential internship or, at the very least, help establish con-
nections within the industry. Experienced geologists go out of 

their way to help geology stu-
dents flourish and prosper. 
The desire to learn geology 
and to struggle with ambigu-
ous problems is what binds 
all of us. When we graduate 
maintain these connections 
both with your local society 
and with the AIPG. 

AIPG embraces compe-
tence, integrity, and ethics. 
These are the foundations of 
continued professional suc-
cess, and without these qualities, one is likely to be doomed 
to mediocrity. By espousing these benchmarks as students, 
we can put into practice what it takes to succeed early and 
often. In doing so, we can begin our professional careers more 
prepared to excel in the workplace. If we put forth time and 
effort in all of our ventures and we will be amazed at what 
we can achieve. 

Justin Mauck, SA-4234, was awarded an AIPG scholarship 
in 2013. He is currently pursuing a Bachelor of Science at 
Texas A&M Kingsville and will graduate in May. In the fall, 
he plans on pursuing a Master’s degree. When Justin gradu-
ates he wants to pursue a career in petroleum geology. He 
considers himself one of the lucky few to have found geology.

Justin Mauck, SA-4234
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How Will You Separate Yourself 
from a Large Applicant Pool (“The 
Pack”) for a Particular Job?

As you proceed through your college 
academic career, looking forward toward 
a long, prosperous, and hopefully fulfill-
ing work career, are you doing all that 
you can to separate yourself, in the eyes 
of recruiters, from other applicants in 
large applicant pools? Are you going to 
be among the many looking through the 
glass door, like these catfish (Fig. 1), 
waiting to be fed (recognized)? Or will 
you have prepared yourself to be out 
in front of the pack like this walking 
catfish (Fig. 2)? 

I raise this question to all of my stu-
dents on the first day of class.

Getting Out in Front 
Academically? 

As a college student, one can earn 
a degree by successfully completing 
the minimum semester hours of credit 
required, and taking the “easy courses.” 
This path means taking and passing 15 or 
16 credit hours per semester. However, 
to begin to separate yourself academi-
cally from the pack, your transcripts 
should regularly show 18 to 20 semes-
ter hours for most semesters, hours of 
“meaty,” discipline-specific coursework, 
obviously earning good grades. That 
extra coursework [the walking catfish] 
preparation on your transcript quickly 
catches the eye of potential interviewers. 
Fluency in a second language is also a 
plus; a language minor is often helpful.

Secondly, as a student, avail yourself 
of student membership opportuni-
ties in professional organizations. 
Attend organization meetings, regional 
and national. Yes, there are reduced stu-
dent membership fees, and there is often 
funding available to help defray one’s 
expenses to these meetings. Participate 
in committees, should the opportunity 
present itself. This is an excellent way 
to meet professionals in your field, and 
“become known” prior to job-hunting.

Thirdly, consistently read the jour-
nals in your discipline. Obviously, one 
does not read every word of every article, 
but read the abstracts and conclusions. 
Pay close attention to diagrams and 
pictures, as well as writing styles and 
vocabulary. Yes, corporations expect 
new hires to be able to communicate 
via well-written and technically correct 
reports, memoranda, etc. Yes, there are 
many journals, so select something dif-
ferent each month, spreading your read-
ing through the various publications. 
This effort will help you build a more 
extensive knowledge base, beyond that 

gained in the classroom. Experience has 
shown that this effort helps one “zero in” 
on some particular aspect of a discipline 
as an area of academic concentration.

Lastly: As a college student, your 
classes are your #1 job. This is your 
opportunity to practice those skills and 
utilize discipline-specific knowledge 
required in the workplace. Many stu-
dents think that college is “different” 
from the workplace. It is not. One of 
the many hats that a college instruc-
tor wears is that of a supervisor [per-
haps a good one, perhaps not]. Again, 
on the first day of class, I require my 
students to actively work together to 
create a list of employer expectations 
of employees in the workplace. That 
list normally includes: punctuality and 
being prepared to begin work; appear-
ance, demeanor, and behavior appropri-
ate to the workplace; all assignments 
submitted by or prior to deadlines; 
demonstrated ability to work coopera-
tively, constructively, and congenially 
with others in the company on a day-to-
day basis, as well as on “crash” projects; 
flexibility relative to workplace locations 
and schedules; the demonstrated ability 
to work with and without supervision; 
honesty, usually equated to unauthor-
ized use or misuse of company equipment 
or materials, falsifying time records, per 
diem records, plagiarism, and failure to 
“give credit where credit is due.” Do not 
tell the instructor that you don’t want 
to work with peers on a group project. 
A collaborative project is an integral 
part of nearly every online course, and a 
negative student response is something 
I hear from every online class, often for 
the reason that “..I cannot work on the 
schedule provided…” or some variation. 
Can you imagine saying that to a super-
visor in the workplace? Also, what do you 
think the probable response would be 
from that supervisor? At best a private 

Gail G. Gibson, Ph.d., CPG-09993

Figure. 1. Catfish at tank window, waiting to 
be fed, or waiting for an interview.  

All looking alike. 

Figure 2. Walking catfish, moving ahead, 
being different, searching for food rather 

than waiting to be fed.
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admonishment from the supervisor, or 
dismissal at the end of a probationary 
period.

I tell my students that when they have 
completed a class assignment, critically 
review the work before submitting it, 
answering the following two questions. 
(1) Would I submit this material to my 
supervisor as part of an annual perfor-
mance review or potential promotion 
package? (2) As a supervisor, would I 
accept this material for distribution 
representing my company? If the answer 
to either of these two questions is no, 
or maybe, redo the assignments. A cor-
poration cannot afford to be known for 
shoddy work.

A number of important workplace 
expectations that usually do not make 
the student generated lists include: 
initiative; imagination; willingness to 
initiate a continuing professional devel-
opment program (CPD); and service 
to the company and community. Why? 
Because as students we are “given” 
assignments, so we wait for them. Class 
assignments often do not require imagi-
nation or initiative. Initiating a journal 
reading program as noted above is the 
beginning of CPD. Service? As a college 
student some examples for potential 
service include: serving as a tutor in 
learning centers; judging local science 
fairs; or providing merit badge advice 
to scout groups. Yes, these activities 

become part of your resume, and your 
practice for that future job.

Gail G. Gibson, Ph.D., CPG, PG, REP

how will you separate yourself from a lare applicant pool

American Geosciences Institute Workforce Program 
Internship Opportunity

2014 Summer Science Education  
Researcher Internship

The AGI Workforce Program tracks the supply and demand of geoscientists by 
collecting original data and analyzing existing data from Federal and industry 
sources, in order to inform the geoscience community of workforce trends and 
issues through regular reports. The Workforce Program also engages the next 
generation of geoscientists by supporting student recruitment at the college level 
and by communicating with students, faculty, and non-academic professionals 
about making the transition into the geoscience workforce after graduation.

AGI’s Workforce Program is seeking an intern to work with the Workforce 
Staff this summer specifically on a funded National Science Foundation grant 
(#1202707). This research grant is investigating Master’s programs in the geosci-
ences, what students are learning, what is being taught, and how well aligned 
these are to what skills and competencies are needed within the workforce. 
Online, Likert-style surveys have been deployed. Tasks for the intern will mainly 
include final data collection, data entry and cleaning, data analysis and devel-
opment of resources for the geoscience community. There may be other items 
that pertain to the grant, such as communication with geoscientific societies 
and university departments and creating new documents and materials related 
to issues concerning skills and competencies for the geoscience community. 

This internship is intended for students (either pursuing an undergraduate 
or Master’s degree) with experience with science education research, includ-
ing data collection and analysis. A background in geoscience is not required to 
apply for this position, but is strongly encouraged. Strong communication and 
teamwork skills are required.

The internship is 12 weeks long and includes a $5,000 stipend. The start-
ing date is flexible. The internship will be held in the offices for the American 
Geosciences Institute in Alexandria, VA. The intern will be responsible for 
finding a housing arrangement if needed.

To apply for this position, please send a resume or CV with a cover letter 
describing how your experience will help you in this position. Please also include 
names and contact information for two references via email to workforce@
agiweb.org, with the subject heading “Summer Workforce Science Education 
Researcher Internship.”

All applications must be received by March 10, 2013. All applicants must 
be a U.S. citizen or permanent resident.

AGI is an equal opportunity employer
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Walking My Brother’s Path

Science as a process is a mystery to the 
non-initiated. How one comes up with 
an idea, the experiments or calculations 
needed to test it, and then how one com-
municates the findings is not commonly 
known outside of research universities 
and industry. Television shows make an 
attempt at exposing the public to science, 
but they mostly report the findings and 
not the journey to the discoveries. There 
is a greater mystery surrounding science 
that the Science Channel doesn’t cover, 
and you don’t really hear about it in high 
school or even most undergrad classes: 
how does one become a scientist? What 
is that process like? What are the pitfalls 
and the unexpected crossroads? What 
are the joys and pains of the day-to-day 
journey through graduate school?

At some point during most under-
graduate curricula, a speaker may try 
to entice students to apply to graduate 
school or to participate in undergraduate 
research, but these overtures don’t really 
answer the most important questions. 
How can a young person consider sci-
ence as a career when they don’t know 
what that entails? Most undergraduates 
have little or no idea what professors “do 
all day,” let alone what they had to go 
through to get where they are.

I entered college as a biology major 
and eventually graduated with an 
English degree instead. Never during 
my time as a biology major on the track 
to becoming a veterinarian did I really 
think about what was in store for me if 
I continued on in academia instead; and 
no one talked to me about it. My lack of 
understanding of what a scientist actu-
ally does was part of the reason I did 
not continue in science at that point in 
my life.

Sometimes the young must lead and 
the old follow. My younger brother 
finished his undergraduate degree and 
went on to graduate school as a chem-
istry major. It was watching him, and 
learning about what graduate school 
was like for him, and about the promises 
that academia offers that changed my 
path. At age 27, I returned to college to 
get a second undergraduate degree, this 

time in geology - and this time with the 
intention of continuing on in academia.

What I learned from watching my 
brother struggle and succeed was that 
graduate school isn’t just a continua-
tion of an undergraduate degree, it’s 
transcendent. A graduate student needs 
to be self-reliant, bold, diligent, and 
resilient. If lab equipment breaks, you 
have to learn to troubleshoot; and when 
that doesn’t work, you have to work with 
departmental support staff or even the 
manufacturer to find a solution – other-
wise it simply won’t get fixed. 

A graduate student’s learning is also 
in their own hands. The literature is your 
best friend and teacher, but you have 
to wade out into those waters yourself, 
going as deep as possible. When you 
come back from your treks through the 
literature, hopefully it is with new ideas 
and techniques to utilize in your own 
research. The most important lesson my 
brother taught me was that research has 
its ups and downs, and that the way to 
flourish in graduate school and beyond is 
by riding these waves, not fighting them.

My brother recently visited me for 
the first time since I started down my 
own academic path. At one point dur-
ing his visit he brought out his laptop 
and showed me the different programs 
he uses to collect and model his data. 
He’s a computational chemist, so his 
models are of atoms and bonds and the 
results of his experiments are energies 
of molecules. I then showed him the pro-
grams I’m using in my undergraduate 
research: petrology software that allows 
me to plot trace element data or isotope 
ratios, and mapping software that helps 
me visualize geochemical trends across 
continents. At some point during our 
sharing my brother remarked that his 
experiments are measured in femtosec-
onds to nanoseconds and are concerned 
with angstrom-length distances, where-
as my data spans hundreds of millions of 
years and is plotted across the globe. My 
husband, who is also pursuing a degree 
in geology, turned to us and said, “But 
doesn’t it make you feel good to know 

that someone else is working on the other 
end of the spectrum?”

Together, our research spans the 
earth down to the atom, but our research 
is bonded together in another way. My 
brother will be a great professor and a 
great chemist when he finishes graduate 
school. But, in addition to all of his own 
accomplishments, he will share in all of 
mine. I probably wouldn’t have walked 
down this road without his guidance - 
and his reports that the way ahead was 
rocky, but very, very worthwhile.

While most undergraduates know 
that graduate school is an option, the 
reality - both positive and negative - of 
what the day-to-day process is like needs 
to be communicated more thoroughly 
and vocally so that students like me 
don’t balk at the mystery and miss the 
opportunity of a lifetime.

Lisa Whalen is a senior at Virginia 
Tech. After she receives her B.S. in 
geoscience she intends to go on to gradu-
ate school and continue her research on 
large igneous provinces and the mantle.

Lisa Whalen, SA-4275

Lisa at work.

Everyone That 
Submitted Articles 

For this Student Issue 
of TPG.

We Say  
     Thank You!



www.aipg.org	 JAN/FEB/MAR	2014	•	TPG	9

A Childhood Interest Leads to a 
Budding Career in Geology

Since childhood I have been interested in the world around 
me and how different natural systems work together to make 
the earth extraordinary and complex in its own right. When I 
discovered the science of geology I knew I had found my niche. 
My educational journey has been nothing less than intriguing 
and rewarding. 

My study of geology has introduced me to many fascinating 
subjects such as sedimentology, paleontology, and oceanog-
raphy just to name a few. The various types of geology labs 
have given me the opportunity to observe different fossils 
including a Wooly Mammoth tooth from the last ice age, and 
a fly in amber millions of years old. Another interesting lab 
involved opening deep sea cores and investigating the sediment 
and fossils within. The geology field trips that I experienced 
involved hands-on scientific approaches and tools that aided 
in effective observations. 

Currently I am working in my field of interest with the New 
Jersey Department of Environmental Protection (NJDEP) 
under a Senior Geologist. I am assigned to the Division of 
Water Supply and Geoscience as a Geologist Trainee. One of 
my responsibilities consists of state inspections with the Senior 
Geologist to insure proper installation of underground wells. 
We also work on projects with the state Geological Survey 
testing for arsenic in well water. The opportunity to work with 
the NJDEP and the education I am receiving from Rutgers 
University has been an excellent preparation for a successful 
career as a geologist.

Letitia Jones is a Senior at Rutgers University with a major 
in Geological Science. She is also beginning an exciting career 
at the Department of Environmental Protection.

Letitia Jones, SA-4737 
Rutgers, The State University of new Jersey

Figure 2 – One of my field exercises involved an 
examination of sedimentary structures in a beach 

trench used to study coastal processes.

Figure 1 – Yours truly, ready for 
work.

Figure 3 – A mammoth 
tooth, one of my favorite 

fossils.
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Tools of the Trade

 Introduction
What is in your toolbox? The geo-

logical toolbox has grown considerably 
since the days of the Brunton Compass 
and Jacobs staff. Our advice for stu-
dents is to embrace technological change 
but beware of the black-box syndrome. 
Remember that tools for measuring 
geologic properties are always best 
understood and most appreciated if you 
understand the basic physical science 
associated with what is being measured 
in the field or laboratory. Having been 
there and done that with our students 
at Northern Kentucky University and 
Western Kentucky University, using 
tools from the applied geophysical meth-
ods toolbox, we have a good understand-
ing of what helps to properly use the 
tools. 

Geophysical measurements in the field 
provide important tools for many geo-
logical applications whether they are for 
those seeking careers with Departments 
of Transportation and Public Works 
(geotechnical), with environmental con-
sulting or regulatory agencies, or the oil 
and gas industry. Geophysics is an indi-
rect, noninvasive series of techniques. 
It has been said that in order to be a 
good geophysicist you first need to be 
a good geologist. Therefore, using the 
basic geological knowledge such as sedi-
mentology and stratigraphy, structural 
geology, and hydrogeology in conjunc-
tion with geophysical properties aids in 
cost-effective ways of characterizing site 
geology. We provide several examples in 
which we strongly encourage students to 
truly understand the theory of a given 
applied geophysical technique such as 
resistivity or seismic prior to field data 
collection, analysis and conclusion. 

Learn the Basics before 
Conducting Field Work 

A tried and true method for begin-
ners to learn more and retain better, is 
to understand the basic theory, use the 
equipment and then delve deeper into 

the theory. Thus our students prior to 
any field exercise are strongly urged to 
review properties being measured (cf. 
May and Gibbons, 2004) and how each 
piece of equipment works. Use of elec-
trical resistivity tomography requires 
students to understand the concepts 
of Ohm’s Law, resistance and resistiv-
ity, and have the ability to relate these 
concepts to others they have learned 
such as electrical current flow being 
analogous to groundwater flow. Instead 
of gallons (water molecules/minutes) it 
is coulombs (electrons/second). Armed 
with this knowledge, students will note 
that even though an instrument cal-
culates apparent resistivity between 
spaced electrodes (Figure 1), physically 
the process is a repetitive measuring 
of differences in electrical resistivity at 
numerous nodes (and is iterative during 
the modeling phase). 

A background in basic solution chem-
istry is required to understand that 
groundwater (aqueous solution in the 
subsurface) best conducts if there are 
dissolved ions in that solution. If you 
want electrical current to flow you need a 
way to move electrons along. In contrast, 
students can learn several hypotheses 
to explain why a certain apparent resis-
tivity pattern is exhibited. Carbonate 
rocks (i.e., limestone and dolomite) are 
very electrically resistive when they are 
unfractured, but can have significantly 
lower resistivity values when fractured 
and/or weathered and affected by solu-
tion. In contrast, shale bedrock is very 
conductive. 

The conditions of electrical conduc-
tion are very dependent on moisture 
and therefore equally dependent on pre-
cipitation and/or groundwater. Periods 
of drought can deplete the amount of 
water in a system changing its overall 
resistivity. Void spaces in a clay matrix 
could actually look more resistive than 
the clay. However, if after a protracted 
drought sufficient rain falls to fill in 
void spaces and the clay does not have 

sufficient time to absorb moisture, the 
resistive void can appear conductive. 

The interpretation of geophysical data 
requires considering many lines of evi-
dence. Students should have a basic 
knowledge of states of matter (i.e., solid, 
liquid and gas) and the relative expected 
abundance of various fluids encountered 
in soil, sediment and rock. It is necessar-
ily required that students also have an 
understanding of the basic physics asso-
ciated with the materials being tested. 
Students must also learn by doing and 
be willing to integrate their multi-disci-
plinary backgrounds to do so (e.g., Wulff 
and May, 2013). For example, seismic 
surveys (Figure 2) require a determina-
tion of the most appropriate method 
– refraction, reflection or surface wave 
analysis. Refraction relies on increasing 
acoustic velocities in each stratigraphic 
unit or layer to refract energy encoun-
tered with increasing depth otherwise, if 
this cannot be assumed or is not known to 
be the normal case, then an alternative 
method such as reflection should be pro-
posed. Reflection relies only on velocity 
contrasts between encountered strati-
graphic units or layers. Such decisions 
of even knowing which method would be 
the most advantageous obviously hinges 
on a basic knowledge of acoustic velocity 
trends associated with various physical 
media (e.g., dry sandstone, saltwater 
in sandstone, freshwater in sandstone, 
caves, highly fractured wet limestone, 
highly fractured dry limestone etc.). This 
is basic physics knowledge but applied 

Thomas B. Brackman, MEM-2383 and  
Michael T. May, MEM-0586

Figure 1. Students setting up a resistivity sur-
vey at a small cave in Mississippian rocks in 
Hart County, Kentucky near Mammoth Cave 

National Park.
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tools of the trade

to understanding subsurface geologic 
conditions. 

Avoid the “P” Word
Procrastination is perhaps one of 

the most difficult things to admit for 
students and faculty alike but we all 
necessarily place first on our “to do” lists 
items we like to do and sometimes the 
priority system is not rigid. The normal 
human response is to put off those more 
difficult or unsure tasks. If you have 
a series of courses to take, make sure 
you are proactive in seeking out all the 
physical science courses or mathemat-
ics that will greatly aid you in those 
geology classes even if your particular 
program does not have for example, a 
physics, chemistry or calculus class as 
a pre-requisite for upper-level geology 
courses. Many programs in Geology and 
allied disciplines across North America 
naturally have a series of pre-requisite 
courses but we maintain that the physi-
cal sciences especially are most ben-
eficial to encounter earlier rather than 
later under the guise of “finishing off the 
requirements for graduation.” High-tech 
tools of the trade require more than a 
basic knowledge of geology. Students are 
necessarily required to know chemistry 
and physics in order to understand field 
and laboratory analytical or measuring 
devices. You may hear of the so-called 
“just in time learning” but our experi-
ence is that students struggle less in the 
field if they have had that physics and 
chemistry foundation prior to extended 
days of conducting resistivity, seismic, 
gravity and similar surveys.

Success in the Field
Our experience from the standpoint 

of instruction of college students has 
been that the greatest success in the 
field of applied geophysics has been by 
those students who are doing more than 
“pushing buttons” or “laying out lines” 

as field helpers but rather by those who 
have purposely sought out allied physi-
cal science basics and reviewed these 
concepts prior to conducting a given field 
survey. In particular, our students have 
also learned how such exercises not only 
bring things like physics and chemis-
try to life in the field setting but they 
also permit direct, first-hand knowledge 
of how such surveys can be used to 
solve problems associated with building 
roads, mitigating karst hazards, prop-
erly assessing groundwater resources, 
site characterization and remediation, 
and the search for energy resources, just 
to name a few applications.

Perhaps one of the most important 
aspects of learning comes from students 
understanding the basic theory and then 
putting the theory into practice through 
applied geophysics. As such field meth-
ods by their very nature are indirect 
measurements of geologic conditions, 
students are challenged to construct 
multi-working hypotheses as they col-
lect and analyze data. This is also good 
practice for a future career!

Summary
Students should go beyond looking 

at the “hard sciences” such as physics, 
chemistry and mathematics as some-
thing that should be put off for later 
in their geology curriculum because 
these subjects are foundational in fully 
understanding exercises in the field 
such as applied geophysics. The seem-
ingly disparate discussion of courses 
dealing with basic electrical properties, 
chemical characteristics and behavior of 
fluids, velocity of wave fronts, particle 
motion, vibration direction, frequency 
and similar physical parameters are all 
important to master prior to conducting 
geophysical surveys. The importance of 
understanding the various principles of 
physics and chemistry can be related to a 
positive feedback mechanism associated 
with learning the theory of each type of 
field survey. We suggest that students 
can also recognize that such thorough 
understanding is associated with field 
preparation, data collection, data pro-
cessing and analysis, and ultimately 
geologic interpretation. These skills can 
form the basis for significant points of 
communication for not only colleagues 
and professors but also employers seek-
ing out students who have learned by 
doing and who have established them-
selves as knowing not only the theoreti-
cal but also the applied.
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Figure 2. Students conducting a seismic 
survey in the Cincinnati metropolitan area 
of northern Kentucky in landslide-prone 

Ordovician strata.
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Advice from an advisor…

Geology majors, regardless of which 
career you pursue, it is not just about 
getting that bachelor’s degree anymore. 
I advise most of the majors in our depart-
ment and have done so for seven years – I 
think I have earned some “street cred” 
along the way. In other words, what I 
offer is stuff that works and information 
that helps – at least it has helped those 
here. Almost 100% of our graduates 
either get into graduate school or obtain 
geology jobs. That says something about 
our program; that says something about 
advising. Here is what I tell new majors:

First, understand what you want to 
do…do you like teaching? Like govern-
ment opportunities? Like being in the 
field all the time? Do you hate traveling? 
Or do you really not know yet? Because 
the type of degree you seek depends on 
what you want to do with your career. If 
you want to teach K-12, you only need a 
bachelor’s degree. Most consulting jobs 
only require that as well. If you want a 
bigger paycheck and can devote the time, 
those previously mentioned careers will 
still be viable but will be more lucrative 
if you obtain a master’s degree. You will 
also set yourself up for other opportuni-
ties – broaden the field of potential jobs. 
With a master’s degree, you can teach on 
a community college level, obtain good 
positions with government agencies, be 
leaders in consulting firms. If you want 
to teach at the university level or engage 
in high-level think-tank jobs, you will 
need a Ph.D. The first thing, then, is to 
define why you like geology and where 
you see yourself in a few years. I also 
advise new majors to think outside the 
box…geology is the Earth! Anything 
to do with it falls under this topic. 
Remember awhile back when Osama 
Bin Laden was ascertained to be in 
Afghanistan? It was because a geologist 
reviewed the videotape and recognized 
the rocks Bin Laden chose as a backdrop 
– so don’t overlook careers in military 
intelligence. A friend of mine obtained 
his master’s degree in sedimentology 

and then set himself up as a vintner – a 
maker of wine – because he understood 
soils and the geochemistry of his land 
and plants. As a geologist, you can be 
almost anything! 

Second, regardless of where you want 
to have your career, keep up that GPA! 
If you decide to go into the workforce 
directly out of college, the GPA will 
define you. If you decide to go on for a 
master’s degree or a Ph.D., your GPA 
will define the success of your applica-
tions. Fairly few graduate programs will 
accept anyone with less than 3.0. The 
higher your GPA, the more likely you will 
get accepted, and the more lucrative will 
be your offer of financial aid. 

I usually advise my students to take 
a course load each semester that is chal-
lenging but not overwhelming. All of the 
subjects that you take in your major on 
the undergraduate level play into one 
another, and all provide the foundation 
for some part of geology that needs to 
be understood. Racing through any one 
of them “just to get it done” with your 
degree does you no good in the long run. 
I had one student in my sedimentology 
class a few years ago who did not like 
to pay attention, saw no use for it and 
was not very good. A few years ago, he 
stopped by my office and said he was 
absolutely sorry he did not pay better 
attention in my class because he – as 
an oil field consultant – uses concepts 
from that class almost everyday, and he 
had to go back and teach himself what 
he had missed. 

One of the other pieces of advice I usu-
ally give to my advisees is to get skilled in 
GIS (Geographic Information Systems). 
Most jobs, regardless of sector, require 
some expertise in GIS. Additionally, if 
students have an interest in pursuing a 
minor, I encourage them to do so because 
it makes them more marketable. It espe-
cially helps if the student already knows 
in which direction they want to go with 
their career because they can choose 
a minor that bolsters their choice. For 

example, suppose the student wanted 
to be a paleontologist. A good choice 
for a minor would be in biology, as the 
student would have more knowledge of 
animal systems, physiology, anatomy 
and the like. 

