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NABG 2017 Conference Presidential Greetings 

 

                                        

It is with great pleasure that the conference planning committee, organization leadership and 

membership welcome you all to the 36th annual conference in Atlanta, GA. We are extremely excited 

to host this yearôs conference in conjunction with the Geoscience Department of Georgia State 

University on their beautiful campus. The theme that we have chosen is ñLeading the Geosciences 

through Collaboration."  It is through collaborations with entities such as Georgia State University, 

the National Science Foundation and ExxonMobil (to only name a few), that the NABG is able to 

provide such a tremendous opportunity to network as well as share technical learnings and 

technological advances in the Geosciences with colleagues and students from around the world.   

The theme chosen for the 35th annual conference was Weathering the Storm (and Looking to the 

Future).  This theme related to the NABG and its historical tie to the oil and gas industry, which was 

experiencing an economic downturn.  One year later, that downturn continues to affect us an 

organization and as an industry.  However, this year we truly focus on taking a major step in walking 

towards that future that we envisioned.  The NABG has proven itself to be an organization that 

embraces change and has a willingness to evolve.  One of the main vehicles for achieving this 

organizational evolution for us will be collaboration with partners in industry, academia and 

government.  Thus, the theme for this yearôs conference ñLeading the Geosciences through 

Collaboration.ò   

As an organization, we are very fortunate to have a broad scope within our membership, which 

facilitates us being inclusive of geoscientists from all branches of our chosen profession.  This 

diversity enables us to benefit from having strong ties across the Geoscience spectrum, which will 

be on full display over course of the next few days.  I am truly pleased that you have chosen to join 

us this year for what promises to be a great conference. 

 

Welcome to Atlanta!!! 

 

H. Jerome Murphy                                                                          President of NABG      
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The National Science Foundation 

 

Thank you for supporting our students! 
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36th Annual Conference Chair 

Welcome   

On behalf of the NABG 36TH annual conference planning committee, I would like to welcome you all to 

this yearôs conference in Atlanta, Georgia. Our theme this year, ñLeading the Geosciences through 

collaborationò, truly embodies the primary goal of this organization, which is to provide a platform for 

geoscientists from different facets of the discipline to share ideas, collaborate and network.  

To truly emphasize our organizationôs commitment to education, this yearôs conference is hosted in 

conjunction with the Geology department of Georgia State University (GSU). We hope this will help 

foster the relationship with educational institutions, who truly are the backbone of this organization.  

The strong support of our sponsors and active participation has made the planning of this conference 

seamless and successful. We have exceeded the total numbers of papers ever presented in recent 

years. The quality of the technical talks is outstanding, and the spectrum of topics is very current and 

broad. Some of these topics will cover networking guides for students, careers for women, and an Exxon 

Mobil subsurface workshop.  We plan to cap this conference with a field trip led by Dr. Kar to the historic 

Stone Mountain. 

Enjoy your participation in the NABG 36th annual conference and have a memorable time exploring the 

beautiful and vibrant city of Atlanta. We hope to see you all next year at what promises to be an even 

bigger and better conference.  

Thank you very much. 

Olamide Dada 

NABG 36th Annual Conference Chair 

Welcome to Atlanta 
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The Birth of the NABG 

In 1979, there were rumblings from a number of minority professionals who felt the need to 

connect, communicate and network with other minority professionals in the geosciences.  

Their voices became louder as time passed; and, on one given afternoon, there was 

extensive conversation regarding the possibility of forming an organization that would reach 

out and let others know there was an opportunity for individuals with an aptitude in Math and 

Science to become geoscientists.  The people involved in the discussions were Curtis 

Lucas, Allan Harris, James Briggs, James Davis, and Michael Carroll.  Mr. Lucas was a 

dominant force with a multitude of ideas about what he felt the direction of such an 

organization should be.  In 1980, the group met and compiled a list of geoscientists they 

knew in the Houston area.  This list was generated with the intent of setting up an initial 

meeting to share ideas and make contact with other minority geoscience professionals.  

There was communication with Mr. Briggs in Dallas and Mr. Davis in Denver; and, they were 

charged with establishing similar sessions in their respective cities. 