Third, if you are a geology major, most 
graduate schools will PAY you to get a 
degree. No more taking out loans to pay 
for schooling, no more worrying about 
the money. Any graduate program that 
wants you will pay your tuition, fees and 
give you a living stipend. If they make 
you an offer that does not give you that 
mix, you are not a good match for them. 
Does that mean you are not graduate 
school material? No! It just means you 
did not pick the best matches for your-
self. You should spend time researching 
your prospective schools before sending 
the applications. Look for places that 
have folks doing what you like. Contact 
those folks and establish some sort 
of ongoing relationship – email, text, 
Skype, whatever. Be careful that the 
folks are viable mentors – they should 
have published recently, they should 
have gotten grants recently, and you 
can certainly contact their current grad 
students to see what they have to say 
about the advisor. It is as much of you 
looking for the best graduate school for 
you as the graduate school finding the 
best candidates to choose. 

Fourth and last in this missive – go 
beyond your degree requirements. Do 
independent studies, take on an under-
graduate research project, offer to be 
a teaching assistant or tutor for your 
department, land an internship, and 
join societies. Many universities offer 
the first ones; internships and societies 
are offered nationally. Doing a senior 
research project is almost mandatory 
these days if you want to be competitive 
for graduate schools. By engaging in 
undergraduate research, you demon-
strate to prospective schools that you 
can do research, which is vital to success 
in your graduate degree program. If you 

dr. diane M. Burns, MEM-2471 
Assistant Professor 
department of Geology and Geography 
Eastern Illinois University
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advise from an advisor...

do an undergraduate research project, 
take it to a professional meeting and 
present the results. There are many 
choices, from on-campus science fairs to 
local and national conventions of profes-
sional societies. Many undergraduate 
departments offer financial assistance 
to offset the costs of attending these 
conventions – check with your advisor 
and department chair. 

Being a teaching assistant or tutor 
for your department may not pay well, 
if at all, but it will give you experience 
in the classroom and demonstrate com-
munication skills, among other assets. 
At the very least, it will reinforce your 
understanding of the subject – if you can 
teach a concept, you truly understand 
the concept. Internships are valuable 
for a similar reason, but they tend to be 
much more focused and – usually – a 
little more lucrative. Some are really 
competitive to get, others are a little 
easier to obtain. For example, there is the 
NASA internship program – extremely 
competitive but very valuable for those 

folks who wish to be involved in plan-
etary geology and the like. Then there 
is the Student Conservation Association 
internship program. It is fairly easy to 
obtain an internship with them because 
of the sheer volume of internships they 
offer each year and because of the focus 
of the program. It was set up as a way 
to get help for the National Park System 
because of continued government cut-
backs to the operation of these parks, 
and a way to get interested, motivated 
young undergraduates a chance to gain 
some experience. How many have been 
daunted by any job application that says, 
“experience needed,” when you have 
never had a chance to get any? This is 
one way to broaden your background 
and also demonstrate your capabilities. 

In closing, join student and profes-
sional societies! Start a geology club on 
campus, create or reestablish a Sigma 
Gamma Epsilon chapter (national hon-
ors society for earth science), join GSA 
(Geological Society of America), AGU 
(American Geophysical Union), and 

many, many more. Most all of these 
national societies have annual dues 
associated with them, although the stu-
dent rate is usually quite discounted. 
Best yet, join the American Institute 
of Professional Geologists, which offers 
free membership to students. This is an 
opportunity to become part of a larger 
group that has your interests at heart 
and it does not cost you a thing. You can 
also start a local chapter of the AIPG at 
your school; join the society and find out 
more about this possibility. The more 
you are connected, the more you are 
aware of opportunities, scholarships, job 
prospects and more. We geologists are in 
demand…and we should be because we 
understand our beautiful planet.

Diane has degrees in geology as well 
as English and fine arts, having profi-
ciency in rocks as well as water colors and 
17th century authors. Diane’s geological 
interests range from investigations into 
paleotectonism (Penn/Perm of the Rocky 
Mtn region), geomorphological evolution 
(mid IL region) and outreach/education.

In November of 2013 Metropolitan 
State University of Denver’s application 
for a student chapter was approved. 
MSU-Denver sits in the heart of down-
town Denver, Colorado and shares its 
campus with two other local schools. 
Founded in 1965, MSU-Denver cur-
rently serves nearly 23,000 students. 
MSU-Denver is unique in its population 
of students having an average age of 26 
with many students working, maintain-
ing families, and pursuing an education.

MSU-Denver’s geology program 
is in the department of Earth and 
Atmospheric Sciences which incorpo-
rates Environmental Sciences, Land 
Use, Meteorology, and GIS. The geology 
program currently falls under the major 
disciplines of Environmental Sciences 
and Land Use though there is hope in 
the future of a specialized geology major 
in the department. 

With the intention of becoming a 
known geology school in the state the 
students have had a desire to begin a 
student chapter of the AIPG to serve not 
only MSU-Denver but also the other two 
colleges on the campus it shares. The 
officers to begin this effort are Felicia 
Kruger, SA-4731, President, Olivia 
Ruiz, SA-4869, Vice President, Jessica 
Davey, SA-4424, Secretary, and Chelsea 
Skubal, SA-4907, Treasurer. Dr. Uwe 
Kackstaetter, MEM-2437, is serving as 
the faculty advisor for the chapter and 
David Abbott, CPG-04570, (Colorado 
Section President-Elect) is the section 
advisor. 

The intention of this chapter is to 
become a stronger presence in the geolo-
gy community, and also give the students 
of this campus a wider perspective of dif-
ferent aspects of geology not only in an 
industry sense but also in a community 
sense. MSU-Denver has begun to make 

a presence in the geoscience community 
with undergraduate Stephanie Gallegos 
winning Student Poster Contest for her 
research at the AIPG conference this 
past October and Felicia Kruger pre-
senting undergraduate research at the 
GSA Conference following. These two 
students are leaders in the department 
and have a desire to leave the program 
with a foundation of leadership and 
community.

New Student Chapter of AIPG 
– Colorado Section

Felicia Kruger, SA-4731

Your section needs 
to start a Student 

Chapter Today.  
Contact Vickie hill at 
AIPG headquarters 

for more details. 
vlh@aipg.org
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Undergraduate Research and 
Graduate School

I am a non-traditional student in the sense of most typical 
college students. I am 32, married, have 2 kids and no idea 
what I wanted to do but have always had a desire get a college 
degree. I am the first one in my family to go to college and 
will be the first one to graduate with a bachelor’s degree. It 
has been an amazing experience. While I was pregnant with 
my second child I decided I wanted to return to school and 
do something; my intentions were to become a lawyer. I have 
the gift of gab and the gift to argue. I took a weekend geology 
class I decided it was an unknown passion. I had no idea you 
could have a job and a real career as a geologist. Suddenly 
this door opened and I jumped through. 

Out of high school I went to an area community college, 
knowing eventually I would get a degree in something. I was 
18, a little lost and very naïve. I went to school for 2 years 
while working full time and at least got all those classes any 
degree would require. Flash forward 10 years and here I was 
returning to school; at least I didn’t have all those pesky 
English and history classes. I knew I was going to get my 
bachelor’s degree but the thought of continuing to get my 
master’s was terrifying. Research a topic! I had no idea how 
to even begin. I was set, getting my bachelor’s and returning 
to work, graduate school was just too scary.

In my junior year a very eclectic teacher set on undergradu-
ate research suddenly threw me a topic. I liked it – find a solu-
tion to dissolve limestone, dolomite, sandy dolomite, whatever 
you want to call it in Oklahoma. I could do this, this was easy. 
So for the next few months I tested acids, read about the area, 
looked at oil production, tested some more acids and finally 
had some results. I was encouraged to submit my research to 
the Geological Society of America’s conference since it was in 
our backyard this year. I did, my abstract was accepted, and I 
almost passed out (literally). Over the next 6 weeks I prepared 
and finally had a poster to take. I was amazed at how well 
I did, it was so exciting. Attending the GSA conference was 
amazing as well. I learned so much, saw so much, and met so 
many different people.

Accepting the challenge of undergraduate research made 
me feel more confident that I could go to graduate school. It 
made research way less intimidating then I thought it would 
be. Going to the GSA conference also gave me the idea of what 
it was like to present my research. The whole experience was 
amazing and one I will never forget.

This past fall I took my GREs and applied to graduate school 
of my interest. I am ready; I know I can do this. I also know 
that part of this confidence stems from the amazing teachers 
and mentors I have at my disposal. Dr. Uwe Kackstaetter, 
MEM-2437, Dr. Barbara Echohawk, and Dr. James Cronoble 
all helped me navigate through my research project and 
through this crazy idea of graduate school. I am fortunate for 
the opportunities they have given me not only in the research 
but also in the classroom.

I guess what this is all boiling down to is the importance of 
undergraduate research. We may not always be prepared for 
what college is going to bring us straight out of high school and 
in life. I think the opportunity to do undergraduate research 
can not only give you to confidence to potentially further your 
education but also give you confidence in yourself, the work 
you produce, and in your ability to share your findings. These 
are not just skills for school but can also be used in life, in a 
career, in anything that may touch your life. Going to confer-
ences as an undergraduate can also show you so much of what 
your industry can offer and give you an opportunity to make 
both contacts and friends.

I am truly grateful for the opportunities I have been given 
in the last year and am ready to leave my life as an under-
graduate and jump in to graduate school. I am ready to make 
a mark in this world. 

Felicia Kruger, SA-4731

Is Your Profile Correct? 
It is important to keep your address, 

phone numbers, and e-mail information 
up to date in our records. Please take 
the time to go to the AIPG National 

Website, www.aipg.org, login to the 
member portion of the site and make 
sure your information is correct. You 
can edit your record online. If you do 

not know your login and password you 
can e-mail National Headquarters at  

aipg@aipg.org or call  
(303) 412-6205.

Save the date
AIPG-AHS 2014 National Conference 

 September 13-16, 2014 
Prescott, Arizona

Prescott Resort & Conference Center - $119 
1500 State Route 69 Prescott, AZ 86301 

Hotel: (855) 957-4637 

Hosted by AIPG National and AHS
Co-hosted by AIPG Arizona Section
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Recyclable Time: A Third Division Between 
Work and Personal Time for a Healthier Lifestyle 
of a Graduate Student

Time is roughly defined as a dimension in which experi-
ences or events can be ordered in an arrangement from the 
past, through the present, into the future. The presence of an 
experience or life event within our three-dimensional universe 
varies in length on the fourth-dimensional timescale. Time can 
sometimes be your friend, and sometimes it can be your enemy. 
Making time an accomplice, rather than a malevolent force, is 
significant for progressing through the experiences you will 
gain while in graduate school and finishing the program with 
a healthy outlook on future endeavors. The fourth-dimensional 
timescale is constant, and, as J.R.R. Tolkien once wrote, “you 
must decide what to do with the time that is given to you.”

There are two typical approaches for dividing up time 
while in graduate school: work time and personal time. The 
time devoted to work is studying for your courses, finishing 
homework assignments, conducting research for your thesis 
topic, and possibly teaching an introductory laboratory in your 
department. On the other hand, personal time dedicates the 
additional or extra energy you have remaining for yourself 
that counterbalances your workload, such as watching televi-
sion, listening to music, reading a book, exercising, or (better 
yet) sleeping. These personal events outside of working are 
important for maintaining a healthy lifestyle, especially as 
a graduate student when each day may bring new surprises. 
On occasion, school-related work will soak up more than the 
average ~40-45 hour workweek, and meeting deadlines may 
become more difficult, but it is still beneficial to stop conducting 
work and relax even if a deadline cannot be met. Overworking 
yourself may lead to a nervous breakdown that can shutdown 
your body for weeks, perhaps months, which is a substantial 
length on your fourth-dimensional timescale compared to the 
time allotted for meeting one deadline.

To avoid such a temporary leave of absence from the high-
stress and anxiety that comes with being a graduate student, 
I advocate for a third type of time when proceeding with man-
aging your fourth-dimensional timescale that I call recyclable 
time. This recyclable time is something that most students do 
not consider as a part of their weekly routine, but they may 
be performing it without knowing that they are executing it. 
A working definition for recyclable time is: the use of previous 
experiences on the fourth-dimensional timescale that are work-
related objectives applied to new, non-work-related objectives 
during personal time. This definition proposes that previous 
time adopted to gain new experiences that you have applied 
towards work-related disciplines should be used regarding 
another new objective that is not a part of your work, but is 
also not a part of your personal time either. Recyclable time 
is the formidable connection between the two divisions of 
work and personal time, but allowing your expertise to be put 
to use concerning a different objective. By forming a medial 
boundary betwixt work and personal time, you are recycling 
old work experiences, sacrificing very little personal time, 
and producing new experiences that are more enjoyable and 

non-stressful because it is a piece of your knowledge that you 
are comfortable with using.

Operating your brain with the information that you already 
know by slightly pushing yourself in a different direction or 
being in a different environment is an excellent activity for 
retaining knowledge without completely forgetting about it. 
Recyclable time is a full-time television actor deciding to star 
in a movie while continuing to film the TV-show. It is a music 
educator/band director for a middle or high school deciding 
to perform in a local community production of a musical 
while still instructing classes. The idea of recyclable time is 
comparable to a scientist writing a textbook while continuing 
research and, possibly, teaching on the same length of their 
fourth-dimensional timescale. Although the workload of these 
above examples seems excessive and highly stressful, each 
person identifies with a particular expertise that they can 
benefit, or recycle, for some other activity outside of work to 
maintain a steady lifestyle without drastically dropping all 
work or relaxation.

Having recyclable time as a part of managing your time 
is helpful in persuading you to continue doing what you love 
every day and finding a worthwhile experience as you progress 
through new experiences. Remember that balancing work and 
personal life is still essential. I recommend ~5-10% of worked-
hours spent each week to recyclable time. For example, if you 
have worked a 40-hour week, then dedicate ~2-4 hours recy-
cling your expertise to “cool down” your brain activity, similar 
to cooling down after a long run. Play a trivia game that will 
question your knowledge of a particular subject. Write a short 
story that relates to the experiences you have gained on your 
fourth-dimensional timescale. Teach or instruct a friend or 
a community group on the ideas and creative thoughts that 
have materialized from your work. Involving yourself in any 
of the above examples within the devoted recyclable time 
regime (and surely other activities as well) can deteriorate 
the stresses of graduate school and make that chunk of your 
time more appreciative.

Graduate school extracts a lot of energy from you. Manage 
your time well. Take personal time outside of work to relax. 
Dedicate a little extra personal time to recyclable time in your 
weekly routine and your fourth-dimensional timescale will 
likely increase in length and become robust with enjoyable 
experiences that can be capitalized in future undertakings!

Steven Battaglia is a second-year graduate student in 
the Department of Geology and Environmental Geosciences 
at Northern Illinois University. Steven received a B.S. in 
Atmospheric Sciences and Geology (and a minor in Astronomy) 
from the University of Illinois at Urbana-Champaign in 2012. 
Steven conducts research in the field of planetary geology and 
is currently investigating geological processes on Jupiter’s 
moon, Io, Neptune’s moon, Triton, and super-Earth exoplanets.

Steven M. Battaglia, battagls1@gmail.com 
northern Illinois University
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Life Out of College

Post-graduation for many, if not most, 
can be very intimidating. Prior to this 
point everything followed a set path: 
elementary school, middle school, high 
school. As we proceed forward to the 
collegiate level we are granted or bur-
dened with, depending on your perspec-
tive, a greater freedom to choose our 
fate. Despite this apparent opportunity 
to dictate our future, the reality is we 
have little control over where we end 
up. It’s comforting to know what to 
expect so that we can prepare for the 
inevitable and yet, the fact of the matter 
is our futures are significantly molded 
by serendipitous events. For me, this 
became overtly obvious immediately 
after I graduated with my undergradu-
ate degree in geology. 

The first choice to make regarding 
your post-graduation path is to deter-
mine whether or not you wish to continue 
your education. I have been fascinated by 
paleontology since I was very young, so 
in order to pursue a career in this field 
I decided that graduate school would be 
beneficial. I applied to four schools and 
felt that I would undoubtedly have no 
trouble getting accepted, however this 
was not the case. I was accepted by two 
of the four schools, but was told that they 
could not provide funding. All of my advi-
sors had told me that I shouldn’t attend 
a graduate school if they are unable to 
fund my research, so the choice was made 
for me that I would take a year off from 
school. For better or worse my plans had 
been altered, leaving me in a perplexed 
state. This discouraging outcome left me 
with a more limited gambit of options. 

Fortunately, a fellow student had 
offered me an opportunity to join him on 
a paleontology excavation in Texas at the 
beginning of the summer. This was the 
first of many unexpected circumstances 
to influence my outcome. The student 
had been in one of my many geology 
courses and told me of a company called 
Red River Paleontology that he and 
a colleague were starting. The goal of 
this company was to accumulate fossil 
material to eventually establish a new 
museum. Due to the early stages of this 
company I would have to pay for the trip 

myself, but they would allow me to keep 
some of the material that I uncovered. 
Regardless of the cost, I was eager to be 
a part of this excavation. As an aspiring 
professional, I knew that the experience 
could be invaluable, and if the company 
was successful I might have a job wait-
ing for me afterwards. As an avid fossil 
collector, the opportunity to excavate in 
Texas was way too enticing to pass up. 
So there was no question in my mind 
that I should accompany them on this 
excavation. 

During the excavation we recovered 
what is likely to be the most complete 
skeleton of an Eryops megacephalus, 
which could be worth anywhere from 
$300,000 to $500,000. As a researcher 
I tend to see more value in information 
than in dollars; however as a recent 
graduate with no prospective career path 
it was hard not to see the economic value. 
The expected outcome of this find is that 
it will be sold to a museum and that the 
money will then be used to help fund a 
new museum in Texas. However, this 
isn’t quite as easy as it may seem. The 
skeleton is in hundreds, if not thousands, 
of pieces, which could take a year or lon-
ger to reconstruct. So the true outcome 
of this find still remains a mystery. After 
my Texas adventure came to an end I 
was yet again faced with the decision of 
what to do next.

With no job and little money I had no 
other choice than to move back in with 
my parents. I coped with this by telling 
myself that it was only temporary and 
that tons of people take a year off after 
they graduate. So I relaxed at home, 
hung out with old friends, and lackadai-
sically looked for a job. Every job opening 
seemed to require more experience. I 
broadened my search to other states and 
other disciplines of geology as long as the 
job still paid well, but still faced the same 
outcome. Finally, I realized I was expect-
ing too much in terms of payment. As the 
summer was coming to an end and most 
of my friends were preparing to return 
to college, I knew that I needed to find 
something to occupy my time that could 
help make myself a better candidate. I 
revisited my childhood and came up with 

an idea. While in high school I had vol-
unteered for an archaeology group called 
the Lost Towns Project that excavated 
culturally significant sites in Maryland. 
Aware of the overlap between archaeol-
ogy and geology, I knew that this could 
be a great opportunity to broaden my 
experiences. I got an internship with the 
Lost Towns Project and was exposed to a 
myriad of useful techniques. The intern-
ship was unpaid, but that seemed to be 
the cost of the much needed experience. 

Prior to this internship, I had emailed 
the curator of paleontology at the Calvert 
Marine Museum in hopes of getting 
involved with research. Unfortunately, 
the museum already had three paleon-
tology interns and couldn’t afford anoth-
er at the time. After my archaeology 
internship came to an end I decided to 
attempt to get involved with the Calvert 
Marine Museum again in hopes that the 
previous interns had returned to school. 
Two weeks later I got an unexpected 
email from the curator of paleontology 
at the museum offering me a position 
as a paleontology consultant for NASA 
Goddard. At this point I had just left for 
another trip to Texas to continue exca-
vating the Permian locality. This time 
around the trip was partially funded, so 
it was a little more manageable. I told 
the curator that I would happily accept 
the offer, but that I wouldn’t be back for 
a week and fortunately he said that it 
wouldn’t be a problem. The day that I 
returned from Texas I received an email 
that there had been a mistake and that 
the consulting position was no longer 
available and in the blink of an eye my 
elated feeling disappeared. 

The following day I went to the 
Calvert Marine Museum to attend a 
fossil club meeting and finally got the 
chance to meet the curator I had been 
in contact with for the past few months. 
He apologized for the mishap and after a 
short discussion about my ambitions he 
offered me an internship at the museum. 
Despite the emotional rollercoaster ride 
in searching for a job, I finally found 
a paid position in my field of interest; 
however the museum is 60 miles away 
from where I live and I make very little 

Victor J. Perez, SA-4360
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life out of college

considering all the money and time spent 
driving. 

My poor financial stature doesn’t 
discourage me in the least. I visited the 
Calvert Marine Museum when I was 
six years old and it was at this museum 
that I acquired the desire to become a 
paleontologist. Being able to accomplish 
a childhood dream is invaluable and I am 
still currently working as an intern at the 
Calvert Marine Museum. Through this 
opportunity I have met numerous people 
that can help me advance my career and 
I have received incomparable guidance 
and support. 

I have since reapplied to graduate 
school for fall of 2014. This time around 
I applied to seven schools and numerous 
external sources of funding in order to 
diversify my options and enhance my 
potential for acceptance. I’ve recently 
heard back from two of the schools. I was 
accepted into one of them and for the 
other I was among three students to be 
selected for an interviewing process. So 
far the outlook is bright and I can only 
hope that I will continue to have success 
with the remaining schools. 

Through this unorthodox chain of 
events I have come to terms with the 
lack of control I have over my future. 
As they say, “when one door closes 
another opens.” Now this doesn’t mean 
that you can simply sit idly by and 
expect everything to work out. I was 
extremely persistent and continued to 
pursue new avenues at every turn. If 
you are motivated and passionate about 
your ambitions there is no reason that 
they won’t eventually work out, as long 
as you remain relentless in your efforts. 

In 1998, Victor visited the Calvert 
Marine Museum and found his first 
fossilized sharks’ tooth in the Discovery 
Room. From that point on he became 
adamant about pursuing a career in 
paleontology. He received an honors 
Bachelor’s of Science degree in geology 
with mathematics minor from The Ohio 
State University and is now aiming to 
study vertebrate paleontology in gradu-
ate school. This ambition has brought 
him full circle back to the Calvert 
Marine Museum as a vertebrate pale-
ontology intern. His current research 
interest revolves around the evolution of 
Megalodon and the morphological varia-
tions associated with their dentition.

Educational Achievements 
You Will Not See on Your 
Official Transcript

William J. Elliott, CPG-04194

To receive a good academic education is 
why most of us went to college. As I look 
back, my years in college were much more 
than 15-week semesters of going to class-
es, reading text books, doing homework, 
taking exams, and then re-registering to 
do it all over again the next semester (or 
quarter as the case may be). With a decent 
grade point average and some good luck, 
I earned bachelors and master’s degrees 
in geology. 

Beyond that academic endeavor, and 
sheepskins to prove it, there are the 
untold, unspoken, silent and life-long 
collateral benefits for which one does not 
pay tuition or receive grades. We usually 
pay for these achievements with part time 
jobs, serial relationships, sports injuries, 
parties, social venues, and perhaps even 
-- an occasional hangover. But, these les-
sons learned outside the classroom are 
legends in and of themselves. Without 
even knowing it, per se, we were build-
ing self-confidence, self-worth, and self-
esteem. 

High self-esteem cannot by obtained 
through study, or purchased. We earn it 
and gain it, little by little, by living life 
to the best of our abilities. It comes from 
trying and succeeding, trying and fail-
ing, trying again and again and finally 
succeeding. It is an inside job. It is that 
sense of feeling good about what one has 
accomplished. 

It is not what someone said, what 
someone gave you, or the new car; those 
good feelings are fleeting, like winning 
the homecoming football game. The day 
after the game that fleeting exhilaration 
of the winning moment is gone, and we are 
back to what is inside ourselves. We are 
back to who we really are late at night or 
early in the morning – when we are alone 
with ourselves.

So go ahead, and get that good academic 
education. That is what you will present 
to your first prospective employer in hopes 
of earning a real paycheck. But, while you 
are pursuing excellence on the academic 
front, don’t forget to develop the whole 
person. Be a participant in campus life. 
Go out for sports, join social and academic 
organizations, make friends (in person, 
not just online), form study groups, start 

a cottage business, work part time, pick up 
trash on your way to and from class, offer 
help to an elderly or special needs person 
-- and the list goes on and on. These are 
the activities (actions, not just thoughts or 
ideas) that will, over time, help you build 
a good sense of self and a feeling of high 
self-esteem.

Think of life’s journey like the wooden 
spokes of an old wagon wheel without 
the steel rim. As long as the spokes are 
all about the same length, the wheel goes 
around and around without too many 
bumps or thumps. If one or two of the 
spokes break, and become shorter than 
the others, the wheel is out of round and 
does not work very well. Our lives are 
like that too. 

A well balanced person lives life with 
a minimum of bumps and thumps. But 
when one focuses on one aspect of life (say 
grades) at the expense of social develop-
ment (campus activities) the wheel of life 
is out of round. So, strive for balance in 
your life. As mom always said, all work 
and no play makes Johnny a dull boy. 
Finding balance in your life will lead to a 
good sense of self-confidence, self-worth 
and self-esteem.

Soon you will realize that, while earn-
ing A’s may not fill the hole in your gut, 
becoming a part of campus life, and the 
society of your peers, will fill the age old 
human need to be a part of something 
much bigger than yourself. You will have 
developed that intangible and incalcu-
lable gift of self-esteem. This is something 
bean counters cannot measure, but it is 
something your boss will quickly recog-
nize and come to appreciate. 

By the way, not too far off the main 
subject, when someone does something 
nice for you, take time to send a hand 
written thank you note (not an e-mail); the 
recipient will remember and appreciate 
the kindness of your gesture longer than, 
and more than you will ever know. And, 
most importantly, you will feel good about 
yourself for having taken the time to do 
so. The price of postage pales compared 
to gift of self-esteem.

Good luck, have fun, and remember to 
always say please and thank you!
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Enjoy Your Research and Craft Your Thesis 
Well – It Will be Around for a While

Exciting days in graduate school. With 
Master’s degrees in both chemistry and 
geology, I was off to pursue a doctorate in 
geochemistry at Iowa State University. 
We were attempting to determine why 
certain carbonate rocks were unstable 
when used as concrete aggregate. The 
culprit rock fragments grew reaction 
rims as the concrete deteriorated. Coring 
the highways and sampling aggregate 
with and without reaction rims revealed 
that the reaction rim hosts were carbon-
ate rocks containing fine siliceous mate-
rials, predominately poorly crystallized 
illite and amorphous alumina-siliceous 
material.

The growth of reaction rims was 
shown to be accompanied by a transfer 
of soluble silica in the high pH envi-
ronment. The resultant more-siliceous 
reaction rims resisted leaching by dilute 
acid while the carbonate host matrix 
was dissolved. Spectacular evidence (at 
least to a geologist) of this reaction was 
developed by acid leaching of polished 
sections. Post-depositional dolomite 
rhombs were leached away leaving per-
fect casts of the rhombs in a matrix of 
siliceous material. The same siliceous 
material became a muddy suspension 
when the silica reaction had not taken 
place. A photomicrograph of the acid-
etched surface with casts of dolomite 
rhombs, speaks for itself (Figure 1) and 
reaction rim growth on a machined 
rock surface duplicates the mechanism 
(Figure 2). 

This was the result of a unique three 
dimensional “tying together” of sili-
ceous material and poorly crystallized 
clay particles. The crystalline dolomite 
rhombs were immune. The chemical 
term for such a reaction is “polymeriza-
tion” except that it usually applies to 
molecules. In this case, the resulting 
polymers included not only the intro-
duced silica, but fragments of poorly 
crystalline material of silt and clay size. 
This may be a bit of a stretch for the 
word “polymer,” but my chemist friends 
agreed that it was definitive. After 
graduating and accepting a position at 
Colorado School of Mines, I prepared my 

thesis for publication in Clays and Clay 
Minerals (Bisque, 1960).

We believe that it was the first use 
of the word “polymerization” to define 
a product that contained fragments as 
well as the polymerizing molecules. 

That’s not the end of the story. Fast 
forward. Fifty-six years later, while 
working with coal-derived fly ash, we are 
characterizing three-dimensional poly-
mers that have inherited the name “geo-
polymers.” In the case of Class C ashes, 
water serves as the polymerizing agent 
when assisted by eight- and twelve-fold 
coordinated calcium. Fly ash fragments 

have surfaces that react and incorporate 
the ash into the 3-D polymer structure… 
hence “geopolymers.” Class F ashes are 
high in silica and alumina but do not 
contain enough calcium to allow polym-
erization. Addition of calcium or mixing 
with a class C ash produces geopolymers. 
Unlike Portland concrete which inherits 
its strength from slow crystal growth, 
fly ash geopolymers set up in minutes 
(Figure 3). With some seventy million 
tons of ash produced each year in the 
United States, we have an ample supply.

What a kick to meet the same mecha-
nisms after fifty-six years out of gradu-
ate school. We have now worked with 
fly ashes from a dozen sources and are 
able to predict the characteristics of the 
resultant polymers. Going beyond that, 
we are introducing additives in attempts 
to render the geopolymers useful for 
certain applications.
Bisque, R. E. 1960. Clay Polymerization 

in Carbonate Rocks; a Silicification 
Reaction Defined. Clays and Clay 
Minerals, v. 9, pp. 365-373. 

While professor at Colorado School 
of Mines (1959-1990), Bisque consulted 
for the Institute for Defense Analyses, 
Weapons Systems Evaluation, and 
worked on the geology of the NORAD 
installation. In 1964 he founded Earth 
Sciences, Inc. and consults for the suc-
cessor of that firm, ADA-ES of Littleton 
Colorado.

Ray Bisque CPG-01595  
Professor Emeritus, Colorado School of Mines 
Fellow, AAAS, ramon@bisque.com

Figure 1. Photomicrograph (X 60) of an acid-
leached siliceous polymer showing perfect 
“casts” of dolomite rhombs. This polymer 

was formed in rock from the Devonian Cedar 
Valley formation .

Figure 2. Successive 
acid leaching of a wafer 

cut from a machined 
block of argillaceous 
rock which has been 

silicified in the labora-
tory. The top photo-
graph demonstrates 

that penetration of the 
silicification may not 
be visible. The rock is 

imbedded in a concrete 
matrix. Note the lesser 
degree of silicification 
which has taken place 
at the carbonate rock-

aqueous solution inter-
face (middle photo). 
Lower photo shows 
unsilicified matrix 

leached away leaving 
the reaction rim.

Figure 3. Fly ash polymers in various forms. 
Hardness 3.5 – 4, Densities 1.8 – 2.1, courtesy 

of ADA-ES, Inc.
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editor’s corner

Robert A. Stewart, CPG-08332

Transdisciplinary 
Education – Caveat Emptor!

This issue includes an article by 
seven professors who are part of the 
School of Earth and Space Exploration 
(SESE) at Arizona State University 
(ASU). All have impressive academic 
credentials, and may safely be described 
as geologists, despite ASU President 
Michael Crow’s decision to eliminate 
ASU’s Geology Department as part of 
his initiative to create a New American 
University based on transdisciplinary 
teaching and research. SESE’s article 
was written in response to a previous 
article in the September/October issue 
of TPG, Geological Education Today, 
by Dr. David King of Auburn University. 
King took issue with Crow’s message, 
Citizen Science U., published in the 
October 4, 1212 edition of Scientific 
American.1 Although it was not possible 
to reprint Crow’s original article in this 
issue of TPG, I encourage you to read it 
to better understand the basis for King’s 
essay. 

Significantly, Crow’s article carries 
the subtitle “The best way to teach 
today’s hyperconnected students is to 
get rid of the departments of geology 
and biology.” Moreover, SA includes a 
series of four summary statements at 
the bottom of the first page of Crow’s 
article, somewhat as a footnote, entitled 
In Brief. This device serves as a hook, 
and also accommodates readers whose 
attention spans are too short for even 
a two-page essay. Nonetheless, the four 
statements do express the essence of 
Crow’s thoughts, paraphrased as fol-
lows.
1. Colleges and universities educate 

future teachers, and are therefore 
responsible for scientific literacy.

2. STEM education through the tradi-
tional approach has failed most stu-
dents because of mono-disciplinary 
academic structures, e.g., a tradi-
tional geology department, laced 

with intimidating requirements in 
collateral subject matter of dubious 
applicability to today’s student.

3. ASU adopted a transdisciplinary 
approach to improve its STEM cur-
ricula. In doing so, various tradi-
tional departments were eliminated 
(geology, biology and others) and 
reconfigured into broad-spectrum 
schools such as SESE.

4. Over the past decade as ASU, total 
enrollment in STEM curricula has 
doubled, with significant increases 
for women and minorities.

Crow describes part of the ASU strat-
egy to provide STEM for the masses 
thusly:

“The College of Technology 
and Innovation at our 
Polytechnic campus focuses 
on use-inspired translational 
research and offers students 
interested in direct entry into 
the workforce an experiential 
learning environment. These 
‘differentiated learning plat-
forms’ offer students with vary-
ing degrees of preparation 
access to excellence in cutting-
edge STEM education.”
I read this statement as an explicit 

acknowledgment that not all incoming 
students are adequately prepared for 
those degree programs that require 
challenging prerequisites and advanced 
coursework in the actual major, geology 
or otherwise. Therefore, the rigor of 
individual STEM degrees will vary in 
proportion to the skills of the students. 
So is a “differentiated learning platform” 
really just pedagogical jargon for a cur-
riculum that is diluted in response to 
student capabilities? You be the judge.

Moreover, is transdisciplinary edu-
cation really what’s required to make 
STEM teaching effective? Quite possibly 

not, at either ASU or other colleges and 
universities in the United States. Over 
the same decade that ASU has seen 
STEM enrollment double, the nation-
wide outcome of undergraduate educa-
tion also has been studied, as explained 
in Academically Adrift, published in 
2011.2 The narrative of Adrift runs to 
only 144 pages and is as provocative 
as Crow’s short editorial. Adrift con-
cludes that nationwide, undergraduate 
education is unsuccessful in improving 
upon a wide range of basic skills such 
as critical thinking, complex reasoning 
and writing. 

Adrift’s data indicate that students 
who are challenged by rigorous courses 
and exacting faculty expectations learn 
more than those who do not. Positive 
educational outcomes should therefore 
be proportionally better for focused 
degrees that require advanced train-
ing with increased faculty involvement. 
Adrift provides compelling evidence for 
this thesis, which implies that trans-
disciplinary degrees, with breadth but 
lacking depth, are unlikely to provide 
much in the way of higher education. 
Adrift suggests that the underlying 
cause of this failure is the variety of 
distractions that students expect to be 
an integral part of the college experience: 
socializing, leisure activities, athletics, 
and so forth. Compounding the prob-
lem is a lack of self-discipline to focus 
on the academics and a desire to enjoy 
learning for its own sake – collectively, 
these factors cited by Adrift equate to 
the hyperconnectedness cited by Crow. 
Comedian Dennis Miller memorably 
quipped that our accelerated culture has 
given us “the attention spans of ferrets 
on a triple espresso.”

1. Link available on AIPG’s eNews of Tuesday, January 28, 2014.
2. Richard Arum and Josipa Roksa. 2011. Academically Adrift – Limited Learning on College Campuses. University of Chicago Press, 

259 pp.

Continued on page 21.
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letter to the editor

Re: Response to the david 
King article in The Professional 
Geologist (volume 50 number 5, 
Sept/Oct 2013) and to the edito-
rial by Robert A. Stewart in the 
same issue.

Dear Editor,
We read with interest David King’s 

commentary regarding trends in 
geoscience education (The Professional 
Geologist, volume 50 number 5, Sept/Oct 
2013) and Robert A. Stewart’s ‘Editor’s 
Corner’ in the same issue. While we 
share Prof. King’s deep concern for the 
way we train geoscientists of the future, 
we were shocked at his inappropriate 
and inaccurate attack on undergraduate 
degree programs in the Arizona State 
University (ASU) School of Earth and 
Space Exploration (SESE). Obviously we 
come to different conclusions regarding 
the desirability of recent trends in geo-
logical education, and we most strongly 
disagree with the characterization of 
our program as ‘diluted geoscience’. We 
welcome the opportunity to describe to 
the AIPG community the strengths and 
philosophy behind our program.

Our philosophy values an educa-
tional environment that encourages 
the cross-pollination of ideas in sci-
ence and engineering while preserv-
ing – not eliminating – the traditional 
strengths of formal curricula in these 
fields. We continue to offer a B.S. pro-
gram in geology by means of our vibrant 
Geological Sciences Concentration in the 
B.S. in Earth and Space Exploration 
(http://sese.asu.edu/bs-geosciences). 
This degree provides an undergradu-
ate education in geology that is indis-
tinguishable in all critical ways from 
that of a more traditional program and 
that is enriched by a number of unique 
characteristics. A major feature of our 
B.S. in Earth and Space Exploration 
degrees (which include concentra-
tions in Astrophysics, in Astrobiology 
and Biogeochemistry, in Exploration 
Systems Design, as well as Geological 
Sciences) is a common set of first-
year courses that include ‘Introduction 
to Exploration’, a one-semester course 
that provides a common quantitative 
(MATLAB-based) background of basic 
physical science and engineering prin-
ciples in the context of hands-on expo-
sure to planetary sciences and project 
building. First-year students are also 
required to take a two-semester, lecture 
+ laboratory course sequence (‘Earth, 
Solar System and Universe’) that sur-

veys physical geology, historical geol-
ogy, planetary science and astronomy 
in a quantitative and interdisciplinary 
manner. These three courses together 
provide a common background for all of 
our 200+ B.S. students before each con-
centration group branches off into spe-
cialty courses. These first-year courses 
provide the ‘new spirit of engagement in 
scientific and technological futures’ that 
ASU President Michael Crow espouses 
and which we fully embrace. 

Subsequent required courses include 
Structural Geology, Mineralogy (which 
includes an introduction to optical miner-
alogy) and 6 units of Field Geology (I and 
II, which we offer every year, despite Prof 
King’s claim to the contrary). In response 
to other statements made, we in fact do 
teach Historical Geology (to over 100 
students per semester) and Paleontology 
every year. Students in the Geological 
Sciences concentration also must take 
two upper-division ‘branch courses’ 
and three upper-division electives in 
geoscience from a list of courses that 
includes Geomorphology, Geophysics, 
Paleontology, Hydrology, Petrology, 
Sedimentology and Geochemistry. We 
are especially proud that our Geological 
Sciences concentration continues to have 
a strong field component when many pro-
grams in the United States are reducing 
this essential element of an undergradu-
ate education in the geosciences. Our 
Field Geology I and II courses, taught 
during the spring and summer terms, 
respectively, have all the hallmarks of 
a traditional field camp, with extensive 
geologic mapping and field-based prob-
lem solving. Advanced Field Geology is 
an elective course also taken by many 
of our students. Additionally, many of 
our undergraduate courses take advan-
tage of Arizona’s generally mild climate 
and excellent geology through frequent 
inquiry-based field trips. Students who 
concentrate in Geological Sciences are 
also required to take three semesters 
of calculus, two semesters of chemistry, 
and two semesters of physics. 

Far from being a ‘diluted’ major, 
our Geological Sciences concentration is 
among the broadest and most rigorous 
undergraduate programs in the geologi-
cal sciences offered by any university. 
Our students are well-prepared for tra-
ditional careers in the earth sciences; 
some are employed right out of school 
by the oil and minerals industries and 
environmental consulting firms, and 
many have gone on to graduate programs 

at major universities, both in the United 
States and abroad.

Our goal is to prepare students to 
build their careers in a world under-
going rapid change, one that requires 
agility, flexibility, and the ability to 
work and communicate with individuals 
from multiple disciplines. Both our B.S. 
and B.A. programs emphasize writing, 
critical thinking and interdisciplinary 
collaboration – all skills that employers 
tell us repeatedly are paramount for 
students to have. While our B.S. degree 
is designed for students who will pursue 
a career in science, our B.A. degree in 
Earth and Environmental Studies is 
designed to provide traditional liberal 
arts majors with a strong appreciation 
for and literacy in earth and environ-
mental sciences. Many of them pursue 
concurrent majors in ASU’s School of 
Sustainability. The courses that Prof. 
King is concerned about in the B.A. major 
(Dynamic Earth; Oceans, Carbon, and 
Climate; Earth’s Critical Zone; Water 
Planet; Dangerous World; and Habitable 
Planet) give students a broad earth-
science based education in environmen-
tal science and management with an 
emphasis on surface processes and are 
titled to attract students to this dynamic 
new major. Graduating students have 
gone on to positions in environmental 
consulting, the Arizona Department of 
Water Resources, and graduate pro-
grams in environmental management.

While many of his comments regard-
ing our educational programs are mis-
guided, Prof. King is right that we all 
must be vigorous in ensuring that our 
students are fundamentally well trained 
despite today’s rapidly changing univer-
sity climate. But we also need to recog-
nize that ours is a diverse and dynamic 
discipline that is itself evolving rapidly. 
Students today need to learn much of 
what has been included in a traditional 
curriculum while embracing many new 
topics and skills such as computer pro-
gramming, GIS database development 
and management, and the integration of 
systems science and systems engineer-
ing. In SESE, we offer strong geoscience 
degrees and produce well–trained stu-
dents. We urge employers to consider 
our students carefully; you will find our 
students to be extremely well-prepared. 
And we urge students and potential 
students to look at SESE and ASU 
carefully; we offer modern, complete, 
and challenging programs in geological 
sciences (and other concentrations) that 
lead to excellent careers in the sciences. 
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letter to the editor

We are changing with the changing 
needs of society, but make no mistake: 
we produce outstanding students with 
outstanding capabilities.

Sincerely,
James Tyburczy, Interim 

director, SESE
Kip hodges, Foundation 

Professor and Founding director
Ramon Arrowsmith, Professor 

Steven Semken, Professor
Thomas Sharp, Professor

Edmund Stump, Professor
Kelin Whipple, Professor

  
Arizona State University 

PO Box 876004
Tempe, AZ 85287-6004

480-727-2451

Introduction: Field camp in geology 
and geological engineering programs is a 
unique and priceless experience in which 
students and faculty members live in a 
compound for five or six weeks of col-
laborative activities. When asked, most 
students will remember their field camp 
vividly, and testify that it was the best 
part of their college education.

history: The Black Hills Natural 
Sciences Field Station (BHNSFS) was 
established in 1967 to provide summer 
experiences in geology, biology, and 
archeology. It was a cooperative effort of 
most of the South Dakota colleges and 
universities, and received state funding 
to aid in the administrative and planning 
functions. In the early 1970s administra-
tion of the station was transferred to 
the South Dakota School of Mines and 
Technology (SDSMT). Interest in the 
biology and archeology courses declined, 
as did support from other state colleges 
and the yearly funding was subsequently 
exchanged for a main-frame computer 
for the SDSMT campus. In 1979 Dr. 
James Martin, CPG-07367,  was hired 
to develop the summer field camp in 
geology and geological engineering. Field 
camps in those years routinely had up 
to 50 students per session. As enroll-
ments dropped in geosciences in the 
1980’s, Dr. Martin worked to establish 
a consortium of six universities whose 
students, and some of the geology and 
geological engineering staff, allowed for 
healthy continuation of the summer 
field camp. Subsequently, direction of 
the station passed to Dr. Jack Redden, 
then to Dr. Perry Rahn, CPG-03724,  
and then to Dr. Colin Paterson of the 
SDSMT Department of Geology and 
Geological Engineering. In the past 
seven years, under the leadership of Dr. 
Nuri Uzunlar, the BHNSFS consortium 
has continued, with four participating 
members, and an international field 
camp was established in Turkey in 2004.

Current Camps: Today, the BHNSFS 
is the world’s largest field school offer-
ing summer camps on four continents, 
with options in geology, geological engi-

neering, environmental geology and 
engineering, volcanology, geomorphol-
ogy and geo-hazards. Since 2006, the 
BHNSFS has also offered geology youth 
camps for middle and high school stu-
dents.

In the summer of 2013, 33 instructors 
and 228 students from 73 institutions 
across the USA, Canada, China, Turkey 
and Suriname mapped geologic environ-
ments ranging from volcanoes to fault 
zones in Hawaii, Turkey, Iceland, Nepal, 
India, Ecuador, the Galapagos Islands, 
and the Black Hills of South Dakota and 
Wyoming. 

The students in Iceland Volcanology 
Field Camp develop a sense of the dis-
tinctiveness of the Icelandic culture and 
history, and the significance of geology in 
shaping that culture. They learn about 
the history of the country, including how 
tephrachronology has been critical in 
archaeology, while studying volcanoes, 
e.g., Hekla, and visit the archaeological 
site of a farm abandoned in the wake of 
the 1104 eruption. 

While mapping volcanic rocks high in 
the Andes as well as in the Galapagos 
Islands, students encounter a variety 
of people and cultures while spending 
time in small mountain villages and in 
the city of Quito. 

In Hawaii, students realize how 
Hawaiian culture and myths are inter-
laced with historical volcanic activity. 
Furthermore they appreciate the rich 
complexity of what initially appeared to 
be a monotonous basaltic lava flow. 

The camp in India takes students 
across colorful cultural boundaries 
while mapping in a variety of environ-
ments ranging from charnockites near 
Tiruvannamalai to shoreline contami-
nations in mangroves on the coast of 
Andaman Islands.

In Nepal, students learn to live in 
a high altitude culture while mapping 
in the spectacular Himalayan realm. 
They live and work with Sherpas in the 
shadows of Mt. Everest where they get 
immersed in local culture and religion. 

Mapping The Globe 
Geologically and Culturally

dr. nuri Uzunlar, director, Black 
hills natural Sciences Field 
Station. nuri.uzunlar@sdsmt.edu

Crow cites dramatic enrollment 
increases in life sciences, engineer-
ing and technology, and notably for 
women and minorities in STEM curri-
cula. These are the immediate metrics 
used to demonstrate success. Perhaps 
so, if the goal is to fill seats in the class-
room, physically or on-line, but does 
this lead to meaningful, post-graduate 
employment with a self-supporting 
salary? A wide range of data argues 
not, and I touched on this matter in 
my previous column in the November/
December TPG.

In respect to the geoscience program 
at ASU, Crow’s actions are not unique, 
as King notes. Those AIPG members 
who graduated prior to about 1990 will 
have noticed the shift to transdisci-
plinary geoscience education. 

King’s central points remain. 
Geological licensure or registration 
is a requirement in 30 states plus 
Puerto Rico. Advanced skills and spe-
cialties are more in demand than ever 
before. Universities face increasing 
financial pressure to maintain enroll-
ments. Given the cost to the student 
for an undergraduate degree, and 
the increasingly uncertain link with 
post-graduate employment, the tradi-
tional model of higher education is in 
question. Transdisciplinary education 
is appealing in some respects, but 
students should be educated of its 
long-term disadvantages as well. 

Continued from page 19.
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Robert G. Font, CPG-03953

test your Knowledge

Answers on Page 24 

1. In the “youthful” stage of stream erosion, which of the following should not be expected?

 a) V-shaped valleys
 b) Down-cutting power
 c) Oxbow lakes

2. Which of the following is considered as a common rock-forming mineral?

 a) BaSO4
 b) CuFeS2
 c) NaAlSi3O8

3. Which of the following mollusk is not an important “bivalve” specimen commonly found the in the Jurassic-Cretaceous 
time frame?

 a) Exogyra
 b) Scaphella
 c) Durania

4. In our geophysical studies we recall that centripetal 
acceleration (ac) is ac = ω2R, where (ω ) is angular 
velocity. Then, knowing that the Earth’s equatorial 
radius is about 6,400 kilometers and that it rotates 
once each day, calculate (to a first approximation) 
the centripetal acceleration of a point on its surface 
at such latitude:

 a) ac = 8.91 x 10-2 meters/second2

 b) ac = 3.39 x 10-2 meters/second2

 c) ac = 1.32 x 10-2 meters/second2

 d) Will this math nightmare ever end?

Geoscience Online  
 Learning Initiative  

 (GOLI) - AGI/AIPG
You, as an AIPG Member, are invited and encouraged to 

submit a presentation to be given online for the Geoscience 
Online Learning Initiative (GOLI). AGI and AIPG have 
teamed up to build a portfolio of online learning opportunities 
to help support the professional development of prospective 
and early-career geoscientists as well as addressing topics of 
interest to the broader geoscience profession. GOLI courses 
support both synchronous and asynchronous online learning, 
and count toward continuing education units (CEU’s).

A $200 stipend and 10% share of registration fees are pro-
vided to the presenters (details on presenters guide).

If you are interested please read the GOLI - AGI/AIPG 
Presenters Guide and Guidelines and Suggestions for Webinar 
Presentations on the AIPG National website (www.aipg.org).

AIPG 
303-412-6205 

 www.aipg.org
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president’s message

Raymond W. Talkington, CPG-07935 
rtalkington@geospherenh.com

Fasten Your Seat Belts

I am sitting in the airport in Boston 
waiting for a flight to Toronto to attend 
the Geoscientists Canada Board of 
Directors Meeting. It seems like yes-
terday that I, like many of you, was in 
Broomfield, Colorado for the 50th AIPG 
Annual Meeting. This was a great time 
and an honor to see so many of the 
founders and charter members of AIPG 
in attendance at this meeting. Thank 
you for your vision and dedication to our 
profession.

We now embark on our next 50 years 
with the same vigor and enthusiasm. 
We should always know what brought 
us to where we are today. However, are 
there areas we need to change? Shall 
we stay the course? We have watched 
and been part of many changes in geol-
ogy especially the development of the 
environmental and groundwater aspects 
of our profession. We have seen monu-
mental changes in geology programs in 
our colleges and universities. During 
this metamorphosis we have also seen 
and embraced the use of computers 
and the world-wide web. No longer are 
we communicating by telephone and 
mail, but now by email, text messages, 
and other forms of e-communications. 
With these changes our profession has 
changed. The type of geological training 
has changed. As such, AIPG is embrac-
ing these changes to meet the demands 
of our clients and the profession.

Let’s look forward to the next 50 years 
and get into high gear. Here are a look 
at activities and goals for 2014.

Geologic time moves at a snails pace 
compared to our everyday lives. Not that 
this is bad. AIPG has been slow with 
integrating the young geoscience profes-
sionals into the decisions made for the 
organization at the National Level (i.e. 
the Executive Committee). There has 
been no particular reason for this other 
than employers are reluctant to let their 
junior staff attend these meetings. I’m 
sure there are other reasons to consider. 

That is the past. As we look forward, it is 
my goal to embrace our young geoscience 
professionals (or YPs) and begin to inte-
grate them into the planning and deci-
sion making of AIPG. As professionals, 
one of our key responsibilities in our 
respective organizations is to mentor 
incoming junior staff. To some of us this 
is a task we look forward to when a new 
employee comes on board. You are given 
the responsibility to pass on and share 
the knowledge you have acquired over 
the years. We should never walk away 
from this task as you have been identi-
fied by your employer as a mentor and 
teacher to pass on many skills. You also 
have the opportunity to learn something 
new from the YP. The AIPG Executive 
Committee will be working closely with 
the Foundation of the AIPG to develop 
YP programs. This will be exciting and I 
would like all of us to ask ourselves how 
we can help contribute to make this YP 
program a success. I’ll be talking a lot 
about this over the coming year.