In Houston, the group needed a central location to meet, a willing host, and a figure that 

everyone knew and respected to get this effort off the ground.  They found all of these items 

at the home of Dr. Mack Gipson, who had been a college professor at Virginia State 

University.  Dr. Gipson was contacted and asked if he would host an Ice Breaker/Planning 

Session at his home.  Informed of the intent, Dr. Gipson indicated there had been a lot of 

conversation about doing something similar in the past.  At that point, he was informed this 

group was planning to do more than talk about it.  Dr. Gipson agreed to host the session.  A 

list of twenty-nine names were split and Mr. Lucas and Mr. Carroll began calling and making 

an appeal to individuals to attend this session.  They received warm responses from the 

majority of people they talked with and the promise from several to spread the word.   

The initial meeting was a success.  There was a room full of professionals buzzing with 

ideas, energy and enthusiasm.  Dr. Gipson was a central figure along with Mr. Lucas that 

evening.  It became tremendously obvious that this was at the very least, a meeting that 

everyone there had been looking forward to for some time.  Setting up an introductory 

session and getting people to attend was one thing, but establishing an organization and 

getting everyone moving toward the same objectives would be another.  The meetings that 

followed were held at the homes of some of the charter members.  The majority of the 

meetings were held at the home of Mr. Ken Yarbrough.  Mr. Yarbrough was gracious enough 

to allow the group to meet at his home which quickly became a forum for debate and 

conjecture on how the organization should be set up, what its objectives should be, who 

should compose the membership, should the organization incorporate, etc.  At times, it 

seemed as though the discussions were endless.  

Other prominent figures arose in these sessions.  A fiery, young woman from Sierra Leone, 

named Rachel Taylor, who was at the time with SOHIO, shared her passion and energy to 
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chair a committee to establish the constitution and bylaws of the organization.  Laverne 

Gentry, John Chance, Millicent McCaskill Geraldine Grant (Ross), Jennifer Jolivet and 

Patricia Hall, assisted in establishing a foundation and base on which the organization could 

stand.  Walter Alexander, an established independent at the time, became a strong 

advocate of the organization.  John Leftwich and Reginal Spiller became champions of the 

ideas to involve and inspire youth to consider careers in the geosciences.  At a very early 

point during the sessions, the group decided on an organization name and a set of objectives 

that were reviewed, amended and voted on by the charter members.   

The name that was agreed upon was the National Association of Black Geologists and 

Geophysicists (NABGG).  In an effort to be more inclusive of all aspects of the Geosciences, 

the organization was renamed the National Association of Black Geoscientists (NABG) in 

2014. Despite the name change, the objectives of the original organization were accepted 

and remain a focus today.  The NABGôs program of scholarship support and local interaction 

with schools and professional meetings work well to support the enhanced participation of 

ethnic minorities in the geosciences.  Throughout the years, the NABG has awarded over 

$300,000 to more than 200 students for undergraduate and graduate study.   

Since 1990, the NABG has become significantly more recognized as a national, professional 

organization by becoming a member society to the American Geological Institute, the 

Geological Society of America, and the American Association of Petroleum Geologists.  

NABG also has member representation on the National Petroleum Council.  Established 

and incorporated in Houston, Texas in 1981, the organization has been an active nationwide 

with members in the petroleum industry, academia, government, and student members in 

colleges and universities. 
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NABG National Officers 

President Jerome Murphy ExxonMobil 

Vice President Chris Burrell Ecolab 

Secretary Tomieka Searcy BP  

Treasurer Shaun Washington Lexco 

Parliamentarian Tarik Bob Texas A&M  

Member At Large Roxanne Lamb US Geological Survey 

Member At Large Ashanti Johnson Mercer University 

Assistant Secretary Leiaka Welcome Colorado School of Mines 

Assistant Treasurer Cherie Lee Ongc Videsh Atlantic 

Previous President Michael Carroll Hunt Oil 

 

Advisory Board 

 

Mr. Michael Carroll Hunt Oil 

Dr. David Padgett Tennessee State University 

Ms. Rachel Dunn TATNET 

Ms. Zelma Maine-Jackson State of Washington, Dept. of Ecology 

Ms. Carolyn Jones Mariner Energy 

Dr. John Leftwich Halliburton 

Ms. Nicole Scott ExxonMobil 

Mr. Reginal Spiller Frontera Resources 

Dr. A. Wesley Ward US Geological Survey - Retired 

Mr. Elijah White ExxonMobil 

Mr. Darryl Willis BP America 

Mr. Ken Yarbrough Osyka Exploration 

Dr. Marilyn Suiter National Science Foundation 
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NABG Extended Leadership Group 