A natural extension of the YP program 
is attracting and retaining geoscience 
students. AIPG has done a fantastic 
job with recruiting student members at 
geology meetings around the country. 
Once a student has graduated from uni-
versity, we have only been able to retain 
about 6% into our membership. This is 
a low percentage, but higher than most 
all other geological organizations! We 
need to work with our AIPG Sections to 
develop more Student Chapters in order 
to improve our student retention. I have 
asked Ron Wallace, CPG-08153, and 
Dennis Pennington, CPG-04401, to take 
on this task of increasing the number of 
Student Chapters for 2014.

In 2013, Vice President Jim Jacobs, 
CPG-07760, suggested to the Executive 
Committee that we find a mechanism 
to thank many of our membership who 
contributed to AIPG at the National 
and/or Section levels or to the geo-
logical profession. He researched many 

scientific organizations to see how they 
recognized their professionals. Some of 
these organizations had a Fellows desig-
nation. The meaning and requirements 
were unique for each organization. No 
action was taken on this research in 
2013. However, I do not want to let this 
drop in 2014. Rather, we are using Jim’s 
research and information we received 
from Geoscientists Canada to develop 
a Fellows Program for AIPG. More to 
come soon.

Here are a few more activities for 2014 
–Web page updates; President visits 
to Sections (I’m working on a schedule 
now so let me know if you would like a 
visit to one of your meetings, meet with 
students, present awards on behalf of 
AIPG); and student poster awards at 
the Annual Meeting in Prescott, Arizona. 

Enjoy the Student Issue and I look for-
ward to updating you throughout 2014.

Before I leave you, I want to thank 
2013 President Ron Wallace for being a 
leader of immeasurable energy and the 
catalyst for spearheading the develop-
ment of Student Chapters. AIPG is a 
much improved organization thanks to 
his efforts.

We see a new AIPG President each 
year, however a constant over the last 
decade and a half has been our Executive 
Director Bill Siok, CPG-04773. Bill will 
be retiring in 2014 and turning the reigns 
over to a new Executive Director. Bill 
was our leader who pulled AIPG up from 
the ashes and leaves a vibrant and strong 
organization poised for the next 50 years. 
I personally express my gratitude to Bill 
for all that he has done for AIPG. I wish 
Bill and Gail the best in their retirement 
and we should all let them know that 
they will be missed.

The next 50 years will be as success-
ful as the first 50 years. I look forward 
to working with all of you during the 
coming year to continue the tradition of 
our great professional geological orga-
nization.  



24	TPG	•	JAN/FEB/MAR	2014 www.aipg.org

answers to questions on page 22

Answers:
1. The answer is choice “c” or “oxbow lakes”, abandoned stream meanders. 
 Oxbow lakes are U-shaped bodies of water formed when a wide meander from the main river channel is cutoff creating a 

lake. 
 In contrast, V-shaped valleys and down-cutting power are quite characteristic of young streams and of a youthful stage 

of stream erosion.

2. The answer is choice “c” or “albite” or “sodium plagioclase” or “NaAlSi3O8” 
 Albite is a member of the plagioclase feldspar family and a silicate mineral, the Earth’s most abundant and common group 

of rock-forming minerals. For silicates, the basic building block is the silicon tetrahedron SiO4. Thus, silicates contain the 
SiO4 structure, either isolated or joined to other groups in chains, sheets, or three-dimensional groups along with metallic 
elements.

 Choice “a” defines the sulfate mineral “barite” or BaSO4. Sulfates are mineral compounds characterized by the radical 
SO4 or the sulfate anion (SO42-).

 Choice “b” describes “chalcopyrite” or CuFeS2, a sulfide mineral. Sulfides contain (S2-) as the major anion and generally 
combines with metals to form important ores. 

3. The answer is choice “b” or “scaphella”, a gastropod present in the geologic record since the Cretaceous Period of the 
Mesozoic Era as well as throughout the Cenozoic Era. 

 Both “exogyra” (ostreacea) and “durania” (rudistacea) are important pelecypods that were prolific in the Jurassic-Cretaceous 
seas.

4.  The answer is choice “b” or “ac = 3.39 x 10-2 meters/second2”. The proof follows:

 Given: 
 R = 6,400 kilometers = 6.4 x 106 meters   (1)
 T = 24 hours = (24)(60)(60) = 8.64 x 104 seconds  (2)

 Then:
 ω = Δθ/Δt        (3)
 ω = (2p radians)/( 8.64 x 104 seconds)    (4)
 ω = 7.27 x 10-5 radians/second     (5)

 And:
 ac = Rω2       (6)
 Substituting (1) and (5) into (6), we obtain:
 ac = (6.4 x 106 meters)( 7.27 x 10-5 radians/second)2  (7)
 ac = 3.39 x 10-2 meters/second2    (8)

 Equation (8) is the answer to our problem and matches choice “b” above.

 Should I Become a CPG?
Have a you been thinking about upgrading your membership to CPG? If the answer is yes, What are 

your waiting for? To find out if you have the qualifications go to Article 2.3.1 of the AIPG Bylaws. The 
AIPG Bylaws can be found on the AIPG website or the directory.

The CPG application can be found on the website under ‘Membership’. Just follow the instructions. The 
basic paperwork includes the application, application fee, transcripts, geological experience verification 
and sponsors.

If you have any questions, you may contact Vickie Hill, Manager of Membership Services at aipg@
aipg.org or call headquarters at 303-412-6205. www.aipg.org

 executive director’s column
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answers to questions on page 22

William J. Siok, CPG-04773

 executive director’s column

Post Graduate Career

A rather constant theme among pro-
fessional geoscience society membership 
is in regards how best to assist students 
in finding post-graduate employment. 
I find it perplexing that our profession 
does not have a more effective means 
of providing comprehensive informa-
tion to students about career options. 
Information is available, of that there 
is no doubt. Unfortunately, it may not 
be sufficiently centralized, prominent-
ly advertised to students, or complete 
enough to advise them of the myriad 
options available to them upon gradu-
ation.

 Once we are employed within the 
profession, we have a natural predilec-
tion to be members of the society or 
institution which best represents our 
specialty discipline. The academic world 
is focused through GSA, the energy 
industry is represented by AAPG, etc. 
AIPG in representing many disciplines 
also provides a vehicle through which 
practicing geoscientists can learn about 
credentials necessary and desirable for 
working in the applied fields.

 Most of the AGI federated societies 
provide information to the member-
ship about employment opportunities, 
and AGI provides some very useful 
insight regarding various geoscience 
career options. Perhaps it’s beyond the 
ability and resources of the geosciences 
community as presently organized to 
create a more complete narrative for 
students planning careers or seeking 
employment. 

 This short commentary alas does not 
contain even a kernel of a concept of how 
a career resource for students might be 
developed. (It’s somewhat of a fascinat-

ing observation that once employed, the 
practitioner usually has limitless ways 
to learn about and explore employment 
opportunities. It is unfortunate that 
the profession cannot devise a means 
to provide similar access to employment 
information to students in search of the 
first professional job.)

 One successful approach which is 
continually reinforced by the very fact 
of its effectiveness as a source of cred-
ible information about job opportunities 
is the network within each professional 
society. I believe all professional organi-
zations recognize this and promote the 
efficacy of networking as an excellent 
reason for becoming a member of the 
respective society. 

 At least two challenges present 
themselves for our consideration. The 
first being the impracticality (not to 
mention expense) of active student par-
ticipation in more than two or three of 
the extant geoscience societies. This 
leads to questioning how best to advise 
students about the employment options 
circulating unofficially within the mem-
bership of a given society. The second 
is the existence of barriers to extending 
respective organization networks into 
one all-encompassing NETWORK. I 
believe I am not alone in the geosci-
ences in my conviction that, based upon 
the estimated number of practitioners, 
there are simply too many separate soci-
eties in competition with one another. 

 Perhaps all within (and even without) 
the professional could be better served 
with some consolidation. Employment-
seeking students would certainly ben-
efit from a centralized career and jobs 
database.

Scientists Create 
‘Micro-Windmills’ That 
Could Power Your 
Cellphone

Researchers at the University of 
Texas Arlington have developed tiny 
“micro-windmills” so small that ten 
of them can fit on one grain of rice. 
If you were to glue a hundred of 
them onto a cell phone case and hold 
it out the window, researcher J.C. 
Chiao says, you could potentially 
revive your dead phone in just a few 
minutes. The 1.8mm-wide windmills 
look pretty fragile, but UTA says that 
their flexible nickel alloy components 
can stand up to strong winds without 
fracturing.

Taiwanese fabrication foundry 
WinMEMS has arranged exclusive 
rights to commercializing the con-
cept, and has already begun work on 
potential applications. “These inven-
tions are essential to build micro-
robots that can be used as surgical 
tools, sensing machines to explore 
disaster zones or manufacturing tools 
to assemble micro-machines,” UTA 
says. “Flat panels with thousand of 
windmills could be made and mount-
ed on the walls of houses or building to 
harvest energy for lighting, security 
or environmental sensing and wire-
less communication.”

Tiny windmills might not be the 
energy crisis panacea you had in 
mind, but thinking outside the box 
will very likely get us there.

Information from the 
SIGMA XI SmartBrief 

January 13, 2014
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Compiled by david M. Abbott, Jr., CPG-04570, 
2266 Forest Street, denver, CO 80207-3831, 
303-394-0321, fax 303-394-0543, dmageol@msn.com
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Topical Index-Table of 
Contents to the Professional 

Ethics and Practices Columns
A topically based Index-Table of 

Contents, “pe&p index.xls” cov ering col-
umns, articles, and letters to the editor 
that have been referred to in the PE&P 
columns in Excel format is on the AIPG 
web site in the Ethics section. This Index-
Table of Contents is updated as each issue 
of the TPG is published. You can use it to 
find those items addressing a particular 
area of concern. Suggestions for improve-
ments should be sent to David Abbott, 
dmageol@msn.com

The Erosion of the 
Geoscience Curriculum

david King’s article, “Geological 
Education Today,” in the Sep/Oct ′13 
TPG, reports on a troubling trend that 
is not new. King asks, “What is and is 
not in the typical BS degree in geol-
ogy and how it relates to the ASBOG 
fundamentals exam and professional 
licensure in general are an important 
issue for all of us to understand.” AIPG’s 
Education for Professional Practice1 pro-
vides a list of fundamental geoscience 
and related courses that form the foun-
dation needed for geoscience practice, a 
list not unlike what is expected of those 
taking the ASBOG exam. King points out 
that increasing numbers of BS-granting 
institutions are failing to require their 
graduates to take, and may not even 
offer, many of these basic courses. As a 
result, graduates of these institutions 
are having increasing difficulty in pass-
ing the ASBOG exams.

In column 22 (Sep ′97) I addressed the 
question posed by the late Seena hoose 
of the California Board of Registration 
for Geologists & Geophysicists, “Is 
‘Geobasket Weaving’ Contributing to the 
Failing Pass Rate?” Hoose attributed the 
decline in the pass rate on California’s 
geology licensing exam to a lack of basic 
training in geology and the growth of 
what she termed “geobasket weaving” 
degrees whose holders lacked basic field, 
structure, mineralogy, stratigraphy, and 
similar courses that are fundamental to 
all areas of geologic practice.2 

nancy Price, SA-0382, in her 
Student’s Voice column 18, “Erosion of 
the geosciences curriculum,” (Jan/Feb 
′07) addressed the same issue. Price 
commented, “Geology, in my opinion, 
is up there among the most difficult of 
the science majors, expecting students 
to be good at a little bit of everything 
(trigonometry, physics, calculus, chem-
istry, biology, and computer technolo-
gies) on top of learning mineralogy, 
petrography, microscopy, stratigraphy, 
sedimentology, field techniques, and 
other geology-based topics. Does it make 
any sense to you that professionals and 
professors continue to lament the ero-
sion of the geology curriculum?” Carla 
Montgomery, MEM-0578, of Northern 
Illinois University, told me that the ero-
sion of the geoscience curriculum was 
a problem at her university during the 
recent GSA Annual Meeting.

In “The Changing Face of Academic 
Geoscience Training,” (column 128, Jul/
Aug ′10), I explored the ramifications 
of such changes including the change 
in research focus from field studies to 
laboratory studies. I noted then that 
“Interdisciplinary studies are fine so 
long as you have a solid foundation in 
at least one if not each of the areas you 
want to practice in. For example, one 
could obtain both an MD and a PhD in 
geology to study the effects of geologic 
environments on human health.” The 
fact that fewer and fewer schools offer 
field camp was discussed. I followed up 
with “Field Camp: it’s not optional for 
the professional” in column 131, Jan/

Feb ′11). Kristina Pourtabib, SA-3410 
and our newest Student’s Voice colum-
nist, provided an excellent article on 
the importance of field camp in her “A 
Capstone Experience” (Sep/Oct ′13).3

At the recent GSA Annual Meeting, 
I was asked to participate in two sepa-
rate luncheons in which students could 
meet with practicing professionals to 
learn about what they would need for 
a successful geoscience career. All the 
professionals at these luncheons agreed 
that a broad background in fundamental 
geoscience topics was needed in order to 
allow one to switch specialties or at least 
emphasis within a specialty in response 
to the cyclical nature of much geoscience 
employment. 

A cousin of mine completed an envi-
ronmental studies degree a number of 
years ago at a well-respected univer-
sity. Unfortunately, he didn’t have a 
fundamental background in geology, 
chemistry, or biology and therefore could 
only get field technician-level jobs in the 
environmental industry. For those stu-
dents not planning a professional career 
in the geosciences, obtaining one of these 
light-weight and broad-brush degrees 
may be appropriate, but they are in for 
an unpleasant surprise if they go looking 
for professional level jobs.

Robert Stewart’s, CPG-8332, Nov/
Dec ′13 Editor’s Corner column, “The 
Future of Colleges and Universities—
Quo Vadis?” provides a different per-
spective on the evolution of collegiate 
education. Even if 50% of colleges and 
universities fail by 2030, many will 

1. 2007, http://aipg.org/Publications/pdf/EducforProfPrac.pdf
2. At the time, California was not using the ASBOG exam.
3. There are 8 entries under “field camp” in the Student Topics index by 7 different authors on the AIPG website.
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remain. Those that do remain will be 
those that offer meaningful educa-
tion, particularly for the professions. 
There will be fewer institutions offering 
geoscience degrees but those that do 
will, hopefully, be offering the courses 
required for professional practice.

new Student—Young 
Professional Member 
documents Location on 
the AIPG website

AIPG has published over 230 articles 
and other documents specifically address-
ing topics of interest to students and 
young professionals in The Professional 
Geologist and as independent documents 
over the years. These articles have been 
collected into a new location on AIPG’s 
website along with a topical index of 
the articles in an Excel file that will 
assist you in locating specific articles 
and documents addressing a specific 
topic. The location of these documents 
is http://aipg.org/Students/student-
topics/Student%20topics%20index%20
linked.xlsx.

Included in this collection are all of 
the Student’s Voice columns, the articles 
for students published in the January 
issue of the TPG over the past several 
years, other student-authored articles, 
etc. Over the years, a wealth of useful 
information and advice is included in 
this collection, which will be updated as 
each issue of the TPG is published.

Which Grad School  
or Job?

Kristina Pourtabib’s, SA-3410, Nov/
Dec ′13 Student’s Voice column, “Settling 
In,” addresses some very important 
questions for those college seniors trying 
to decide which graduate school or job 
to apply for. She notes that you should 
“make sure that you are really interested 
in the research project or area [or job 
type] that you are focusing on. In my 
opinion, it is very easy for someone to 
fall out of love with the work that they 
are doing, but it is difficult for someone 
to fall in love with the work that they 
are doing if they were never passionate 
about their research topic [or job type] in 
the first place.” Pourtabib advises that 
visits to the campus of the schools you 
are interested in and interviews with 
the professors you’ll be working with 
are very important. Perhaps things will 
work out okay if you don’t make these 
visits, but reducing the likelihood of a 

misfit is warranted. I remember that I 
later learned that at one of the schools I 
applied for graduate school, which had a 
good reputation, the grad students gath-
ered in the late afternoons to complain 
about various problems with the depart-
ment. One of my fellows from undergrad 
school went to this institution and left 
after a semester or two. The same advice 
applies to jobs. Even within a chosen part 
of the geoscience profession there are 
employers with whom you will prosper 
and those you will not.

disciplinary Procedures 
Are not Run by the Queen 
of hearts

In mid-November a report written by 
a CPG asserting that billions of ounces of 
gold and silver occurred on six essential-
ly unexplored association placer claims 
in Nevada generated quite a stir in the 
junior company mining press. Many 
mining professionals wondered in emails 
that flew around and at the Northwest 
Mining Association annual meeting why 
AIPG had not already taken action 
against the CPG author. Those express-
ing this opinion apparently believe that 
disciplinary procedures, whether AIPG’s 
or those of any other organization, are 
run by the Queen of Hearts from Alice’s 
Adventures in Wonderland who’s “Off 
with his head” seemed to be her favorite 
utterance. That’s not the way the process 
works, nor should it.

When a potential ethical violation 
occurs, the first thing that needs to hap-
pen is that you, the person who becomes 
aware of the problem, needs to inform the 
appropriate authorities, such as AIPG, 
that there might be a problem. This 
initial allegation needs to be supported 
by documents and thoughtfully written 
out facts that allow a decision to be made 
regarding whether or not a potential 
ethical violation has occurred. Section 
1.3 of the AIPG Disciplinary Procedures 
states: “Allegations shall be made in 
writing; shall be based on the personal 
knowledge of and be signed by the person 
making the allegations, shall identify the 
member or applicant against whom the 
allegations are made (the respondent), 
and shall describe the conduct giving rise 
to the alleged violation(s). Allegations 
shall be accompanied by copies of any let-
ters, reports, documents, or statements 
upon which the allegations are based, 
and a list of persons (potential witnesses) 
who have personal knowledge of the mat-
ter, including a brief statement of what 

the knowledge of each such witness is 
alleged to be.”

Once an allegation is received by 
AIPG (either through the Executive 
Director or directly to the Chair of the 
Ethics Committee), it is reviewed to 
determine what further action is needed. 
In some cases, the allegation can be 
dismissed at this stage, but frequently 
further inquiry into the facts and circum-
stances is needed as set out in Section 
1.4 of AIPG’s Disciplinary Procedures. 
After sufficient inquiry has been made 
to reach conclusions, which frequently 
takes time, the case is either dismissed or 
formal charges can be brought. Bringing 
formal charges requires that a document 
be prepared that describes in detail 
what occurred or how a report violates 
specific sections of the Code of Ethics. 
Writing such a document takes time. 
Once the formal charges are written, 
they, along with supporting documen-
tation, are sent to the respondent, who 
then has an opportunity to challenge the 
specific charges and to request that an 
adjudicatory hearing be held. If a hear-
ing is requested, the members of the 
Adjudicatory Board are agreed to, a time, 
place, and procedures for the hearing 
are set, and the hearing occurs followed 
by the preparation of the Adjudicatory 
Board’s findings, conclusions, and sanc-
tions to be imposed. An appeal of the 
Adjudicatory Board’s decisions can be 
made to the Executive Committee. The 
point being that this process takes time, 
frequently months. The respondent has 
the right to resign from AIPG at any time 
thereby terminating the process.

In the November case, a couple of 
CPGs familiar with subject matter pro-
vided written opinions based on their 
examination of the problematic report. 
These opinions helped in the preparation 
of formal charges. The formal charges 
in this case, together with a cover letter 
and supporting documentation, were 
224 pages long. The respondent elected 
to resign and his membership and certi-
fication were terminated with prejudice 
(Disciplinary Procedures Section 6.2).

AIPG’s disciplinary process is not 
unlike that used by other organizations. 
I am a member of the Ethics Committee 
of the Australasian Institution of Mining 
and Metallurgy (AusIMM). I’m cur-
rently involved in a case that was 
first brought to AusIMM’s attention 
in January 2013. The inquiry into the 
case has been completed and the Ethics 
Committee met in mid-December 2013 to 
consider the results of the investigation 
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Geologic Ethics & 
Professional Practices 
 is now available on CD

This CD is a collection of articles, col-
umns, letters to the editor, and other material 
addressing professional ethics and gen-
eral issues of professional geologic prac-
tice that were printed in The Professional 
Geologist. It includes an electronic version 
of the now out-of-print Geologic Ethics and 
Professional Practices 1987-1997, AIPG 
Reprint Series #1. The intent of this CD is 
collection of this material in a single place 
so that the issues and questions raised 
by the material may be more conveniently 
studied. The intended ‘students’ of this CD 
include everyone interested in the topic, 
from the new student of geology to profes-
sors emeritus, working geologists, retired 
geologists, and those interested in the 
geologic profession.

AIPG members will be able to update 
their copy of this CD by regularly download-
ing the pe&p index.xls file from the www.
aipg.org under “Ethics” and by downloading 
the electronic version of The Professional 
Geologist from the members only area of 
the AIPG website. The cost of the CD is $25 
for members, $35 for non-members, $15 for 
student members and $18 for non-member 
students, plus shipping and handling. To 
order go to www.aipg.org. 
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Free Resume Posting 
 

Post and View Resumes 
for Free on the AIPG 

National Website  
View Job Listings for 

Free 
www.aipg.org  
Click on Jobs.

and to determine the next step in the 
process. Putting together enforcement 
cases when I was a geologist for the US 
Securities and Exchange Commission 
usually took months as well.

I’ll admit that in particularly egre-
gious cases, it would be nice to be able 
act like the Queen of Hearts and sum-
marily terminate the membership and 
certification of those responsible. But 
that isn’t the way it works. I’m glad that 
AIPG’s Disciplinary Procedures are set 
up the way they are because if someone 
decides to accuse me of violating the 
Code of Ethics, I want the opportunity 
to defend myself. I should also note that 
around half of the allegations received by 
AIPG and similar organizations result 
in dismissal because either no viola-
tion occurred or there was insufficient 
evidence provided to support formal 
charges.

Personal and University/
Company Email 
Addresses

In the past few months, I’ve been 
corresponding with students who have 
been making the transition from col-
lege/university to the working world as 
well as students graduating from their 
undergraduate schools and moving on 
to graduate schools. These transitions, 
along with job changes, result in changes 
in email addresses. Keeping track of who 
has moved where and the changed con-
tact information is an ever challenging 
issue. There is also the issue, particu-
larly for company email accounts, that 
company and school email accounts are 
the property of the company or school 
and are for company- or school-related 
use. There are periodic news stories 
about people getting into trouble for vio-
lating a company/school policy regarding 
email use and/or content. 

Most of us also use email for per-
sonal use and having a personal account 
separates one’s personal email from 
the company/school email systems. The 
other advantage of having a personal 
email account is that because it’s yours, 
you can use it for years, thus avoiding 
the issue of frequent email address 
changes. Because most email systems 
allow you to collect emails from more 
than one account into a single in-box, 
this avoids the issue of having to search 
for messages on each account. If you are 
not using a personal email account, set 
one up.

INSURANCE 
PROGRAMS

 
Available to

AIPG MEMBERS

GeoCare Benefits Program
For information:

Life, Dental, Disability, 
Supplemental Insurance, and 

Cancer Expense  
GeoCare Benefits  
Insurance Plan 

 http://www.geocarebenefits.com/ 
Phone: 800-337-3140 or

805-566-9191

Liberty Mutual Insurance 
Auto and Home Insurance  

http://www.libertymutual.com/lm/ 
aipg

Phone: 1-800-524-9400
Please mention client

#111397 when you contact
Liberty Mutual.

The Wright Group 
Professional Liability Insurance  

General Liability Insurance 
http://www.thewrightgroupinc.com 

Phone: 303-863-7788

Financial Services  
The Consulting Group at 

RBC Wealth Management 
David Rhode, Senior 

Investment Management 
Specialist/Financial Advisor 
http://rbcfc.com/david.rhode/ 

dave.rhode@rbc.com
Phone: 1-800-365-3246

Fax: 303-488-3636
 

hydrothinK
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William J. Stone, MEM-2164

Is That Data Point 
Really an Outlier?

Invitation from 
AIPG to Submit 

Articles

You are invited to submit 
an article, paper, or guest 
column based upon your 
geological experiences 

or activities to the 
American Institute of 

Professional Geologists 
to be included in “The 
Professional Geologist” 

(TPG) quarterly journal. 
The article can address 
a professional subject, 
be technical in nature, 

or comment on a state or 
national issue affecting 

the profession of 
geology.

Article submissions for 
TPG should be 800 to 
3200 words in length 

(Word format). Photos, 
figures, tables, etc. are 

always welcome! Author 
instructions are available 
on the AIPG website at  

 www.aipg.org.

Please contact AIPG 
headquarters if you have 

any questions. AIPG 
email is aipg@aipg.org or 
phone (303) 412-6205.

In environmental work we often deal 
with ground-water monitoring data col-
lected over a period of time. Consider, for 
example, results of chemical analyses. 
Identifying changes in water quality, 
and perhaps the onset of contamina-
tion, involves recognizing and correctly 
interpreting unusual values in the data 
set. But if a value for a given quality 
parameter is uncharacteristic, is it due to 
contamination or lab error? How might 
we decide which it is?

A good way to evaluate monitoring 
data is to simply make a graph, plot-
ting concentration for the constituent 
of interest on the Y axis versus time on 
the X axis. That should show whether a 
distinctly elevated value is real or simply 
the result of a one-off lab error. If the 
elevated value is at the peak of even a 
few increasing/falling values, it is prob-
ably real and marks a contamination 
event. The existence of a series of higher 
than average values suggests a spike in 
the concentration has not been quickly 
dissipated and remains in the water as 
it passed the well. By contrast, if the 
strange high value stands alone, with 
no adjacent values rising to or declining 
from its level, the outlier may be merely 
due to lab error. 

When I worked at Los Alamos 
National Laboratory, an environmental 
report presented a plot of tritium levels 
in ground water versus time at a given 
well (Fig. 12-3, p. 181 in my Prentice 
Hall book). Sampling was two or three 
times per year and results were reported 
in picocurries per liter. Overall, the tri-
tium values decreased with time across 
the plot, as might be expected from 
radioactive decay. But there were occa-
sional peaks which represent a typical 
dilemma facing hydrologists. How does 
one interpret the peaks on such a plot?

For example, there was a peak marked 
by a sample with a value of 15,000 pCi/L. 
That was the highest value determined 
in a 16-year period (1978–1994) and was 

three or more times the values for any 
samples taken for several years both 
before and after it: around 5,000 pCi/L. 

Was the elevated value real or just a 
lab goof? The plot showed the high data 
point was not isolated. The result for 
the quarter preceding the high value 
was also uncharacteristically elevated. 
So either there were two successive 
lab goofs (unlikely, one hopes) or the 
elevated points were in fact real. 

TIP: If an analytical result seems 
uncharacteristically high, relative to 
historic monitoring values, check to see 
if adjacent values are increasing and 
declining around it or if the point is truly 
an isolated anomalous outlier. 

Dr. Stone has more than 30 years of 
experience in hydroscience and is the 
author of numerous professional papers 
as well as the book, Hydrogeology in 
Practice – a Guide to Characterizing 
Ground-Water Systems (Prentice Hall). 
Feel free to argue or agree with him by 
e-mail: wstone04@gmail.com.

Save the date

AIPG 2015 National 
Conference 

September 19-22, 2015 
    Anchorage, Alaska

 Hilton Anchorage Hotel - $137 
    500 West Third Avenue,  

     Anchorage,AK 99501   
     Hotel: 1-800-HILTONS

www.hiltonanchorage.com

Hosted by AIPG National and 
 Co-hosted by AIPG Alaska Section
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Gold Potential in Melones Fault 
Zone Formations

Introduction
I welcome this opportunity to share some interesting observations from my recent work. The project area is located along 

the Melones fault zone, a structurally deformed zone located in the Sierra County, California (Figure 1), and which an integral 
structural control on the world-famous Mother Lode mining district. The bedrock in this area ranges in age from Silurian to 
early Pliocene (Hietanen, 1981; Spring, 2012), and is often targeted for precious metals exploration. This brief report focuses 
on two outcrops which show the geological diversity of the area.

1) Cretaceous to Late Pliocene Paleochannels
 Paleoplacers are abundant in buried channels in the area. Most of the paleoplacers underlie volcanic formations (lahars, 

tuffs, andesite or basalt flows) and are in unconformable contact with the metasedimentary country rocks as shown in 
(Figures 2 and 3). Historically, gold was recovered first from the paleoplacers, which led miners to the rich gold deposits 
in quartz veins below the buried stream channels (Spring, 2012).

 
 
 

Adou Katche, YP-0058

Figure 1: Location 
of the Melones Fault 
zone in Downieville, 

Sierra County (A).

Figure 2: Schematic cross-section depicting relative positions of top cap cover, different buried stream channels and 
country rock with gold-bearing quartz veins in the northern Sierra Nevada (Chakarun, 1987).
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2) dike
 Volcanic cap rocks are common in 

the Melones fault zone area. Figure 
3 shows one picturesque outcrop of 
dacite extruding through metavolca-
nic rocks.

Potential zones for 
precious metals

This area is known for its precious 
metal mineralization. Besides these two 
above target of paleoplacer and dike, 
the Melones fault contains numerous 
quartz veins and veinlets, brecciated 
zones, stockworks, zones of local contact 
metamorphism including silicification, 
carbonatization, chloritization, albitiza-
tion, and porphyry zones all situated 
along the primary N335°-340° and sec-
ondary strike N310° directions.

Conclusion
The Melones fault zone in the Sierra Nevada has long been a prospective area for precious metal mineralization. Detailed 

exploration activity is warranted based 
on a thorough understanding of the local 
geology.
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http://www.caminingconsultants.
com/properties.html. 

Mr. Adou Katche graduated from the State University of New York at Buffalo in June, 2011. He is presently employed as 
an Associate Consultant Geologist at Watts Griffis and McOuat (WGM). In addition to California, his work has taken him to 
Alaska, Chile, Ontario, and West Africa, including Burkina Faso and Cote d’Ivoire.

gold potential in melones fault zone formations

Figure 3:  Volcanic flow burying stream gravels and paleoplacer, in turn deposited upon 
metasedimentary country rock.

Figure 4:  Dacite dike extruded into metavolcanic, andesitic or basaltic) tuff.
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Stephanie Jarvis, SA-1495, 
stephaniekjarvis@gmail.com

Variations on 
Pipelines

The Bluegrass Pipeline
At a holiday get-together I overheard a 

family friend voicing his concerns about 
the Bluegrass Pipeline. Being home for 
the holidays, I have been hearing a lot 
about the proposed Bluegrass Pipeline, 
a natural gas liquids (NGL) pipeline 
that will transport NGLs (hydrocarbons 
extracted from natural gas, such as eth-
ane, butane, isobutene, and pentane1) 
from the Marcellus and Utica shales 
to the Gulf. It is not the only proposed 
NGL pipeline that would cut through 
Kentucky, but it seems to be getting the 
most press, likely because it entails sig-
nificant new construction and requires 
easements that many are not willing to 
give due to environmental and safety 
concerns, particularly in karst areas2. 

Transporting fluids related to hydrau-
lic fracturing, such as NGLs and brine, 
is necessary for the realization of the 
resource potential. However, it is of 
major concern because there is not a 
fail-proof way to do so and the risks of 
failure are high. For instance, there is a 
current push to be able to transport brine 
from natural gas wells via barge on the 
Ohio River3. While this would obviously 
be more efficient and probably safer than 
trucking the brine, can we really justify 
putting any waterway, not to mention 
one used as a drinking water source by 
so many, at the risk of even one accident? 
Why does brine disposal, an unavoidable 
consequence to drilling, seem to be an 
afterthought? Leaks, explosions, derail-
ments, and crashes all have serious 
environmental and safety consequences 

and, in the nature of accidents, cannot 
be completely prevented. While such 
logistical issues as transportation may 
not require the input (at least initially) 
of geologists as much as other stages 
of resource extraction, they are part of 
the larger discussion that very much 
concerns us. 

The “Leaky Pipeline”
While “leaking pipelines” are of 

definite environmental and economic 
concern, they should not be confused 
with the “Leaky Pipeline”. The “Leaky 
Pipeline” refers the loss of females in 
science fields between school and upper-
career positions. I am not going to delve 
deep into this issue now (I have shared 
some of my thoughts on this before: 
“Perception and Balance” in the Nov/
Dec 2012 issue), but a discussion posted 
recently to the Earth Science for Women 
Network (ESWN, a great resource for 
women in science) about taking note of 
the gender ratio of keynote speakers at 
meetings got me looking through the 
program from the recent AIPG national 
meeting. One of the four keynote/plenary 
speakers at the meeting, Amy Oliver 
Cooke of the Independence Institute, 
was female. Considering what I per-
ceive to be the overall gender ratio of 
the organization, a ratio of one out of 
four is nothing to be concerned about. 
However, though her talk was definitely 
informative and I would never suggest 
that scientists should only be listening to 
themselves, I cannot help but note that 
she was also the only non-scientist of the 

group. Of the 9 people who monitored 
the 21 sessions (props to the several 
who apparently spent the entire meeting 
moderating!), one (myself) was female. 
I can think of several perfectly logical 
and reasonable explanations for these 
statistics and am in no way suggesting 
they reflect a problem on our organiza-
tion’s part, but it is something to note 
when thinking about the future of our 
profession. The meeting was, once again, 
a great success, with fabulous field trips, 
talks, and conversation. I am definitely 
looking forward to the next one!

The Career Pipeline
While trying to write this column, I 

experienced a bad case of “writer’s block.” 
A quick Google search of “writer’s block” 
got me to the Purdue Online Writing 
Lab’s page on the subject 4 (ohhhh inter-
net-distraction!). After looking through 
the list of symptoms that fall under “writ-
er’s block”, I have self-diagnosed myself 
as falling somewhere between “You 
are anxious about writing the paper” 
and “You’re self-conscious about your 
writing, you may have trouble getting 
started…you’re preoccupied with the 
idea that you have to write about a sub-
ject and feel you probably won’t express 
yourself well.” Really, all of the “symp-
toms” listed on this page are applicable 
to any situation one may be hesitant to 
address—trying to dive into something 
without adequate brainstorming and 
preparation, lack of interest, will, or 
understanding, and some combination 
of anxiety, stress, and doubt. My current 

1. “What are natural gas liquids and how are they used?”, U.S. Energy Information Administration: http://www.eia.gov/todayinenergy/
detail.cfm?id=5930.

2. Khan, N.,“A new pipeline from Pennsylvania fracking fields stirs controversy in the Bluegrass State”, Kentucky.com: http://www.
kentucky.com/2013/12/21/3000585/a-new-pipeline-from-pennsylvania.html.

3. Phillips, J., “Plan to barge frack waste criticized from both sides”, The Athens News: http://www.athensnews.com/ohio/article-
41300-plan-to-barge-frack-.html.

4.  “Symptoms and Cures for Writer’s Block”, Purdue OWL: https://owl.english.purdue.edu/owl/resource/567/01/.

Continued on page 35.



www.aipg.org	 JAN/FEB/MAR	2014	•	TPG	33

student’s voice

Terminology in 
Geology
Kristina Pourtabib, SA-3410 
pour1824@vandals.uidaho.edu

Terminology and correct word usage 
is a lesson that has been emphasized 
in many English classes throughout 
academia. This lesson not only applies 
strictly to English classes but also when 
it comes to the use of the English 
language in any setting. Weather and 
whether…there and their are just some 
of the commonly misused words that 
appear quite frequently in any form of 
writing. In spoken language, many of 
these grammar errors can be overlooked 
because as long as the main point comes 
across through verbalizations then the 
grammar is secondary because the audi-
ence will rarely see your words in writ-
ing. Though when it comes to writing, 
especially scientific writing, the use of 
correct grammar and word choice can 
mean the difference between a lawsuit 
or just another routine observation/
interpretation. 

Now before I begin, I would just like 
to throw out a little disclaimer about my 
own grasp of the English language and 
say that I might not be the best expert on 
this subject, as grammar has not always 
been a strength for me throughout my 
writing career. To me it seemed like I 
was always falling into the trap of it 
sounds correct in my head, but why aren’t 
my ideas translating to my writing? Or 
how do I change my habit of writing in 
past tense to writing in present tense? I 
can still recall those days of having to 
peer review my classmates’ papers, and 
how much I did not enjoy that particular 
part of the writing process. I fondly (and 
I’m saying this sarcastically) remember 
receiving graded assignments, looking 
in the comments section, and seeing the 
same remarks from teacher after teacher 
good content, but please check the gram-
mar. In time I learned of this magical 
place called “The Writing Center” and 
after discovering it, I was able to save 
myself some Tylenol and a few points 
increase on my writing assignments 
because I had the help of an extra set of 
eyes to review my assignments. When 

entering the scientific field, I had to learn 
to adapt my writing style to appeal to 
a scientific audience (an endeavor that 
anyone in the scientific community has 
had to adapt to at some point in their 
career), and I find that I am still in the 
process of transitioning my writing into 
this new format. I also have found that 
I am experiencing some of the same 
grammar and incorrect word usages that 
have previously vexed me, but just in a 
different way.  

In geology, as well as in any other field, 
in order to learn the subject you must 
start with learning and understanding 
of the basics, or the fundamental build-
ing blocks of the subject. Subsequently, 
any future knowledge will expound upon 
these early-learned concepts. In the 
field of geology, the basics usually start 
with the definition of geology, followed 
by a definition of what a mineral is. 
With the introduction of new material 
in any subject, there is larger room for 
error or confusion in the explanation 
of these ideas and therefore, grammar 
and word usage plays an enormous role 
in the confirmation of this understand-
ing. For instance, when a new student 
is learning the definition of a mineral 
there are a few universally held parts 
to the definition that every person will 
agree upon. Some of the terms, gener-
ally stated, include: inorganic, naturally 
occurring, solid, and a definite (but not 
necessarily fixed) chemical formula and 
structural arrangement. Once the parts 
of the definition start being explored in 
more depth, then we enter somewhat of 
a grey area in the comprehension and 
understanding of what a mineral is. For 
example, if you look at the “inorganic” 
part of the definition it usually encom-
passes a substance that doesn’t contain 
carbon-carbon bonds, but someone can 
read more into the definition and pose 
the question of how do you define miner-
als that are formed by living organisms 
(aka biomineralization)? Just like in 
having correct grammar and word usage 

in scientific writings, the context and 
spelling of certain words/phrases are 
crucial for understanding a topic. 

Having entered graduate school I was 
unaware that this not so fond outlook I 
had on grammar and correct word usage 
in my own writing and understanding 
would be an issue that would surface 
in my own research. I have started my 
graduate degree in Mineralogy, and am 
starting to look at the zeolite group of 
minerals in particular. A large cause 
for confusion when studying zeolites (in 
particular zeolites that pose potential 
health risks) is to note that there is a dif-
ference between a zeolite with a fibrous 
morphology (i.e. erionite) and a zeolite 
classified in the fibrous zeolite subgroup 
(i.e. mesolite). The fibrous zeolite sub-
group consists of T5O10 chains of (Al,Si)
O4 tetrahedra running parallel to the 
c-axis, and the morphology of these zeo-
lites is often needle-like or fibrous (but 
not always) with the crystals extending 
parallel to the tetrahedral chains. On 
the other hand, the fibrous morphology 
zeolites can fit this description morpho-
logically, but are not classified in the 
fibrous zeolite subgroup because of their 
structural differences. Confusing, right? 

Although focusing on terminology and 
grammar can seem like a distraction 
from your main goal, whatever it is that 
you are trying to achieve, clearing up 
any potential confusion at the beginning 
can save you a lot of time and money in 
the future. I never thought that I would 
be devoting research time of my own to 
revisiting the issues of grammar and 
correct word usage in mineralogy at the 
beginning of my graduate career, but 
issues like these are important to get 
right. Being able to filter through and 
clearly define areas of grammar and 
word usage confusion prior to begin-
ning any scientific (or other area of 
interest) study is an integral, and often 
overlooked, part of advancing our under-
stand (and the audience’s understand-
ing) of a particular area. 
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Michael J. Urban, MEM-1910

Fossil Fuels and 
Petroleum: A Primer

For this student issue, let’s explore 
a few of the basics that geologists know 
well, but that students – or anyone inter-
ested – may want to learn more about. 
This short article will introduce the 
topics by considering the origin, types, 
separation, and uses for our principle 
energy sources. 

Fossil Fuel
Fossil fuels are derived from the 

remains of once-living organisms and 
account for about 90% of all energy used 
in the United States. Examples of fossil 
fuels include petroleum (or oil), coal, 
and natural gas. There are some differ-
ences in the physical properties of these 
types of fossil fuels, including the likely 
conditions of formation, but in general 
all are rich in hydrocarbon (composed 
primarily of hydrogen bonded to carbon) 
compounds that release a good deal of 
heat energy when burned. The energy 
can be used to do work, such as in the 
engines of mechanical devices like cars. 

Fossil fuels make excellent energy 
sources because more energy is released 
than imparted during combustion. For 
example, when natural gas (primarily 
methane) is burned (such as to heat a 
home in a gas furnace), it undergoes a 
chemical reaction that changes methane 
and oxygen from the air into carbon 
dioxide and water. This process requires 
less energy to break existing bonds than 
is released in the formation of new ones 
during combustion, therefore, thermal 
heat is a by-product. A summary of the 
process is below:

CH4 + 2O2  CO2 + 2H2O + heat

Fossil fuels are associated with sedi-
mentary rocks and are non-renewable 
resources – meaning that once they are 
all used up there will be no more (at 
least, not within practical timeframes).

Petroleum and  
natural Gas

Oil is the common name for petroleum 
and it consists of a mixture of hydro-
carbon compounds along with other 
impurities in varying quantities. The 
precise conditions under which it forms 
are not completely understood, but in 
general, must include accumulation, 
transformation, and migration. Because 
it is not already oxidized, petroleum 
must form in oxygen-poor environments 
or be buried relatively quickly, such as 
in a marine environment near shore. 
Microorganisms, mainly phytoplankton, 
die and sink to the ocean bottom where 
they accumulate, are buried, and pre-
served. Over time, pressure and heat 
build inducing chemical reactions that 
transform complex hydrocarbons into 
simpler ones. 

The transformation of complex hydro-
carbons into simpler ones occurs system-
atically, producing first thick (or heavy) 
oil, then thinner oil, and eventually, 
gaseous hydrocarbons like natural gas 
(i.e., methane). Oils with different char-
acteristics have different uses: asphalt, 
crude oil, gasoline, etc. Once the solid 
microorganisms have been altered into 
liquid or gaseous hydrocarbons, they are 
no longer necessarily restricted and so 
may move into surrounding rocks with 
pores or cracks in them. 

Most economically viable sources of 
petroleum and natural gas exist in the 
form of porous sandstone or limestone 
rock layers capped by an impermeable 
rock like shale. The petroleum fills the 
pores in sandstone (or limestone) and is 
prevented from further upward migra-
tion by the shale – such a sedimentary 
configuration is referred to as a trap. 

Fractional distillation
As mentioned previously, oil in its 

crudest form consists of a mixture of 
a number of different hydrocarbons. 

To separate the individual components 
from crude oil into useful constituents 
(e.g., diesel, kerosene, gasoline, etc.) the 
oil is heated. Since each hydrocarbon has 
a unique boiling point, the crude oil can 
be heated in a distillation column allow-
ing the constituents to be concentrated 
and fractured (see the references for 
more details). 

Coal
There are a variety of different types 

of coal, but all are solid combustible rocks 
containing compacted plant remains. 
Unlike petroleum resources, which form 
in marine environments, coal typically 
forms on land in swamps where mate-
rials collect but do not undergo much 
decay. At the turn of the twentieth cen-
tury (circa 1900), coal was responsible 
for supplying about 90% of the energy 
needs in the United States. Its use was 
replaced by petroleum (and natural gas) 
because it is easier to transport liquid (or 
gas) and it burns cleaner. 

There is much more to learn about 
fossil fuels, but we’ll end the discussion 
here. Industry geologists need to know 
a lot about fossil fuels and the geologic 
conditions of their occurrence. If you’re 
just beginning academic preparation 
in geology, you’ll study much more 
about all types of natural resources, 
but you should pay particular attention 
to understanding fossil fuels given our 
society’s dependence on them as energy 
resources. Those considering a possible 
career in geoscience education may find 
the example resources provided below 
useful.

Featured Resource:
This issue’s featured resource is the 

United States Department of Energy’s 
Toolkit for Teachers and Parents found 
at http://energy.gov/fe/about-us/stu-
dents-and-teachers/study-guides-and-
activities. 
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The site provides a variety of activities 
and resources for educators divided up 
into elementary, middle, and high school 
levels. Parents may also be interested in 
sharing some of the activities with their 
children in order to help them better 
understand energy topics of interest.

References
Freudenrich, D. (2014). How oil refining 

works. Retrieved at http://science.
howstuffworks.com/environmen-
tal/energy/oil-refining4.htm.

Girard, J.E. (2005). Principles of envi-
ronmental chemistry. Sudbury, MA: 
Jones and Bartlett.

Lutgens, F.K., & Tarbuck, E.J. (2000). 
Essentials of geology (7th ed.). Upper 
Saddle River, NJ: Prentice Hall.

USGS. (2014). Energy resources pro-
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usgs.gov/.
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hesitation-causing situation happens to 
be the tackling of a new stage (i.e., writ-
ing the first installment for this column), 
but that analogy too applies elsewhere 
in my life right now. I used to think that 
these kinds of issues were experience-
related and only plagued those of us new 
to this particular section of the career 
pipeline, but the nature of a pipeline is 
that its contents do not stay in the same 
section very long. Everybody is moving, 
so everybody is taking on new situations 
of their own and, thus, has doubts of their 
own. Just as the symptoms of writer’s 
block are those of any source of hesita-
tion, the “Possible Cures” suggested by 
the Purdue OWL page are ubiquitously 
applicable. My favorites: “Consciously 
stop the non-productive comments run-
ning through your head by replacing 
them with productive ones” (e.g., do not 
only read the parts of job descriptions you 
feel that you fall short on, do not keep 
telling yourself how little experience you 
have, etc.) and “assure yourself that the 
first draft [i.e., ‘try’] doesn’t have to be a 
work of genius, it is something to work 
with.” Good advice for all of us, at any 
section of the pipeline.

Stephanie Jarvis- 
Continued from page 32.

          members in the news

LBG names Manolakas and  
Blomker Senior Vice 
Presidents

 Shelton, CT -- January 21, 2014 -- Leggette, 
Brashears & Graham, Inc. (LBG), a profes-
sional groundwater and environmental engi-
neering services firm, has named Michael 
Manolakas, CPG-11268, and Kimberly 
Blomker Senior Vice Presidents. 

Based in LBG’s Shelton, Connecticut 
office, Mr. Manolakas’ 20 years of experi-
ence includes management of sites in RCRA 
Corrective Action, Connecticut Transfer 
Act, Connecticut and New York Voluntary 
Remediation/Clean-Up/Brownfield Programs 
and under Connecticut Consent Order. He also has experience working with TSCA 
and CERCLA and has completed investigation, development and management of 
groundwater supplies and computer modeling.

Mr. Manolakas is a Licensed Environmental Professional in Connecticut, and a 
Certified Professional Geologist. He holds a B.S. degree in geological sciences from 
The Ohio State University and is a member of the Environmental Professionals of 
Connecticut.       

Ms. Blomker is a geological engineer and certified hazardous materials manager 
with extensive experience in the completion of environmental liability assessments. 
For twenty years, she has specialized in USEPA-based human health risk assess-
ments, including vapor intrusion and implementation of risk-based corrective action 
strategies utilized to achieve regulatory closure of recalcitrant sites. The majority 
of her work involves soil and groundwater remediation projects at industrial manu-
facturing facilities, bulk petroleum storage and distribution facilities, landfills, and 
commercial/redevelopment properties. Based in LBG’s St. Paul, Minnesota office, 
Ms. Blomker is a senior manager of the firm’s Energy Services (Pipeline and Oil & 
Gas) and Emergency Response team.

Ms. Blomker is a member of the National Ground Water Association, the 
Minnesota Ground Water Association, the Association of Engineering Geologists, 
and the Alliance of Hazardous Materials Professionals. 

Leggette, Brashears & Graham, Inc. was the first consulting firm in the United 
States to specialize in groundwater geology. For over half a century, LBG has been 
a recognized leader in the development and management of groundwater resources 
as well as environmental and remedial engineering. Headquartered in Shelton, CT, 
LBG has 22 regional offices throughout the U.S. 

Be and Exhibitor or Sponsor 
5th Annual Marcellus, Utica, and Point Pleasant Shale 

Conference in Columbus Ohio, April 16-17, 2014

Exhibit Booth   $495.00 
Sponsorship Opportunities $250 or $450

Contact Cathy Duran at cld@aipg.org or AIPG National 
Headquarters for more information. (303) 412-6205.
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new York, new York
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Member 
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Green Valley, 
Arizona

in memory

Ernie Lehmann,  
CPG-00583 – Geologist 
and Entrepreneur,  
1929-2013

In 1957, when geologist Ernie 
Lehmann was sent by a national com-
pany to explore Minnesota for copper, 
he began a lifelong pursuit that led 
him to be dubbed the “grandfather” of 
copper-nickel mineral development in 
northeastern Minnesota. Lehmann, a 
prospector for 63 years, led the discovery 
of one of the world’s largest deposits in 
the Duluth Complex, as well as sig-
nificant deposits, including more than 
1 million ounces of gold, in Montana 
and Argentina. Ernie’s knowledge of the 
Duluth Complex was truly encyclopedic.

A gentle giant in his industry, he 
helped shape the nation’s mining laws 
by testifying on Capitol Hill. And in 
Minnesota, three governors appointed 
him to various mining and strategic met-
als advisory boards. Adamant that he’d 
never retire, Lehmann was involved in 
a half-dozen businesses when he died at 
his Minneapolis home on December 13, 
2013. He was 84.

Lehmann was born in Heidelberg, 
Germany, in 1929, the youngest son of 

archaeologist Karl Lehmann and Elwine 
Hartleben. In 1935, he emigrated with 
his parents and two brothers.

He graduated from Williams College 
in Massachusetts in 1951 with top hon-
ors and did graduate work in geology at 
Brown University in 1951-52. While in 
college, he worked as a miner and geolo-
gist at a gold mine in Bannack, Montana, 
and in 1951, joined Kennecott Copper.

In 1953, he married Sally Willius of 
St. Paul. In 1957, Kennecott assigned 
Lehmann to explore for copper in north-
ern Minnesota, so the couple moved to 
Minneapolis. They had four children.

In 1958, when he was 29, Lehmann 
left Kennecott to launch a series of busi-
nesses. He worked tirelessly to develop 
nonferrous mining in Minnesota, while 
becoming active in political and civic 
affairs. 

He helped found MiningMinnesota 
and was active in the Society for Mining, 
Metallurgy and Exploration and the 
American Institute of Professional 
Geologists and other groups, winning 
industry awards. He worked throughout 
much of the world for mining companies, 
trading companies, investors and land 
owners. His business and exploration 
ventures focused on managing and exe-
cuting mineral exploration, evaluation 
and development.