National Committee Chairpersons 

 

Committee Chairperson 

  

2017 Annual Conference  Olamide Dada 

Scholarship Committee Roxanne Lamb 

Outreach Nicole Scott 

Young Professionals Janelle Sherman 

Membership Elizabeth Watkins 

Technical Programs Byron Winston 

Fundraising Michael Carroll  

Webmaster Judy Wilson 

Website/ Social Media Leiaka Welcome 

  

  

  

 

Regional Coordinators 

Eastern Region Ibrahim Goodwin 

Central Region VACANT 

Western Region Zelma Maine-Jackson 
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The National Association of Black Geoscientists  

Congratulations to our 2017 scholarship recipients! 

 

 Scholarship Award Recipients 

 

Level of 

Education 
Award Type Student 

Undergrad Mack Gipson Award Timmera E. Whaley 

Grad Mack Gipson Award 
Chibuike Richard 

Madumere 

PhD Mack Gipson Award 
Oluwatobi Gabriel 

Olorunsola 

Undergrad Patricia Hall Award Peace Chinazo Eze 

Grad Patricia Hall Award Bridget T. Kelly 

PhD Patricia Hall Award Karena Gill 

Undergrad Superior Service Award Jamie Anderson 

Grad Superior Service Award Mizane Johnson-Bowman 

PhD Superior Service Award Leiaka Welcome 
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    Conference events and where they will be held on the Georgia State campus 

 

 

 

 

 

 

To take the MARTA 

to the hotel from the 

airport to the 

Peachtree Center 

Stop #N1).  

 

 

 

 

 

 

 

 

 

 

We are staying in Sheraton. The Exxon Workshop and the NSF Workshop on Wednesday will be held in 

the Location of the Sun Trust Bank on the map. 25 Park Place Room #2608 

All technical sessions and will be held in the Centennial Auditorium at 100 Auburn Ave. 

Breakfasts are served from 7-8 AM each morning in the Centennial Hall Atrium and breaks will also be 

held in this location (100 Auburn Ave.) 

The Luncheon on Thursday will be held in the GSU Student Center Ballroom (55 Gilmer Street). 

The student workshops on Thursday evening will be held in Student Center West and Student Center 

East Gold Key Boardroom. 
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Conference General Schedule 

National Association of Black Geoscientists 

2017 Annual Technology Conference 

36th Annual Conference 

 ñLeading the Geosciences through Collaborationò 

September 6-9, 2017 

Georgia State University, Atlanta, GA 

 

Wednesday, 
September 6 

    

12:00 ï 6:00 PM Exxon Short Course 25 Park Place, Room # 2608 

  6:00 - 8:00 P.M. Student Session 25 Park Place, Room # 2608 

  8:00 - 10:00 P.M. Welcome Reception  In the Sheraton Hotel  
Atlanta 1-3 located on level 1 

Thursday, September 7      

Thursday Morning Session Moderator: Janelle 
Sherman 

Rooms:  Centennial Hall 
Auditorium (100 Auburn Ave) 

  7:00 - 8:00 A.M. Continental Breakfast and 
Booth Setup 

Centennial Hall Atrium (100 
Auburn Ave.) 

  8:00 - 8:20 A.M. Jerome Murphy   Welcome and opening comments  

  8:20 ï 8:40 A.M. Leiaka Welcome  Arid Continental Rift Systems: 
Exploration of the Rio Grande Rift 
Basin Complex  
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  8:40 ï 9:00 A.M. Claire H. Bailey Filling ñThe Hatò Proto-Drop-in 
Basin; Jurassic Salt Wash Member 
of the Morrison Formation Gypsum 
Valley, Colorado  

  9:00 - 9:20 A.M. Victor Nyalugwe Lithospheric Structure beneath 
Chilwa Alkaline Province (in 
Southern Malawi) and Mode of its 
Magmatic Emplacement   