Lehmann was president and CEO of 
Beaver Bay Inc., which owns an interest 
in the Twin Metals Minnesota copper-
nickel project in the Duluth Complex. 
He was chair emeritus of Vermillion 
Gold, an early-stage gold exploration 
company. He also was president of North 
Central Mineral Ventures Inc.

In addition to Sally, survivors include 
brother Wolfgang Lehmann; children 
Kate, Fred, Charlotte and Walter, and 
two grandchildren.



 professional services directory

This service is open to AIPG Members as well as non-
members. The Professional Services Directory is a one year 
listing offering experience and expertise in all phases of geol-
ogy. Prepayment required. Advertising rates are based on a 
3 3/8” x 1 3/4” space

OnE YEAR LISTInG FOR OnLY:
AIPG Member $300.00
non-Member $400.00
Space can be increased vertically by 

doubling or tripling the size and also the rate.

 David M. Abbott, Jr.  
 Consulting Geologist LLC
 AIPG CPG, FAusIMM, EurGeol, PG-TX, UT, WY

evaluating natural resources, disclosures about them, 
reserve estimates, and geological ethics & practices

2266 Forest Street Tel: 303-394-0321
Denver, CO 80207-3831 Fax: 303-394-0543

dmageol@msn.com or dmageol@aol.com

in memory
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Want to purchase minerals and 

other oil/gas interests. 

Send details to: 

P.O. Box 13557, Denver, CO 80201.
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online courses

On demand Webinars

•Global Energy Resources: Current Trends and 
Short Term Predictions.  
Presented by Ronald J. Wallace,  
.01 CEU’s 

•Critical and Strategic Minerals: Concepts and 
Status. 
Presented by Jim Burnell,  
.01 CEU

•Making a PowerPoint Presentation into a Work of 
Art. 
Presented by Chris Mathewson, 
.01 CEU

For more information go to www.aipg.org, 
select Store, then Events, or contact AIPG 
Headquarters at 303-412-6205.
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Corrosion Mineralogy of Pennies, 
Nickels, and Dimes in Different 

Environments
Alesia Griesmyer, SA-4293  
dept. of Environmental Studies 
The University of north Carolina  
at Asheville

Abstract
Coin currency will degrade when left to the natural envi-

ronment, forming mineral products as corrosion rinds. The 
purpose of this study was to determine what mineral products 
form from the corrosion of certain coins, and their relative 
extent under different environmental conditions. Two types 
of pennies (new and old), dimes, and nickels were placed in 
three different aquatic environments, allowed to corrode, and 
periodically analyzed. The main methods for analysis included 
scanning electron microscopy/energy dispersive spectrometry 
(SEM/EDS) and powder X-ray diffractometry (XRD). Coins 
exposed to salt water, at Emerald Isle Marsh and Anderson 
Dock, had more severe corrosion than coins in freshwater, at 
Bent Creek. A total of eight minerals were identified as cop-
per corrosion products. No nickel minerals developed on any 
of the samples.

1. Introduction
Coin currency has been used for monetary exchange since 

the production of the first copper coins in 1793. Although 
taken for granted in a physical and pecuniary sense, coin 
currency will degrade when left to the natural environment, 
forming mineral products through corrosion. The objective of 
this study was to document the corrosion mineral products 
of certain coins in three different aquatic environments. The 
results of this study may be useful to forensic scientists from 
an evidentiary standpoint. 

2. Methodology
2.1 Sampling and Field Characteristics
Nickels, dimes and pennies were used for this study. Nickels 

are composed of cupronickel, 75% Cu and 25% Ni, and dimes 
are made of cupronickel-clad copper. Pennies were made from 
mostly copper prior to 1984 which we labeled as old pennies and 
copper-clad zinc since then, which we labeled as new pennies. 

 The three environments chosen included Emerald Isle 
Marsh, a salt water tidal flat; Bent Creek, a highly oxygen-
ated, fresh water stream; and Anderson Dock, a brackish water 
coastal inlet (Figure 1). Environmental conditions influencing 
the rate and degree of corrosion include: reactivity of the mate-
rial, levels of dissolved oxygen, carbon dioxide, and microbial 
activity within the environment, as well as the temperature, 
pH, and salinity of the surrounding conditions.

 Plastic vials (35-mm film canisters) containing coins were 
placed in each environment for approximately four years. 
Exposure to environmental conditions at each sampling site 
was made possible with small holes drilled in the plastic vials. 
Old pennies, new pennies, and dimes or nickels were buried 
beneath the sediment surface at Bent Creek, submerged in 
the water column at Anderson Dock, and buried in tidal flat 
mud at Emerald Isle Marsh. Several coins of each type were 
placed in each environment and retrieved annually for obser-
vation and analysis. 

 

2.2 Sample Preparation
On an annual basis, one of each coin type from the three 

environments was cast in epoxy, ground, and polished for cor-
rosion analysis. Coins cast in epoxy were coated with a thin 

Figure 1. Locations of the three sample sites. Bent Creek Experimental 
Forest is located within the Pisgah National Forest near Asheville, 
North Carolina and is part of the USDA Forest Service Southern 

Research Station. Anderson Dock and Emerald Isle Marsh are located 
near the coast of North Carolina. Anderson Dock is a seawater site 

near Swansboro, and Emerald Isle Marsh is a coastal salt marsh on the 
sound side of Emerald Isle.
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layer of carbon prior to SEM analysis. The duplicate coins 
from each environment were scraped at the surface for powder 
X-ray diffraction mineral analysis. 

2.3 Analytical Methods
The main methods for analysis included scanning electron 

microscopy/energy dispersive spectrometry (SEM/EDS) and 
powder X-ray diffractometry (XRD), using an FEI Quanta 400 
scanning electron microscope equipped with an Oxford Inca 
450 energy dispersive spectrometer, and a Philips PW 4030 
powder X-ray diffractometer. The SEM provided visual and 
textural analyses, EDS provided mineral identifications based 
on chemical analyses of samples as small as 1 x 10-6 meter 
diameter, and XRD provided mineral identification based on 
crystal structure. 

3. Results
The environmental conditions at Anderson Dock were 

saline, and resulted in corrosion products that were compa-
rable to those found on coins at the brackish Emerald Isle 
Marsh. The environmental pH at Anderson Dock was 7.9 
and the coins were visibly corroded. Anderson dock coins 
showed development of hydroxide, oxide, and sulfide minerals 
including cuprite (Cu2O), chalcocite (Cu2S), and simonkolleite 
(Zn5(OH)8×H20) on young pennies (Figure 2), and atacamite 
(Cu2(OH)3Cl) on old pennies. Nickel samples from both 
Emerald Isle Marsh and Anderson Dock had cuprite and ata-
camite (Figures 3, 4). Nickel coins from Emerald Isle Marsh 
also exhibited chalcocite.

 

 

 

At Emerald Isle Marsh, bornite (Cu5FeS4) developed on 
old pennies, whereas weathering products on new pennies 
included atacamite, connellite (Cu19Cl4(SO4)(OH)32×3H20), 
and smithsonite (ZnCO3) (Figure 5). The reducing and oxidiz-
ing conditions of the Emerald Isle Marsh had an environmental 
pH of 6.1, which in conjunction with the high organic matter 
content of the enclosing mud, at least subjectively appeared 
to facilitate coin corrosion as compared to conditions at Bent 
Creek and Anderson Dock. 

 The interior of the young pennies is zinc. The Emerald Isle 
Marsh young penny (Figure 6), illustrates the phase develop-
ment of various zinc and copper minerals due to corrosion. The 
copper originally present in the young penny was oxidized, 
forming cuprite as a corrosion product. Corrosion products 
progressing from the zinc interior toward the exterior of the 
young penny consisted of simonkolleite, phasing to cuprite, and 
then smithsonite and cuprite on the surface edge of the penny. 

 

 

 
.

Figure 2. XRD spectrum for Anderson Dock young penny shows a 
strong match for the presence of simonkolleite minerals in the sample. 
Aqua blue markers show peaks for simonkolleite, and other colors rep-

resent other phases, such as cuprite and zinc.

Figure 3. XRD spectrum for Anderson Dock nickel showing strong 
peak matches for the presence of cuprite (aqua blue markers)  

in the sample. 

Figure 4. Anderson Dock nickel shows the 
formation of cuprite and atacamite crystals 
as corrosion products. Atacamite mineral 
formation is shown by the platy crystals 

and cuprite formation is shown in the gran-
ular crystals. Scale bar represents 20 μm.

Figure 5. EDS spectrum showing the chemical analysis 
for Emerald Isle young penny. ESD spectrums provided 

elemental atomic and weight percentages at specific points 
(1μm) on the coin samples.

corrosion mineralogy of pennies, nicKels, and dimes
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Bent Creek had the least corrosion activity of the three envi-
ronments tested. The running freshwater environment at Bent 
Creek had a pH of 5.3. Green minerals visible under the light 
microscope suggest that small amounts of atacamite or mala-
chite formed on coins buried at Bent Creek. Malachite was 
identified on young and old pennies, based on a match of the 
XRD pattern. Weak XRD matches existed for both atacamite 
and malachite, but the matches are stronger for malachite. 
Additionally, chloride minerals, such as atacamite, are unlike-
ly to form in freshwater environments, so we conclude that 
the green mineral is malachite. Other than development of 
some dark green and light blue coating on portions of exposed 

copper rim, dimes at Bent Creek had hardly any evidence of 
corrosion. The copper coating on young pennies dissolved away, 
exposing zinc through holes on the surface. Old pennies had 
small amounts of dark green and light blue mineral coatings. 
The blue mineral found on coins at Bent Creek may have been 
azurite or some other copper mineral but occurred in amounts 
too small for positive identification.

No nickel minerals developed on any samples from the three 
environments (Figure 7). This is probably due to dissolution 
of the nickel, leaving behind no nickel corrosion products. We 
know the Cu is corroding due to the existence of Cu corrosion 
minerals. If the Cu corroded but Ni did not, we would expect 
to see a net-like or mosaic texture where the Cu had corroded, 
leaving behind Ni. Another possibility could be that the alloy 
cupronickel itself is resistant to corrosion, but if that were the 
case, nickel coins would not show much corrosion.

Table 1. Minerals identified and the environments in 
which they formed

4. Conclusions
A total of eight minerals were identified to form as corrosion 

products (Table 1). Coins exposed to salt water at Emerald Isle 
Marsh and Anderson Dock had more severe corrosion than 
coins in freshwater at Bent Creek. The conductive nature of 
salt water due to electrolysis increases the rate of corrosion 
in saline environments. Emerald Isle had the most corrosion 
minerals, including copper minerals atacamite, bornite, chal-
cocite, connellite, and cuprite; and zinc minerals simonkolleite 
and smithsonite. Anderson Dock contained the same minerals, 
excluding bornite, connellite, and smithsonite. Conversely, 
malachite was the only corrosion mineral identified on Bent 
Creek samples, but no zinc minerals. 

Figure 6. Emerald Isle Marsh young penny SEM image showing 
phase development of copper and zinc minerals: zinc core, phasing to 

simonkolleite, cuprite, and a thin outer layer of cuprite and 
 smithsonite. Scale bar represents 400 μm

Figure 7. Bent Creek dime shows the development of cuprite minerals 
near the surface, with intermittent nickel remaining present; however, 
no nickel corrosion minerals were found to have developed. Scale bar 

represents 400 μm.

Mineral name Chemical 
Composition

Environments 
Found

Atacamite Cu2(OH)3Cl Anderson Dock 
(Po, N); Emerald 
Isle Marsh (Py, 
N)

Bornite Cu5FeS4 Emerald Isle 
Marsh (Po)

Chalcocite Cu2S Anderson Dock 
(Py); Emerald Isle 
Marsh (N)

Connellite Cu19Cl4(SO4)
(OH)32×3HO

Emerald Isle 
Marsh (Py)

Cuprite Cu2O Anderson Dock 
(Py, N); Emerald 
Isle Marsh (N)

Malachite Cu2(CO3)(OH)2 Bent Creek 
(Py,Po)

Simonkolleite Zn5(OH)8Cl2 Anderson Dock 
(Py); Emerald Isle 
Marsh (Py)

Smithsonite ZnCO3 Emerald Isle 
Marsh (Py)

Po =Penny, old; Py=Penny, young; N=Nickel
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 No nickel corrosion minerals were identified on any coins 
in any environment. Further research into the mobility of 
nickel within the environment might help explain why nickel 
minerals were absent. 

 The results of this study will benefit forensic science by 
illustrating how coins weather with time under certain aque-
ous conditions. Furthermore, the United States Treasury 
and other metal users could use the findings of this study for 
developing improved protection against the corrosion of coin 
currency and metals it contains.
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corrosion mineralogy Some Words of Advice 
for Undergraduate 
Students Pursuing a 
Career as a Geologist

As an undergraduate student pursuing a career in geology 
the things you should take into account pertaining to your 
education and training are determined largely by the direc-
tion in which you wish to take your career, i.e., by the area(s) 
of geology you intend to specialize in. Obviously, if you wish 
to pursue a career as a minerals geologist your education and 
training will differ from a student wishing to pursue a career as 
a hydrogeologist, a petroleum geologist, engineering geologist, 
or a mining geologist. The directions in which you can take 
your career are far too numerous to elaborate here. 

You should bear in mind that a career in industry (explo-
ration, mining, production, etc.) will most likely require a 
Master’s (M.Sc.) degree, whereas an academic career focusing 
on teaching and research at a college or university will almost 
certainly require a Ph.D. degree.

Furthermore, consider that a career with industry will likely 
require some travel and, perhaps even relocation at home or 
abroad. A career as an independent consulting geologist, will 
benefit from a graduate degree, experience with industry, and 
skills with business management & administration. 

Whatever your career goals, it is important to discuss 
them in the context of your curriculum with your advisor on 
a regular basis while an undergraduate. Take as many basic, 
undergraduate geology courses as possible. Doing so will 
increase your all-around knowledge of geology and versatility.  
Here is a list of my recommendations, and be sure to include 
the laboratory instruction if that is optional: physical geology, 
historical geology, stratigraphy, sedimentology, structural 
geology, economic geology, mineralogy, optical mineralogy, 
petrology, paleontology, a summer geology field camp, and 
three or four introductory courses in related specialties that 
may interest you, e.g., geochemistry, geophysics, petroleum 
geology, or hydrogeology . 

As an undergraduate, it is also important to include in 
your curriculum courses in mathematics and cognate sciences: 
physics, chemistry, computer science, astronomy, and biology. 
Also crucial are skills in English composition and writing, and 
in one or more foreign languages.  

Should you be offered a position as an intern or apprentice 
with industry, a state geological survey, or a national park, 
take advantage of this invaluable on-the-job training and 
experience. You will quickly learn how to apply your academic 
skills to the professional practice of geology. Much of your 
success as a professional geologist will depend on your com-
munication skills, verbal and written. Fluency in languages 
other than English will allow you greater opportunities for 
global practice and continued learning. Written reports are 
still the trans-discipline work product, and the key to success 
is writing quickly, clearly and succinctly. Strong technical 
writers will find the process of writing a post-graduate thesis 
or dissertation less onerous than those who are less adept with 
basic writing skills. 

dr. Erik h. Schot, Phd, MEM-2189
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Job description - director of 
Education and Outreach

The American Geosciences Institute (AGI) is seek-
ing an experienced individual to serve as its Director of 
Education and Outreach and as the lead for AGI’s Center 
for Geoscience Education and Public Understanding.

The Director is located at the AGI Headquarters in 
Alexandria, Virginia. The Director supervises 5-6 sup-
port or contract staff. Routine domestic travel is required. 
Benefits and salary are competitive with similar-sized 
non-profits in the Washington, DC area. Experience work-
ing with non-profit, academic and federal organizations 
is very desirable. AGI is an Equal Opportunity Employer

Review of applications will begin on February 
17, 2014 and will continue until the position is filled. 
Application should be sent to jobs@agiweb.org and should 
include the following components:

o Resume or curriculum vitae
o Letter of intent describing the candidate’s qualifica-

tions as related to the duties and responsibilities 
described above (three-page maximum).

o Letters of reference from three (3) individuals who 
are familiar with the candidate and are able to 
discuss the candidate’s professional experience and 
potential for success in the position.

For a the two page job description, go to  http://www.
aipg.org/Jobs/EOjobDescription.pdf
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Recommendations from the 
Mining Sector for Students

John T. Popp – CPG-06724

My experience dates back to the 1970s 
and primarily has been in the coal and 
aggregates/industrial minerals indus-
tries, mostly involving sedimentary 
rocks. As a professional geologist, you 
can expect to wear many hats in these 
industries, which still have a long future.

You can be a field geologist – even 
though geology today is more computer–
oriented than in the past, getting into the 
field, out to the core rig, and operations 
to look at the rocks is important. It’s 
something I still enjoy. Therefore, take 
a field geology course, or even better 
attend a summer field camp.

You will collect data – the interpreta-
tion of mineral deposits is dependent 
upon having good data, and not all of the 
data are digital. You may have to look at 
traditional drillers’ records, or describe 
rocks yourself, and put the records into 
a data base. It’s a little tedious at times, 
but well worth the effort. Therefore learn 
and become proficient with data base 
software.

You will analyze and interpret the 
data you collected. Sedimentary rocks 
are bedded deposits – become proficient 
with stratigraphy and sedimentology 
principles and methods.

You will make maps – a picture is 
worth a thousand words! Although your 
data analysis and interpretation likely 
will end up displayed as computer-drawn 
maps and cross-sections, review and 
edit the interpretation to your liking. 
Learn graphics software, e.g. Rockware 
products, but also GeoGraphix, Carlson’s 
SurvCAD, ArcGIS and other products.

You will become a detective, using 
“forensic” geology, my term for figur-
ing out what the geology tells us, what 
happened and why, and what can be 
expected as a result. To do this, learn to 
be imaginative, to think outside the box. 
Also keep good notes of what you see in 
different situations, to draw on later.

You will make resource estimates. 
How much mineral is in the ground, and 
how much can be recovered economical-

ly? To do so you will compile all you know 
about the bed thickness and structure, 
mineral quality, and minability into 
a map, from which tonnage estimates 
are made. Geology is the foundation 
for resource estimates, which are the 
key to economics, especially for publicly 
traded companies. Ask yourself if what 
you have estimated is reasonable…have 
I looked at all of the data to make the 
best interpretation?

You will do exploration geology – you 
will learn to deal with landowners and 
to respect their interests, while figur-
ing how many holes to drill, how deep, 
where, how long will it take, what it 
will cost, and more. It’s likely you will 
use geophysical logs. Learn to interpret 
them.

You will apply economic geology – an 
operation’s costs are often affected by 
the geology, and mining waste rock is 
expensive. Learn a little “everyday” 
economics and statistics to know what 
economic factors are important.

As your experience grows, you will 
get to evaluate potential mineral acqui-
sitions. You will be asked whether the 
geology supports making a $5M, or 
$50M, or $250M mineral acquisition or 
mine development.  Learn to give concise 
answers and written reports, which take 
a lot of practice.

Career opportunities will arise for 
which your experience as a geologist will 
qualify you. Over the years geologists I 
knew have become consultants, either 
alone or with a company, business devel-
opment managers, operations managers, 
commodity sales people, environmental 
specialists, IS/GIS specialists, as well as 
filling upper management positions, and 
more. An important way to stay involved 
with your peers throughout your career 
is to join and become involved with AIPG, 
GSA, SEPM, AAPG, and other profes-
sional geological groups. And when the 
opportunity arises in your career, hire 
geology interns so they may learn from 
you what to expect as well. 

[These opinions are based on com-
ments made in a presentation I gave at 
the GSA Annual Meeting in Charlotte 
NC, November 6 2012.] 

John Popp, CPG-06724, has a BS 
Geology from Eastern Illinois University 
and MS Geology from Southern Illinois 
University - Carbondale.  He has worked 
for federal and state agencies, as well as 
industry, and has been Chief Geologist 
for Natural Resource Partners L.P. for 
9 years.

Explosion-Like Sounds 
Rattle Residents
Published: January 9, 2014  
By: Associated Press 9:15 am 
Thursday, January 9, 2014  
Tags: earthquake, ice quake 

FOND DU LAC, Wis. (AP) – Some 
strange booms have shaken resi-
dents in Fond du Lac County.

The series of explosion-like 
sounds rattled residents from 
Waupun, Campbellsport and else-
where Tuesday and sent Fond du 
Lac County sheriff’s deputies out 
looking for a cause.

Geologists say the booms were 
likely a phenomenon commonly 
known as an ice quake. It’s caused 
by water that sinks into the soil 
and bedrock where it freezes and 
expands, causing an explosive pop-
ping sound that feels like a mild 
earthquake.

University of Wisconsin-
Milwaukee seismologist Brett 
Ketter tells Action Reporter Media 
he experienced an ice quake this 
week and initially thought the pipes 
had burst in his house. Ketter said 
he ran outside in his slippers to see 
if something had hit his house.

Information from: The 
Reporter Media, http://www.fdl-
reporter.com
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Indoor Geology

When thinking of a career in geology, 
you may be picturing yourself clamber-
ing up a steep slope to get a close look at 
a great outcrop, measuring strikes and 
dips, observing structural details, and 
possibly taking a sample. That’s great 
if being outdoors and spending a lot of 
time on the road appeals to you, as it 
does to many, but what about students 
who are interested in geology but are not 
especially agile or outdoor enthusiasts, 
or maybe have some condition that pre-
vents them from going up a slope very 
well, if at all? Does that mean ruling out 
a career in geology? Hardly.

Although I am somewhat clumsy and 
awkward, and I have a knee that has 
the potential of leaving me unable to 
walk and stranded who-knows-where, 
my undergraduate advisor didn’t dis-
courage my interest in geology, but he 
did wisely suggest that I pursue the 
idea of a non-field career. There are 
many opportunities to make a contribu-
tion that involve little, if any, fieldwork. 
Among them are the following:
• Geoscience Librarian. This was 

the first suggestion that my under-
graduate advisor made, although I 
didn’t follow it. But I have known 
several librarians where I work, 
and although none was a geologist 
when hired, they all quickly became 
de facto geologists so that they 
would be able to understand the 
staff’s requests and help with them. 
Having formal training in geology 
would be a big plus in giving a person 
a head start when pursuing such a 
job.

• Geoscience Editor. Editing tech-
nical manuscripts for publication 
in professional journals and gov-
ernment publications cannot be 
done well by someone who does not 
understand the terminology or the 
principles behind the work being 
reported on. Some organizations 
hire non-geologists for these posi-
tions, but they have to quickly learn 
a lot about geology. My employer has 
traditionally hired geologists to edit 
its publications. Having spent a few 
years at mid-career as a geoscience 
editor, I can attest to the value of 
understanding what you are editing. 
That was a mind-expanding adven-

ture for me because it forced me to 
think about aspects of geology that I 
had not thought about since I was in 
school. In addition to a broad under-
standing of geological principles, 
the work also requires excellent 
language skills, an understanding 
of editorial standards, and the mas-
tery of the specialized software that 
is used for putting the work into 
a presentable format for publica-
tion in print or online. An editor 
also must have good communication 
skills for dealing with authors and 
printing company representatives.

• Cartographer. Modern GIS (geo-
graphic information systems) have 
made it possible for field geologists 
to do more of their own map prepa-
ration work, but specialists are 
still needed who have the time and 
patience to master all of the details 
of operating this very complex soft-
ware. It takes a great deal of skill 
and patience to put the fine details 
on a map in a way that will make 
it presentable as a formal publica-
tion. Where I work, that task is 
done by geologists who specialize 
in GIS applications because, as is 
true regarding editors, cartogra-
phers need an understanding of 
what the map is intended to show 
to help them to do a better job and 
catch potential errors. 

• Remote Sensing Specialist. An 
exciting field in recent years, remote 
sensing is obviously how geologists 
who study other bodies in the solar 
system do their work. Much work 
on Earth is also being done via 
remote sensing, which can detect 
variations and patterns that are 
not obvious to the worker on the 
ground. This is another field that 
requires specialized training and a 
good understanding of physics.

• Curator. Among the most special-
ized people in the geological sci-
ences are the curators who maintain 
collections in museums and some 
universities and government agen-
cies. The materials curated can be 
anything from microfossils to boxes 
of drill core. This work requires 
excellent organizational skills and 
a keen eye for spotting things that 

are not what they are claimed to be. 
An excellent curator can even tell if 
a sample was not collected where 
someone claims that it was.

• Laboratory Geologist. This is 
where I have spent most of my 
career. The laboratory geologist is 
the person who can often (but not 
always) answer a common request 
from the field geologist. “I saw this 
when I was out mapping. Can you 
tell me what it is?” Using equipment 
that requires specialized training, 
such as an X-ray diffractometer or 
scanning electron microscope, it’s 
often possible to answer that ques-
tion. In addition to a background in 
geology, the work requires familiari-
ty with the equipment to be used and 
the principles behind how it works. 
Having the interest and ability to do 
what is necessary to keep that equip-
ment in good operating condition is 
essential. Developing a good rap-
port with the manufacturer’s service 
technicians is beneficial toward that 
end. As technology changes, it’s 
important to keep informed on new 
advances and to decide how, and 
whether, to incorporate them in the 
lab. There are many other instru-
ments and procedures besides X-ray 
diffraction and electron microscopy 
that are used in geology labs and 
that require specialists. For some 
geological projects, the laboratory 
is a central element, processing 
potentially hundreds of samples to 
gain a firm understanding of the 
mineralogy or geochemistry. In the 
mining industry, such work can 
assist in making the all-important 
decision as to whether a prospect is 
worth pursuing economically. 

• Teacher. This profession usually 
does not require a lot of field activ-
ity and, depending on the level 
and subject matter being taught, 
might not require any. Somebody 
teaching college-level stratigraphy 
should be able to take the class out 
to see some outcrops first-hand, 
but minimal field work is required 
for many other positions. Teaching 
requires a thorough knowledge of 
the subject being taught as well as  
excellent communication skills and 

John h. Barnes
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specialized skills that do not apply to 
other professions, such as the ability 
to relate to a younger generation. To 
teach at the high school level, spe-
cialized training and certification 
are required.