9:20 ï 10:00 A.M. Poster Viewing & Morning 
Break 

 

10:00 - 10:20 A.M. Rose Telus Identification of Single Storm 
Events Using High-Resolution 
Carbon Isotope Measurements 
Across Tree-Rings 

10:20 - 10:40 A.M. Kevin Garrett Multi-proxy Reconstruction of a 
~1.3 Ma Freshwater Wetland, 
Olduvai Gorge, Tanzania  

10:40 - 11:00 A.M. Rufus Catching Fault-zone exploration in highly 
urbanized settings using guided 
waves:  An example from the 
Raymond Fault, Los Angeles, 
California 

11:00 - 11:20 A.M. Marilyn Suiter Access and Engagement - Diverse 
Inclusion in STEM 

11:20 A.M. - 1:00 P.M. Keynote Speaker: Isaac J. 
Crumbly  

Luncheon & Keynote Address -  
GSU Student Center Ballroom 
(55 Gilmer Street) 

Afternoon Session Moderator: John Braswell Rooms:  Centennial Hall 
Auditorium (100 Auburn Ave.) 

1:00 ï 1:20 P.M.   Anny Sainvil The Effect of Earthquakes on 
Episodic Tremor and Slip Events 
on the Southern Cascadia 
Subduction Zone 

1:20 - 1:40 P.M.   Olanrewaju óLanreô Aboaba Seismic Expression of 
Mississippian Epigene Karst in 
Osage County, Oklahoma 

1:40 - 2:00 P.M.   Jonathan Guandique Characterizing Ambient Ground 
Motion Across the Global 
Seismographic Network 

2:00 ï 2:20 P.M.   Folarin Kolawole  Aeromagnetic Gravity, and 
Differential Interferometric 
Synthetic Aperture Radar 
(DInSAR) Analysis Reveal the 
Causative Fault of the April 3, 
2017 Mw 6.5 Moiyabana, 
Botswana Earthquake 
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2:20 ï 3:00 P.M.   Poster Viewing and Afternoon 
Break  

  

3:00 ï 3:20 P.M.   Aditya Kar Variability Selection: a Hypothesis 
on How Extreme Climatic 
Fluctuations Influenced Human 
Evolution 

3:20 ï 3:40 P.M.     

3:40 ï 4:00 P.M.   Ibukun Bode Petrophysical Rock Typing in 
Unconventional Carbonate 
Mudrock Reservoirs: A Case Study 
from the Mississippian-aged 
Carbonate Mudrocks of the 
Southern Mid-Continent 

4:00 ï 4:20 P.M.   Tamunoisoala Longjohn Microstructural Evolution of 
Porosity and Stress During the 
Formation of Brittle Shear 
Fractures: A Discrete Element 
Model Study 

4:20 ï 4:40 P.M.   Karena Gill Stratigraphy and Sedimentary 
Petrology of the Hillbank and 
Yalbac Formations, Corozal Basin, 
Belize 

5:00 ï 7:00 P.M. Student Workshop  Female and male students will 
separate to have a discussion with 
more seasoned members on 
ñProfessionalismò Dinner will be 
served! 
Student Center West #258, and 
Student Center East Golden Key 
Boardroom 

 

 

NABG Women of Color ï A Conversation 9-2017 

Thursday, September 7th, 2017; 5:30 to 7pm 

Discussants: Luciana Astiz, Lina Patino, Dena Smith, and Marilyn Suiter 

The event will allow attenders to explore the issues that pose as barriers/challenges for women of color 

in (geo)science professions, faculty and graduate students attending the 2017 NABGG meeting. More 

specifically, the aim of this event is to better understand and explore ways to address the roles of race, 

gender, health, and professional development for Women of Color in the Geosciences and their career 

development and advancement today. 

We hope this conversation will commit participants to: 

Å Increase awareness and understanding of issues facing STEM women of color; 
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Å Identify practical and achievable individual and/or collective goals; and 

Å Foster meaningful, sustainable interpersonal networks for mentoring and peer support. 