These are only some of opportunities 
to pursue geology away from the field, 
and none of these career paths has 
to completely exclude fieldwork. Many 
people in these disciplines combine their 
predominantly non-field activities with 
occasional trips to collect samples or 

to see things first-hand. Some labora-
tory people manage to divide their time 
50-50 between lab and field. But all are 
possibilities for those who have a strong 
interest in geology and, for whatever 
reason, are not interested in spending 
the bulk of their time in the field, or are 
not able to do so.

John H. Barnes is a registered 
Professional Geologist in Pennsylvania 
who holds a B.S. from the State University 
of New York College at Fredonia and an 

M.A. from the State University of New 
York at Buffalo, both in geology. He has 
worked at the Pennsylvania Geological 
Survey for nearly 44 years, mostly as a 
laboratory geologist who has occasion-
ally ventured into the field. He also spent 
two years at mid-career as a geological 
editor and, throughout his career, has 
written educational and technical pub-
lications for the Survey. For the past 5 
years he has been chief of the Survey’s 
Mineral Resource Analysis Section.

So Now You Are One

It may be safe to say that not too long 
ago you couldn’t spell paleontologist 
or geophysicist or whatever your “ist” 
is. Now you are one and anxious to get 
cranking. Great! Just a few words for 
thought on going forward.

In today’s workplace, as in the past, 
but especially in our more complex 
work environment where we have multi-
cultural, multi-generational folks work-
ing side by side, you will have to learn 
to work with people in a positive way. 
Many hardworking, bright folks want 
to move-up as rapidly as they can. No 
fault with that. The surest and quickest 
way to do that is by demonstrating you 
can work with others in a harmonious 
manner. Demonstrate that you can do 
your task really well and help others in 
doing theirs.

As a former project manager and office 
manager of environmental/engineering 
firms, I have witnessed young folks 
entering the work force and within a 
year or less expecting a management 
role. Admirable goal to be sure, but not 
practical. Build your skills, build rapport 
and gain trust with fellow workers. This 
will gain recognition with management 
and help on your way to more responsible 
positions.

Another situation to prepare your-
selves for is working in a different cul-

ture. Our culture values individualism, 
assertiveness and a time-is-money ethic. 
You may find yourself in an environment 
where the opposite is true. In many 
Asian cultures for example, the commu-
nity and relationship values are more 
important. If assigned to an unfamiliar 
country, read and research all you can 
about customs and expected behaviors.

Time permitting, take a course on 
conflict management or again research 
and learn about dealing with conflict. 
Conflict in the workplace is inevitable. 
Learn how best to deal with it as you 
enter the complex work environment of 
multi-cultural, multi-generational, and 
multi-discipline teams.

Larry is a past AIPG national 
president. He has a BS in Geology 
from Syracuse University and an MS 
in hydrogeology from Colorado State 
University. He is formally trained in 
environmental and public policy dispute 
resolution, and has numerous certificates 
of study in dispute resolution; includ-
ing a Certificate of Advanced Study in 
Dispute Resolution from the University 
of Denver. Larry is a hydrogeologist/
mediator/facilitator currently dealing 
with workplace conflict and public policy 
issues. 

Larry A. Cerrillo, CPG-02763

Midwest Earthquake 
Risk Still Looms 

After wreaking havoc 200 years 
ago with huge earthquakes that 
made the Mississippi River flow 
backwards, the New Madrid Seismic 
Zone has continued to rattle the 
Midwest with about 200 quakes 
every year.

Whether these tiny quakes mean 
the fault is old and dying or locking 
and loading for another massive 
earthquake has sparked a long and 
lively debate among scientists.

A new study suggests recent 
reports of the “death” of the New 
Madrid Seismic Zone were prema-
ture. Based on statistical computer 
models, which predict how many 
aftershocks from the 19th century 
quakes should hit the region, U.S. 
Geological Survey (USGS) scien-
tists think the past two centuries 
of earthquakes suggest the New 
Madrid Seismic Zone is popping 
more often than expected. Instead of 
slowing down, earthquake activity 
on the Reelfoot Fault continues at 
a sprightly pace.

Information from the  
SIGMA XI SmartBrief 

January 24, 2014
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Measuring Average Linear Velocity by Electrical 
Resistivity Surveying and Salt Tracers

 Ian Gottschalk, SA-4227

Abstract
Laboratory methods were used to measure the average linear velocity of a salt tracer through saturated media. Conventional 

electrical resistivity survey techniques were modified by combining two electrode arrays and using them to measure two electric 
fields to track the movement of a salt tracer through time. The velocity of the tracer was determined from known distance and 
time values using a resistivity time series and the geometry of diffusion in porous media. There was good agreement between 
laboratory experiment and theory, with a difference of less than 31%. This method has promise as an effective and simple 
method to assist in hydraulic property determination in aquifers. Requiring a single monitoring well is this method’s principal 
advantage over conventional field methods. In addition, no hydraulic properties need to be estimated.

Introduction
The hydraulic properties of aquifers serve as important tools for the field geologist. To determine these properties in the 

substrate, field work largely focuses on remote sensing. Determination of specific hydraulic properties of the ground relies on 
measurements at multiple points. Streams and outcrops, where the water table intersects the ground surface, provide a means 
to sample and observe water properties. For any further direct analysis of groundwater, monitoring wells must be installed. 
While useful for many purposes, monitoring wells and piezometers are expensive, costing approximately $1,500 for a shallow 
20-foot monitoring well (Rusty Wheat, PG, personal communication, 26 November 2013). Placing the wells must be done with 
prudence; unnecessary or redundant wells could waste time and resources.

Given the difficulties associated with monitoring wells, remote tracer tests have become a useful tool for hydrologists. 
Geologists of many disciplines use tracer tests as a method to understand subsurface features. Another effective method of 
geophysical remote sensing is electrical resistivity surveying. By inserting electrodes in the earth’s surface and sending a 
current through the ground, the geologist can observe the change in the electrical field with depth. This change in electrical 
field is a result of electrical refraction from changing conductance, which, in turn, is affected by changes in lithology, water 
saturation, or total dissolved solids in a saturated zone.

The goal of this study is to use methods of resistivity surveying in conjunction with salt tracer tests in a 2D groundwater 
model to determine groundwater velocity. Average linear velocity is normally calculated by theoretical formulae, using known 
hydraulic properties. Each measurement, with compounded error, can render an inaccurate result. The methods described 
here improve upon this approach because the average linear velocity is found directly.

Methods
Theory-Average linear velocity, v, is calculated with the commonly used formula
v=q/n=(K/n)(dh/dl) (Equation 1),
where q is the Darcy flux of the aquifer, K is hydraulic conductivity, n is porosity, and dh/dl is the hydraulic gradient. Each 

component of this equation requires field or laboratory investigation to determine its value which is then used to calculate v. 
If it were possible to observe a molecule of water, or a small slug of water, which could be approximated as a point particle, 

we could track the particle during travel in the aquifer and use the familiar equation for average velocity v, in which d is 
distance and t is time,

v=(d/t)  (Equation 2).
Using a concentrated salt tracer, it is possible to remotely observe a small salt slug as it passes through the aquifer over 

time by utilizing the symmetry of the concentration profile. Electrical resistivity surveying methods can then be used to 
track the slug in the aquifer over time. Since the electric field of the induced current in a substance with a given resistivity 
is hemispherical in geometry according to

E=r(I)/(2pr2)   (Equation 3),
where E is the electric field at a distance r, with a given resistivity ρ and current I (Lowrie, 1998). Because of this, the 

field lines in the neighborhood of the midpoint between the two electrodes, where the electric field is horizontal, will be most 
influenced by resistivity changes. Since the electric field will be most affected by a salt slug where the electric field is hori-
zontal, the subsurface resistivity will be minimized when the salt slug is at the midpoint of the two electrodes, provided that 
the concentration profile is symmetrical about its maximum.

To show that the concentration profile is symmetric, diffusion of the salt slug must also be taken into account. The salt 
slug will diffuse according to 
C(x,y,t)=(C0A)/(4pt√(DLDT) exp[-(x-(x0-vx t))2/(4DL t)-(y-y0 )2/(4DT t)]    (Equation 4),
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where C0 is the injected concentration in the area A, at 
point (x0, y0), with DL and DT the diffusion coefficients of the 
media in longitudinal and transverse directions to contami-
nant flow, respectively (Fetter, 1993 and De Josselin De Jong, 
1958). Equation (4) reveals that the injected slug will remain 
constant in bulk concentration, but will increase in area, and 
decrease in spatial concentration. Further analysis of equation 
(4) shows that the natural logarithm of the spatial concentra-
tion is elliptical in two dimensions, and would be ellipsoidal 
in three dimensions. Two and three dimensional ellipses are 
symmetrical about their centers. Therefore, the time at which 
a salt slug is directly beneath the center of the electric field can 
be pinpointed by the minimum of the resistivity time series.

Finally, the problem of a steady state aquifer must be 
addressed in conjunction with injecting a non-particle slug. 
Because of dispersion and the slug’s elongated shape, the 
minimum in the resistivity time series becomes flattened 
and it can be difficult to estimate the exact time when the 
slug is centered beneath the electric field. This is due to the 
wide area of high concentration of the slug, which intersects 
and distorts the electric field over a greater lateral distance, 
beginning to appear more like a subsurface layer than a point. 
This difficulty is illustrated in Figure 1, an example of single 
Wenner array tracking a salt tracer through time. The figure 
shows an obvious drop and trough of the resistivity through 
time. However, estimating the location of the minimum can 
be difficult. 

Utilizing the ellipsoidal shape of the slug and the hemi-
spherical geometry of the electric field, two adjacent electric 
fields can be passed through the salt slug. and will refract 
symmetrically when the slug is directly between the two 
electric fields. The point at which the apparent resistivities 
of the two electric fields match will be the point at which the 
slug is midway between the two adjacent fields.

Modle Setup and Experiment
The model consists of a tank filled with well-sorted, sub-

angular, very coarse sand, with grains averaging 1-mm 
diameter, and water, simulating an aquifer. The tank is 
composed of 1-cm thick Plexiglas, an electrical insulator. A 
ground resistivity survey is set up in the form of a duplicated 
Wenner array, such that four potential electrodes are placed 
inside two outer current electrodes with one shared current 
electrode in the center of the array (Figure 2). Each of the 
seven electrodes has a Wenner a-spacing of 8.33 cm. The 
dimensions of the model are 29.0 cm tall, 52.0 cm long, and 
2.7 cm wide. A power source, consisting of a six-volt battery 
connected to the end-most current electrodes, provides current 

through the entire model. Current is measured between the 
first two current electrodes and also the second two current 
electrodes, with a shared current electrode in the center. The 
voltage is measured between each pair of potential electrodes. 
The apparent resistivity ρE of the model for an a-spacing a is 
calculated as

rE=4paRw  (Equation 5),with  
    Rw=(V/I)  (Equation 6), 

and V is voltage and I is current.
Because only one power source is used to induce charge 

through the entire system, measured voltage decreases with 
distance from the initial current electrode. Nevertheless, the 
electric field remains constant.

A constant flow of water is pumped through the model until 
steady flow is attained. For this model, the tracer consisted of 
a NaCl-saturated salt brine mixed with azo food dye (Figure 
3). The salt brine serves as a good tracer because it contrasts 
with the low background conductivity of fresh water (Flury 
and Wai, 2003), as do azo-based food dyes (Bawa et al., 2013). 
At the time of injection, current and voltage is recorded for 
each electrode pair every thirty seconds. These data were 
used to compute the effective resistivity of the model at each 
time interval from each of the two Wenner electrode sets. 
This method of determining average linear velocity can also 
be compared to the velocity given by Equation (1).

 

Results
To calculate hydraulic conductivity K, varied discharges Q 

were recorded along with varied change in height dh. These 
measurements averaged a hydraulic conductivity of 0.77 cm/s. 
Porosity n was measured to be 0.40. From equation (1), the 
average linear velocity was found to be vx = 0.056 cm/s, using 

Figure 1.
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the observed hydraulic gradient of 0.029 for this model (dh/
dl = 1.5 cm/52 cm). Using experimental data, the resistivity 
values of each electrode array were plotted versus time as 
shown in Figure 4. The quantity ρ1 represents the resistivity 
of the upstream array, and ρ2 represents the downstream 
array. As expected, the effective resistivity drops first for the 
upstream array, reaches a minimum value, and begins to climb 
again. Simultaneously, the salt slug begins interacting with 
the electric field of the downstream array after a 360 second 
delay, indicated by an apparent resistivity decrease. At t=555 
seconds, while ρ1 is increasing and ρ2 is decreasing, the two 
resistivities are equal. This is the critical time when the salt 
slug is directly under the dual-Wenner array. Taking the time 
value of 555 seconds and a lateral distance of 23.5 cm from the 
injection well to the midpoint of the model, the velocity of the 
slug through the system equals 0.042 cm/s. This differs from 
the vx from equation (1) by 0.013 cm/s, or 31%.

To verify the testing procedure, the concentration equa-
tion (4) was evaluated over time at two fixed points: the first 
centered under the first Wenner array, and the second point 
centered under the down-gradient Wenner array. For longi-
tudinal and transverse dispersion coefficients, experimentally 
derived values for coarse sand in saturated media were used 
consisting of DL=0.1, and DT=0.01 (Badv and Faridfard, 
2005). Injection area A was estimated to be 1 cm2. The injec-
tion concentration C0 was found by saturating the brine with 
salt at 100°C (Solubility Data Series Database). To calculate 
the resistivity-derived average linear velocity, the directly 
measured value obtained from the model, 0.042 cm/s, was 
used in equation (4).

By plotting the theoretical contaminant concentration at 
point (12.5-cm, 0-cm) through time, maximum concentration 
was determined to be 0.046 g/kg at 165 seconds (Figures 5 and 
6). At the point (37.5-cm, 0-cm), the maximum concentration 
(Cmax) of 3.3 x 10-7 g/kg occurs at 735 seconds. At the midpoint 
(x=25 cm) Cmax is 9.96 x 10-5 g/kg at 435 seconds (Figures 
5 and 7). Using this elapsed time to find velocity yields vx 
= 0.0575 cm/s. The theoretical time value differs from the 
experimental value by 120 seconds, and velocities differ by 
0.0155 cm/s, or 36.8%.Comparing the velocity derived from 
equation (4) to velocity derived by equation (1), the difference 
is 0.0025 cm/s, or 4.3%.

discussion
The results of the theoretical analysis compare well with 

the experimentally-derived results. The experimental value 
of vx lies within 0.013 cm/s of the value from equation (1). 

Velocity from equation (4) differs more significantly from the 
experimental velocity. However, equation (4) doesn’t seem to 
be an accurate benchmark for evaluating vx, in this experi-
ment at least. In equation (4), the factor which affects the 
movement of the tracer the most is the longitudinal hydro-
dynamic dispersion coefficient DL. Only general literature 
values were available for saturated media, estimated to be 1 
x 10-2 cm/s for medium to coarse sand, and 1 x 100 cm/s for 
fine gravel (Rowe and Badv, 1996, Kemper and Van Schaik, 
1966). A grain diameter of 1-mm lies on the boundary between 
coarse sand and fine gravel, and hence DL could vary over 
three orders of magnitude, from 1 x 10-2 cm/s to 1 x 100 cm/s. 
A change of only one order of magnitude from DL = 0.1 to DL 
= 1.0 shifts the time of maximum concentration at (25 cm, 0 
cm, t) to t=105 seconds, and if DL = 0.05, maximum concentra-
tion is found at t=555 seconds, equivalent to the experimental 
value. Therefore, without knowing a more specific diffusion 
coefficient, the concentration equation (4) has a very high 
uncertainty, and isn’t useful to cross-check the experiment.
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The 2D model only approximates the true 3D situation. The 
longitudinal setup for the experiment depends on groundwater 
moving parallel to the electrode array. In the 3D case encoun-
tered in the field, two separate Wenner arrays positioned 
transverse to groundwater flow of a known distance apart could 
also be used. As the tracer passes between the two groups of 
electrodes, each array acts as a time gate, measuring a drop 
and rise in apparent resistivities. The respective resistivity 
minimum for each array determines when the center of the 
tracer passes through that array. This array may be more effec-
tive than the longitudinal dual-Wenner array, as long as the 
brine slug does not diffuse into background noise by the time 
it reaches the second “time gate.”

A vector extension of this experiment could help deduce 
groundwater velocity magnitude and direction components in a 
3D setting. Two separate, orthogonal longitudinal dual-Wenner 
arrays (or perhaps transverse “time gate” arrays) could be set up, 
bisecting the hypothesized hydraulic gradient, down gradient 
from a monitoring well. A salt slug resistivity survey produces 
two simple vectors of resistivity through time, which could be 
manipulated to solve for average linear velocity vectors in the 
directions of the respective setups. 

Conclusion
This laboratory experiment simulates the resistivity changes 

occurring in groundwater as a brine tracer moves through the 
substrate. Use of two resistivity electrode arrays allows the pre-
cise determination of the elapsed time for the tracer maximum 
concentration to occur at the midpoint between the arrays. This 
value is a direct measurement of the average linear velocity for 
the salt tracer. Field implementation of this technique would 
require only one well for introduction of the tracer slug, signifi-
cantly reducing the expense of tracer tests. 
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national Mining hall of Fame & 
Museum Appoints new Executive 
director

Leadville, CO – January 14, 2014: After a nation-
wide search, the Board of Directors of the National Mining 
Hall of Fame & Museum (“NMHF&M”) has appointed Dr. 
Stephen L. Whittington as its new Executive Director. Dr. 
Whittington brings more than 20 years of experience in lead-
ing successful museums, as well as an impressive background 
in academics, publications and community involvement. Most 
recently the Director of the Museum of Anthropology at Wake 
Forest University in Winston-Salem, NC, Dr. Whittington 
is also Director of the Teozacoalco Archaeological Project in 
Oaxaca, Mexico.

Chairman of the NMHF&M Board of Directors, Paul C. 
Jones said, “We are very pleased to have someone of Dr. 
Whittington’s caliber as our next Executive Director. He 
brings to our organization sound knowledge and expertise 
in museum management.” Jones continued, “We believe Dr. 
Whittington’s capabilities will take the National Mining Hall 
of Fame & Museum to the next level of national recognition 
in order to achieve our goal of telling the story of mining, its 
people and its importance to the American public. We welcome 
Dr. Whittington as a key member of our organization.”

A native of Denver, Colorado, Dr. Whittington has spent 
much of his career on the East Coast, serving as a Director 
on the Boards of several state and regional museum associa-
tions, including an appointment by the Governor of Maine to 
the State Museum Commission. Earlier in his career, he was 
involved in geology fieldwork, interned at a geological museum, 
worked as a paralegal on a case involving the uranium industry 
and now welcomes the opportunity to move back to Colorado 
and into the mining industry. Dr. Whittington will assume his 
responsibilities at the NMHF&M in Leadville in early March.

In addition to his post at the Museum of Anthropology 
at Wake Forest University, Dr. Whittington is an Adjunct 
Associate Professor of Anthropology there. He has also done 
archaeological research in several Latin American countries. 
Prior to his engagement at Wake Forest University he served 
as Director of the Hudson Museum at the University of Maine, 
was Project Coordinator of the College of Health and Human 
Development at Pennsylvania State University, Assistant 
Curator of Collections at the Wyoming Historical &Geological 
Society in Wilkes-Barre, PA, and he has served in several other 
related positions. Dr. Whittington holds a Ph.D. and an M.A. in 
Anthropology from Pennsylvania State University and an A.B. 
in Anthropology from the University of Chicago. He is active 
in the Society for American Archeology and the Association 
of Academic Museum & Galleries among other professional 
organizations, and he has authored and reviewed numerous 
technical publications.
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A Professional Legacy 
(A message for students as viewed 

from the other end of a career)

After 40 years in the profession I 
figure it is about time I start anticipat-
ing those days when I will be looking 
back at a career with fond memories of 
all the fun, excitement and rewarding 
experiences enjoyed during those many 
years. The thought of retirement brings 
visions of playing with grandchildren 
and spending more time at the golf 
course and in the backyard – not bad 
really – but when any change of lifestyle 
is approaching, there is a little uneasi-
ness associated with it. Will I miss the 
stimulation that an active professional 
life offers? Will I miss the daily camara-
derie with associates and colleagues? Of 
course the answer is yes, but there could 
be larger questions. What will I leave 
behind? How will I be remembered? Or 
more exactly, what will be my profes-
sional legacy? Will it be worth anything?

Is it egotistical to be concerned with 
how one is remembered? I don’t think 
so. In fact, it should be somewhat of 
a priority and a motivating factor to 
all professionals who are concerned 
with passing on a bit of the knowledge 
and experience gained by working in 
the trenches. Young professionals and 
students can benefit immensely from 
association with senior professionals, 
and the reverse is true as well. The 
older help the younger by downloading 
real life examples of problems being 
solved, risks versus rewards, ethical and 
moral choices, making good but hard 
decisions and the benefits of building 
relationships. At the same time, the 
younger help the older by showing them 
how to use their new smartphone (just 
kidding), younger folks provide energy, 
enthusiasm and new ideas - they are the 
lifeblood of any organization concerned 
with growth and long-term success. 
With time, the young professional will 
accumulate experiences first hand and 
will be charged, in turn, with the respon-
sibility of passing knowledge to the next 
generation. So the process of training, 
learning and mentoring goes on, and one 

can never be sure of that point in time 
when the transition from beneficiary to 
benefactor takes place. It most assuredly 
is a gradual thing that probably begins 
much earlier that you realize. 

My awareness of the value of a profes-
sional legacy was brought home to me 
a few years ago as I talked with one of 
my first bosses, Ray Throckmorton, who 
had retired some 20 years earlier. Ray’s 
sincere interest in how I was doing and 
his continued involvement in profes-
sional activities long after his retire-
ment showed me just how valuable my 
relationship with him had been. He was 
a great mentor and teacher. When I first 
started working, I was fortunate to find 
a company headed by Ray and others 
like him. It was a company that truly 
invested in the young professionals they 
hired. Not just in salary, which seemed a 
little low at the start, but by the way the 
senior management treated the newest 
members of the professional staff. We 
were looked upon as true professionals. 
We were given credit for having respon-
sibility and good judgment. Because it 
was a fairly small company, there was 
a lot of opportunity to work together, to 
collaborate with and learn from the more 
senior guys, to hang out at lunch and talk 
about so much more than just the daily 
workload. We talked about how to man-
age clients, how to really get things done, 
how to balance professional responsibili-
ties with home life, family expectations, 
church activities, hobbies and travel. 
We were shown, by example, that it was 
important to do your best, to not just be 
adequate but to be better than expected. 
Issues of ethics and professional conduct 
were not taught or verbally explained so 
much as they were exemplified by daily 
practice. As I look back at those early 
years now, admittedly though some rose-
colored glasses, I can’t help but think 
that I was the recipient of a treasurable 
professional legacy – one that I must 
value and someday entrust to others. 

Because others will someday look 
back at your body of work, your list of 
accomplishments and most importantly 
your professional conduct, to hopefully 
draw some helpful insights, it is impor-
tant to pay attention to all those things 
that contribute to the value of your 
eventual professional legacy. By paying 
attention I mean by giving it your best 
and doing what you know is right. 

At a recent geotechnical staff meeting, 
I asked our younger professionals if they 
could tell me at what point they know 
that they are done with a project, and I 
gave them some choices. Is it when you 
finish and send the report, when you 
send the bill, when the company gets 
paid, when the client is satisfied, when 
the project is built, when you pass the 
statute of limitations on your work, when 
you leave the company, or when you die? 
My point was to drive home the fact that 
the things we do have long-term conse-
quences. I explained that many times I 
pull out old files because a current project 
is of similar nature or located near an old 
project. As I read the archived file, I may 
be impressed one way or the other with 
the quality of the work done by myself 
or others years ago. In many cases, the 
old information and the reasoning that 
went into a recommendation prove very 
helpful. I would not like to find defective 
or embarrassing work with my name on 
it, and others finding such would not be 
well served. It shows that the influence 
of our work can outlive our expectations. 
So can the influence of our conduct.  

One day years ago I met a colleague 
for lunch at a small fast food restaurant. 
My friend was at the counter in front 
of me when he ordered a sandwich and 
then asked for a cup for water. I then 
watched him go to the drink machine. 
At first his hand hovered over the button 
labeled “water” but quickly moved to the 
“lemonade” dispenser. That little move 
saved him about a dollar. Maybe it was a 
subconscious thing and he forgot that he 
ordered water; but it left an impression 

Lawrence C. Weber, PG, CPG-07120
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with me. I don’t think I ever felt quite 
as sure about that person’s trustworthi-
ness and honesty from that moment on. 
Maybe it is shallow of me for letting such 
a little thing bother me, but I don’t think 
I am alone in recognizing the potential 
significance and consequences of even 
the little miscues. For sure, none of us are 
perfect, and I have had my own embar-
rassingly weak moments that could be 
thrown up as examples of bad behavior. 
There is no doubt that such things have 
a cost, and we will never know what we 
have lost because of minor indiscretions. 
We should try hard to eliminate from our 
style and pattern of behavior things that 
harm our professional reputation and 
limit our influence with others.

A professional legacy is not something 
you can just decide to develop at the last 
minute. It is something that is akin to 
your resume. It is built over the years 
and is a reflection of who you are and 
what you have done. Therefore, con-
sider building some value to what will 
become your legacy in years to come. 
Start early in recognition that all of 
your work and actions are cumulative. 
Consider documenting experiences and 
lessons learned. As time goes by, share 
your experiences with others who want 

to learn. I was a fortunate recipient of 
a professional legacy passed down by 
those who gave me time and opportunity 
at the very beginning of my professional 
life. I hope that you can find that kind 
of leadership and mentorship wherever 
you decide to practice and that you will 
prepare yourself to be mentor someday. 
At any stage in your career, the idea of 
guarding and enhancing your profes-
sional legacy will serve you well. 

Larry Weber is a principal geologist 
with TTL, Inc in Nashville TN. He began 
his career as an engineering geologist in 
1973 with Geologic Associates, Inc. He 
was a principal owner of, Geosciences  
Design Group, LLC, from 1995 to 2007 
prior to merging operations with TTL. 
He is a past president of AIPG.

As of As of 

12/17/12         1/24/2014

CPG / Active 3459 3,369

CPG / Non-Practicing 368 398

Prof. Member 1038 1043

Associate Member 46 48

Young Professional 33 76

Student Adjunct 1,733 2,649

Corporate Member 2 1

ToTAlS 6,679 7,584

AIPG Membership Totals

Section news can now be found on 
the AIPG website at http://aipg.org/
sections/sectionnews.html

new Applicants and Members 
can now be found on the AIPG web-
site at http://aipg.org/membership/
newappsmems.html Are your

 2014 
  dues paid?
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a message from liberty mutual insurance

Shedding Light on  
   night driving

By Gary Stern 

Night driving poses some special challenges and surpris-
es. In fact, according to the National Safety Council (NSC), 
night driving accounts for three times as many traffic-related 
deaths as driving during the day. Recognizing hazards 
specific to night driving can help keep you and others safe. 
Here are some important night driving tips. 
• Get plenty of rest. Some studies estimate that 15 to 33 

percent of fatal crashes involve drowsy drivers. With 
drowsy-driving accidents, fatalities and injuries are more 
likely to occur than in crashes where the driver is alert. 
If you’re tired, try to find a place to safely stop and get 
some rest.

• Time to react. Drivers should provide at least three sec-
onds of leeway for cars in front of them at night—and more 
during inclement weather. You should also scan the road 
ahead for potential danger. In neighborhoods, bicyclists 
or children might run into the road, and on the highway, 

cars in front of you can make sudden stops.

• Teen education. Research shows that a 16-to-19 year-
old being involved in a fatal crash is four times higher 
at night than during the day. Young, inexperienced driv-
ers often lack the savvy to deal with difficult situations. 
Educate your teen driver about driving safely at night.

• Headlight know-how. When faced with another vehicle’s 
high beams, keep your eyes on the right edge of the road 
to guide you. Adjust your rearview mirror to avoid the 
glare from high beams from the vehicles behind you. And 
don’t use high beams with oncoming traffic or when behind 
another vehicle.
To learn more about Liberty Mutual Auto and Home 

Insurance or get a free, no-obligation quote, call 1-800-524-
9400 (mention client # 111397) or visit libertymutual.com/
aipg.

Coverage underwritten and provided by Liberty Mutual 
Insurance Company and its affiliates, 175 Berkeley Street, 
Boston, MA 02116. ©2014 Liberty Mutual Insurance

Liberty Mutual is proud to partner with AIPG to provide 
you with relevant auto and home safety tips for the way you 
live today.

Reprinted with permission from Liberty Mutual

                                                student news

december 2013 AIPG 
California Section- UC 
davis Student Section 
meeting 

This meeting was held at  the University 
of California at Davis.  The guest speak-
er was Vic Chevillon, President and 
Consulting Exploration Geologist of 
Chevillon Exploration Consulting.  He 
spoke about the Cordero Project in south-
ern Chihuahua State, Mexico which 
offers a classic, ongoing discovery case 
history of major mineral deposit and the 
effects of market fluctuations and puni-
tive government action on developing the 
deposit into a world class mine. Cordero 
is a bulk tonnage Ag, Au, Zn, Pb discovery 
in an open pit mining configuration in 
the center of one of two porphyry belts 
defined and explored by an accelerated 
four phase exploration program that 
began in 2009.  Today the grid drilling 
to delimit and define mineral resources 
continues in a recently acquired claim in 
the center of the deposit. The talk was 
well received by those in attendance.

Photo of meeting attendees. Take by Olivia Jacobs.
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Preparing our Workforce (POW) 
Project American Geosciences 
Institute (AGI)

One of the greatest challenges faced 
by soon-to-be graduates is the process of 
starting a career and identifying the best 
employment opportunity that fits both 
their strengths and motivations. Career 
advice is provided by individuals, either 
faculty or non-academic geoscientists, 
and that advice often reflects the singu-
lar experiences of that individual and 
the field in which they are employed. 
This interaction is a crucial insight for 
geoscience students, but such career 
mentoring can be made easier for the pro-
fessional and more broadly applicable to 
the student.

The American Geosciences Institute 
(AGI) is developing a new program for 
geoscience undergraduate and gradu-
ate students to help them successfully 
transition into the workforce, called 
the Preparing our Workforce (POW) 
Project, which is being integrated into 
the joint AGI-AIPG Geoscience Online 
Learning Initiative (GOLI). The first 
component of these efforts is the POW 
Career Discussions online course, which 
guides professionals through a modern-
ized process of effective communication 
about the diverse opportunities that 
geoscience careers offer. The POW Career 
Discussions course focuses on engaging 
students to evaluate their interests and 
strengths and then encouraging them to 
examine how this unique combination 
can lead them to effective employment. 
Since one of the greatest challenges for 
students is to recognize the breadth of 
geoscience career opportunities beyond 
the traditional major employment vec-
tors, such as in the petroleum industry, 
academia, or the environmental sec-
tor, the course equips the professional 
with tools and knowledge to successfully 
engage students in broadening their 
world view. Likewise, the course also 
facilitates the bridging from the broad 
world of geoscience careers to the deeply 
informative experiences of an individual 
about their career and expertise. 

In the fall of 2012, AGI piloted career 
discussions modeled after the POW 
Career Discussions course as part of 
the Workforce Program’s efforts to help 
fill the workforce supply gap. During 
this pilot project, AGI representatives 
traveled to different geoscience depart-
ments to present pertinent geoscience 
workforce and career information to 
Bachelor’s, Master’s and PhD students. 
The presentation facilitated discussions 
with the students about their percep-
tions on the geoscience job market and 
how to approach their career searches 
differently by “thinking outside the box.” 
Specifically, the presentation addressed 
the variety of geoscience professions 
available to students and discussed 
what skills are needed for these occupa-
tions, what trends are seen within the 
workforce and how to network effec-
tively in the job search. To supple-
ment the discussion, AGI provided free 
“Geoscience Career Guides” that contain 
an Infographic depicting a sample of the 
variety of geoscience occupations avail-
able in different employment sectors, 
sample job search activities, advice from 
practicing professional geoscientists and 
a tri-fold brochure with networking 
advice.

The keystone piece of these career 
discussions is this Infographic that 
AGI staff developed to represent the 
geoscience workforce in a cohesive inter-
disciplinary light. The Infographic helps 
students and those entering the work-
force redefine what it means to have 
a career in geoscience. Having a suc-
cessful geoscience career is not solely 
about mastering the technical fields of 
study, but additionally includes how 
one can seamlessly integrate interests 
and competencies to build a professional 
portfolio that will bolster the geoscience 
career. Recognizing the importance of 
emphasizing the transferability of skills 
across different fields is imperative to 
students’ and new hires’ employabil-

ity as geoscientists. This image is not 
meant to be definitive, but rather is 
used as a tool to help those entering 
the workforce think “outside the box.” 
The colored rings signify the different 
sectors where geoscientists work. The 
wedges, in turn, represent the fields 
where geoscientists are employed and 
include different examples of occupa-
tions. Where the wedges intersect with 
the rings indicate that those fields are 
included in those sectors.

The POW Career Discussions course 
will get participants acquainted with 
the information and materials and 
is designed to familiarize practicing 
geoscientists with workforce statis-
tics, communication and engagement 
strategies and networking tips to effec-
tively facilitate discussion with the 
audience. Registration is now open for 
the course. Upon successful completion 
of the course’s activities and assess-
ments, registrants will have access to 
the PowerPoint presentation and docu-
ments. In addition, AGI will supply all 
professionally printed materials to those 
interested in giving these career talks to 
geoscience students in their area. If you 
are an employed geoscientist and would 
like to register for this FREE course, 
please go to: www.agiweb.org/workforce 
and look for the POW registration link. 

Preliminary evaluation of the use of 
the POW Career Discussions approach 
shows the program to be highly success-
ful and effective in informing geoscience 
students about the plethora of tradition-
al and non-traditional career opportuni-
ties. Students’ awareness of geoscience 
careers increased and participating fac-
ulty indicated that the presentations 
are one-of-a-kind filled with practical 
information, advice and anecdotes that 
introduced students to a new way of 
approaching the job search. 

A critical discovery by AGI during 
the development of the initial POW 

heather R. houlton, AGI
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course was a robust understanding of 
the skills and competencies which stu-
dents often need, but also often lack, to 
be best prepared to enter the workforce. 
As a result, and part of the Geoscience 
Online Learning Initiative, new online 
short courses are being developed to 
provide additional learning opportuni-
ties to bolster students’ skills to improve 
their workplace readiness upon gradu-
ation. In collaboration with AIPG, AGI 
is developing these online, short (1-5 
hour) asynchronous courses through 
GOLI to provide additional training for 
students. These courses will use stu-
dents’ raw knowledge gained from their 
geoscience programs and build impor-
tant skill-sets that are frequently used 
within geoscience occupations. AGI staff 
will work with experienced professional 
geoscientists who will be the “Content 
Authors” and develop the curriculum 

that will effectively teach the necessary 
skills one needs to pursue different 
occupations. The second POW course 
called Information Literacy is currently 
being developed with Sharon Tahirkheli, 
Director of Information Services at 
the American Geosciences Institute, 
who directs GeoRef. The Information 
Literacy course is aimed to teach under-
graduates how to conduct successful 
literature reviews and critically assess 
informational sources. The course will 
be available spring of 2014 for students 
to register. 

If you are a student or recent grad-
uate and would like more informa-
tion about geoscience careers, training 
opportunities and networking advice, 
contact AGI’s Workforce Development 
Specialist, Heather Houlton at hrh@
agiweb.org. 

If you are an active geoscience profes-
sional and would like to become more for-
mally involved with the POW Initiative, 
see below for opportunities in which you 
can become more formally involved in 
successfully transitioning our students 
into geoscience careers. 
1. Work with AGI staff to author an 

online course based on your exper-
tise related to key geoscience work-
force readiness skills. 

2. Host a geoscience careers discussion 
with a geoscience department near 
you! Register for the POW Career 
Discussions course and become a 
discussion facilitator. 

For any workforce-related or POW 
questions, feel free to go to AGI’s 
Workforce Program’s homepage at www.
agiweb.org or contact AGI’s Workforce 
Development Specialist Heather Houlton 
at hrh@agiweb.org. 

preparing our worKforce (pow) project
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preparing our worKforce (pow) project

Revisions Are Needed to New 
York’s Seismic Building Code

Introduction
The Building Code of New York State 

(NYSED, 2009) was first developed in 
the 1940’s with major revisions enacted 
in the 1960’s, 1984, and 2003. As with 
most building codes, it seeks to strike 
a balance between community protec-
tion and acknowledgement of real-world 
risk in combination with the economic 
realities needed to improve, expand, and 
modernize private property and public 
infrastructure. But the geologic basis 
upon which much of this code relies is 
changing and it is now time to re-visit 
the underlying assumptions upon which 
the Building Code of New York State was 
created and adjust them to the present-
day realities of seismic risk that are 
facing New York and other parts of the 
northeastern United States. 

Current Code Basis
Within New York State, the first 

step in calculating seismic design loads 
is to identify what risk or hazard zone 
the proposed structure will stand on, 
as shown in Figure 1 (MCEER, 2013a). 
These zones are based on the expected 
peak ground accelerations that rock or 
stiff soil will experience during an earth-
quake. These zones were first designated 
by the code in 1993 and have essentially 
remained unchanged over the past 20 
years. 

Zone D is considered to be the highest 
risk seismic zone in New York with a pro-
jected peak ground acceleration of 0.18g, 
while zone A is half of that at 0.09g. 
One g is the acceleration due to gravity 
at the Earth’s surface or 9.8 meters per 
second squared. Peak ground accelera-
tion refers to the maximum acceleration 
that the ground will experience during 
an earthquake and is used to calculate 
expected shearing and tensional forces 
on a building. These force estimates are 
utilized when designing structural mem-
bers; similar to wind and snow loads. 

Once the site’s seismic risk zone is 
selected, underlying geology is analyzed 
by identifying the bedrock and the soil 
type beneath the proposed structure 
(MCEER, 2013b). This can be done using 
in situ assessments such as the ASTM 
standard penetration test or various 
types of laboratory analyses. One of five 
coefficients is applied, depending upon 
the type of soil present, ranging from S0 
for rock material, with an amplification 
factor of 0.67, to S4 for soft clays, with 
an amplification factor of 2.5. Soft clays 
are more prone to movement during seis-
mic events and therefore have a higher 
amplification factor. 

Another consideration that must be 
evaluated as part of the overall soil 
seismic assessment is the potential for 
liquefaction, which occurs when a soil 
loses all load-bearing capacity and essen-
tially behaves as a fluid. In the standard 
penetration test, liquefaction potential 
can be evaluated using blow counts and 
depth to ground water. 

Once soil and geologic factors are 
established, the next step in assessing 
seismic risk under the current code is 
determining the occupancy category for 
the proposed structure. There are four 
occupancy categories: essential, hazard-
ous, special, and standard, based on such 
characteristics as the nature and use of 
the building, type of occupancy, and its 
overall societal importance. An impor-
tance factor is assigned to the structure 

that, in effect, weights the value of the 
building with regards to its usefulness to 
or impact on the community. For essen-
tial buildings (police stations and hospi-
tals) and hazardous facilities (petroleum 
refineries) the importance factor is 1.25. 
Special buildings (colleges and universi-
ties) and standard occupancy facilities 
(any building that does not fall in the 
other categories) have an importance 
factor of 1.0. 

The final step is to determine the 
vertical and horizontal stability of the 
structure by examining its strength, 
weight, anticipated load, resistance to 
lateral forces, and the size of each floor. 
If the layout or design of a floor within 
a proposed structure is inconsistent 
with adjacent floors, then amplification 
factors for the change in the period of 
vibration are used to magnify proposed 
earthquake loads, assuming the building 
design may not be altered. Other modifi-
cations may include providing stronger 
structural connections between floors 
and extra reinforcing bars in concrete 
at floor junctions. Amplification factors 
can be used to correct for design or use 
inconsistencies such as the shape of the 
floor, its mass, anticipated structural 
loads, or different construction materi-
als. These inconsistencies can cause an 
individual floor to vibrate at a different 
period, which could alter the overall 
period of vibration of the entire build-
ing. Buildings that vibrate at the same 
period as the ground are more prone to 
damage because the structural compo-
nents move together with the ground and 
may result in resonance; the tendency 
of a building to oscillate with greater 
amplitude at some frequencies than at 
others (Elsesser, 2014). If a building has 
an irregularity, then in addition to the 
standard load combinations for which 
structural members must be designed, 
the presence of an irregularity must be 
taken into account as part of the seismic 
design. 

demetrio Criscuolo and Christopher hernandez, 
Civil and Urban Engineering department,  
nYU Polytechnic, Brooklyn, new York

Figure 1 – New York State Seismic Zoning 
Map (from MCEER, 2013a).
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In summary, the seismic code requires a consideration 
of the location, likely ground motion (seismic acceleration), 
underlying geology, soil type, and building configuration 
in order to design a structurally stable building capable of 
withstanding an earthquake of a magnitude that is probable. 
The seismic code provides for a highly adjustable and cus-
tomizable approach that allows for the flexibility necessary 
to economically and safely develop sites and buildings within 
a geologically and geographically diverse state such as New 
York. However, the Building Code of New York State lags 
behind current geologic (seismic) thinking and needs to be 
updated in several key areas.

Basis For Revisions To The Seismic 
Code 

There are three reasons to consider revising New York’s 
seismic building code: increased awareness of seismic activity; 
under-estimation of peak ground motions and their conse-
quences; and potential anthropogenic influences on seismic 
activity.

(a) Increased Awareness of Seismic Activity
New York is a geologically active area (Figure 2). According 

to the U. S. Geological Survey (USGS), in the last 40 years 
New York State has experienced several earthquakes, with 
the largest being a 5.3 magnitude event in 1983 in the Blue 
Mountain Lake area of the northern Adirondacks in upstate 
New York (Figure 2; USGS, 2012a). In describing the Blue 
Mountain Lake earthquake, the USGS stated: “…although this 
earthquake caused only minor damage, it was felt over a wide 
region, including two Provinces in Canada and 12 States.” New 
York State has experienced five measureable earthquakes in 
2013 (Earthquake Track, 2014).

The most damaging earthquake in New York State was a 
5.8 magnitude event that took place in 1944 near Massena. It 
was felt as far east as western Maine, west to Indiana, north to 
Canada, and as far south as Maryland, covering over 450,000 
square kilometers (approximately 174,000 square miles). As a 
result of the damage this earthquake caused the area around 
Massena in northern New York is in seismic hazard zone D 
and has the most stringent earthquake code requirements in 
the state. 

The USGS record of earthquakes felt in New York goes back 
less than 400 years, to 1638. Seismologists at the Columbia 
University Lamont-Doherty Earth Observatory have stated 
that: “…magnitude six earthquakes take place in the area 
about every 670 years, and sevens every 3,400 years” (Sykes 
et al., 2008). Given the limited historical data, an earthquake 
of magnitude six or even seven is possible, and becomes more 
probable as time proceeds. The 670 year benchmark may be far 
into the future, or it may have already passed. Regardless, all 
that is required to cause catastrophe within New York is one 
single earthquake over a magnitude of four or five, the bench-
mark that most buildings have been designed to withstand. 
A stricter seismic code would reduce the risks and hazards of 
such a catastrophe and provide a much needed safety factor 
to bring new and re-developed structures into alignment with 
a more modern view of New York’s seismic setting. 

(b) Underestimated Peak Ground Motions And Their 
Consequences

The seismic code in New York State needs to be updated to 
account for new thinking on potential relative ground motion 
and their respective peak ground acceleration due to earth-
quakes. When the seismic code was established, New York’s 
building code council determined likely ground motion accel-
erations empirically and, within the code, ground motion accel-
erations are not specifically related to earthquake magnitude. 

The Multidisciplinary Center for Earthquake Engineering 
and Research (MCEER) at the State University of New York 
in Buffalo found that seismic code values for ground accelera-
tion within each seismic zone fall below what is expected and 
may be greater than what is likely by only 10 percent over 
the next 50 years (MCEER, 2013b). The potential effect of 
this disparity is shown on Figure 3 (Figure 10 of NYSDOT, 
1998). The NYSDOT (1998) report explains that “if a common 
design probability level (or return period) is used in all regions 
(e.g. 10% exceedance in 50 years), the chances of occurrence 
of higher ground motions than the design ones are greater 
in low seismicity zones than in high seismicity regions. This 
is due to the fact that in high seismicity zones, the design 
ground motions are closer to those associated with maximum 
earthquakes. In Western USA (e.g. coastal California), the 
ratio between spectral accelerations for the 2 and the 10 
percent probability of exceedance in 50 years events is about 
1.5, whereas it varies between 2.0 and 5.0 for Eastern USA.” 

revisions are need to new yorK’s seismic building code

Figure 2 – Earthquakes in and near New York State since 1973 (U.S. 
Geological Survey, 2012b).

Figure 3 - Seismic Hazard in the Eastern and Western United States 
(NYSDOT, 1998).
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An expert panel assembled by the NYSDOT for its report 
considered the ratios to be between 3.5 and 4.0).

 This effect is primarily is due to the differences in the 
depth of earthquake foci – shallower in the east and deeper 
in the west. 

State agencies also must consider residual effects of a 
seismic event on urban infrastructure. For example, Indian 
Point, a nuclear power facility, provides nearly 2,000 jobs to 
residents in the area and roughly 30 percent of New York City’s 
and Westchester County’s power. The Indian Point Nuclear 
Energy Center has been a topic of contention among public 
officials and with environmental groups regarding its contin-
ued operation. Licenses for the two reactors at Indian Point 
expire in 2013 and 2015. The Ramapo fault system is close 
to Indian Point and seismic activity along this fault system, 
as recently as 1980, has been well documented (Jacob et al., 
2004). In addition, bridge and high rise damping systems in 
New York City are not designed to withstand a future that 
includes more frequent and higher magnitude earthquakes. 

Very important factors to keep in mind when determining 
the risk and hazard posed by earthquakes are the increases 
in intensity and ground acceleration with magnitude. A 
magnitude six earthquake consists of 32 times more energy 
than a magnitude five seismic event and produces ten times 
higher ground acceleration. The New York City area is likely 
to experience potential peak ground accelerations of roughly 
0.3g due to seismic activity (Figure 4). This ground accelera-
tion is commonly seen in earthquakes of magnitude 5.5 and 
higher. An earthquake on the east coast that results in ground 
motion acceleration greater than current seismic code design 
requirements anticipate as likely to occur within the next 50 
years would cause buildings to be subject to deformations one to 
four times larger than those for which they have been designed 
(Figure 3; NYSDOT, 1998). This likely would have significant 
implications for existing structures and demonstrates the criti-
cal importance in ensuring reliable and accurate estimates of 
potential seismic loads.

(c) Potential Anthropogenic Influences on Seismicity

Seismicity, in varying degrees, can be induced by human 
interaction with the earth as opposed to earthquakes occur-
ring by natural processes. Extracting natural gas from 
the Marcellus Shale in the eastern United States, through 
hydraulic fracturing, may affect the seismic stability of the 
surrounding bedrock. This is relevant to New York and its resi-
dents as the eastern extent of the Marcellus Shale is adjacent 
to the Ramapo Fault System (Figures 5 and 6). It would be 
imprudent to assume that we currently possess all information 
about the risks of hydraulic fracturing; it is a relatively new 
procedure in regards to resource retrieval. Currently, research 
is underway to determine the relationship between seismicity 
and hydraulic fracturing (Ellsworth et al., 2013). As geologic 
processes take eons to manifest and as we remain unable to 
reliably predict events, we may be initiating earth events that 
are new or unforeseen for this part of New York.

The process of hydraulic fracturing includes vertical and 
horizontal drilling into sandstone, coal beds, and shale for 
access to the natural gas. To more particularly address New 
York’s at-risk status in relation to hydraulic fracturing, the 
nearby Ramapo Fault System and its vicinity to the north-
eastern distribution of Marcellus Shale needs to be consid-
ered. Figures 5 and 6 show earthquake occurrences along the 
Ramapo Fault System and the distribution of the Marcellus 
Shale.

Comparison of Figures 
5 and 6 indicates that 
the eastern edge of the 
Marcellus Shale is adja-
cent to the Ramapo fault 
in northwestern New 
Jersey and southeastern 
New York. As hydraulic 
fracturing proceeds with-
in the Marcellus Shale 
and related strata in this 
region, the rock and soil 
associated with the fault 
system may be altered, and 
potentially the seismicity, 
by the effects of hydraulic 
fracturing. 

Youngstown, Ohio, 
located within the extent of 

revisions are need to new yorK’s seismic building code

Figure 4 – Peak Ground Acceleration as a Percentage of Gravity 
(Sykes et al., 2008).

Figure 5 – 
Earthquakes 

along the 
Ramapo Fault 
System (Jacob 
et al., 2004).

Figure 6 - Distribution of the 
Marcellus Shale (Westmoreland 

Development Council, 2013).
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Marcellus Shale, has seen increased seis-
mic activity since hydraulic fracturing 
began (Ohio Geological Survey, 2013). 
A cause-effect relationship is not yet 
definite; but it does provide an example 
of a similar region in terms of seismicity 
and potential future events that may be 
encountered. Mahoning County, Ohio, 
home to Youngstown, experienced not a 
single earthquake over magnitude two 
between 1776 and 2011. During 2011, 
after hydraulic fracturing efforts began 
in Mahoning, the county experienced 11 
seismic events, surpassing all previous 
records. Hydraulic fracturing along the 
southeast boundary of Marcellus Shale 
may put the southeastern New York 
region at risk in the same manner. 

Conclusion
By understanding the consequences of 

higher magnitude earthquakes in New 
York, one can understand how critical it 
is to adjust building, bridge, and other 
infrastructure seismic codes. The prob-
ability of a major earthquake in New 
York is low; however, as each year passes 
without a high-magnitude seismic event, 
the likelihood of such an event occurring 
during the next year increases. 

Although some see the seismic code in 
New York State as adequate given our 
geologic history, there are still areas of 
concern. Being struck by an abnormally 
large seismic event could potentially 
cripple New York and the entire north-
eastern United States. If New York City 
were to suffer a significant amount of 
damage it would damage the national 
economy and send financial shock waves 
across all developed nations. Given our 
interconnected planet, a natural disas-
ter in one globally significant region 
can cause negative social and economic 
effects throughout the world. A lesson 
can be learned from Superstorm Sandy 
after it hit the New York Metropolitan 
Area. The region was severely unpre-
pared for such an unprecedented event 
and as a result the city suffered great 
damage and has yet to fully recover. A 
large portion of this damage could have 
been avoided if building codes were more 
stringent and building designs antici-
pated these worst-case scenario events. 
Unsurprisingly, within weeks of the 
aftermath of Superstorm Sandy, struc-
tural codes and design standards were 
modified just in case such an event was 
to occur again. Building codes now call 
for all homes to be built above the new 
flood plain, flood insurance is a require-
ment in certain areas, and flood zones 

are now listed on FEMA’s website for all 
to reference. Are not the deficiencies in 
our state’s seismic code described in this 
paper similar in character and threat? If 
or when an atypical seismic event occurs, 
our region may be vastly underprepared 
to face the difficulties it will pose. 
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