 

NABG Conversations between Men 

Thursday, September 7th, 2017; 5:30 to 7pm 

Discussants: Jerome Murphy and Shaun Washington 

Event attendees will be part of a group discussion led by professionals who will discuss potential 

barriers and solutions for students transitioning into the professional world. There will also be time for 

questions and discussions on workplace, career development and promotion.  
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Friday, September 8      

Friday Morning Session Moderator: Olamide Dada Rooms:  Centennial Hall 
Auditorium (100 Auburn Ave) 

  7:00 - 8:00 A.M. Continental Breakfast and 
Booth Setup 

Centennial Hall Atrium (100 
Auburn Ave.) 

8:00- 8:20 A.M. Pouyan Ebrahimi  Fate of Barium in Unconventional 
Wastewater Disposal through 
Dolomite Rocks 

8:20 - 8:40 A.M. Mercy Achang Investigating Pore Size Distribution 
on Crushed and Core Plug Shale 
Samples Using Nuclear Magnetic 
Resonance (NMR) 

8:40 - 9:00 A.M. Chven Mitchell The Influence of Microstructural 
Controls on the Physical 
Properties of Geo-architected 
Rock Samples 

9:00 - 9:20 A.M. Christian Falzone Seismic Imaging of Shallow 
Fractures, Susquehanna Shale 
Hills CZO 

9:20 - 9:40 A.M. Poster Viewing & Morning 
Break  

  

9:40 - 10:00 A.M. Timmera E. Whaley Assessing Environmental Justice 
in Alabama Using Geographic 
Information Systems 

10:00 - 10:20 A.M. Sudan Kariuki How Does Recreational Camping 
Affect Cover Mediated Soil 
Microbal Activity in a Desert 
Grassland? 

10:20 - 10:40 A.M. Victor Roland II Out of Sight but Not Out of Mind: 
Investigating Karst Groundwater 
Bacteria Responses to Organic 
Carbon from Concentrated Animal 
Feeding Operations in Northern 
Arkansas 

10:40 ï 11:00 A.M. Olufeyisayo Ilesanmi Tri-County Geohazard Mapping 
Using Lidar and Satellite Imagery 
in Oklahoma 

11:00 ï 11:20 A.M. Mark Anthony Agana Why did Pioneering Local 
Governments Adopt Sustainability 
Plans: An Analysis of Policy 
Innovation Using Geographic 
Information Systems 

11:20 A.M. ï 1:00 P. M. Lunch on your own Explore Atlanta cuisine 

Friday Afternoon Session Moderator: Aisha Morris  Centennial Hall Auditorium (100 
Auburn Ave.) 

1:00 ï 1:20 P.M.   Niyi Omidire Impact of Fertilizer Treatment and 
Irrigation Treatments on Plant 
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Microbiome of Collard Green 
(Brassica oleracea L. var. 
acephala) 

1:20 ï 1:40 P.M.   Kofo Fadeyi Enhanced Phosphorus Use in 
Agricultural Land: Framework for 
Phosphorus Recapture, Recycle 
and Reuse 

1:40 - 2:00 P.M.   Javar Henry Mapping Wetlands and the 
Assessment of Their Distribution 
and Vulnerability in Middle 
Tennessee, USA, Using GIS and 
Remote Sensing Approach 

2:00 ï 2:20 P.M.   Nicollette Mitchell Chasing Drought in the Rainforest: 
A Sediment Based Reconstruction 
of Amazonian Climate, the Specter 
of Multi-Year Drought, and 
Implications for Management 

2:20 ï 3:00 P.M. Poster Viewing & Afternoon 
Break 

 

3:00 ï 3:20 P.M.   Tadesse B. Alemu The Ethiopian: Uplift, River Incision 
and Stratigraphic Controls on 
Morpho-tectonic Evolution; A Case 
Study in the Gorge of the Nile, 
Blue Nile Basin 

3:20 - 3:40 P.M.   Dena Smith NSF Graduate Research 
Fellowships 

3:40 ï 4:00 P.M.   Christy C. Visaggi Examining Coastal Issues of 
Marine Debris and Flood Risks 
Through Citizen Science and 
Geographic Information Systems 
in Hopkins, Belize 

4:00 ï 4:20 P.M.   Danya AbdelHameid A Laboratory-Scale Analogue 
Model to Probe Ice Sheet 
Grounding Line Dynamics 

4:20 ï 4:30 P.M.   Jerome Murphy & Dada 
Olamide 

Announcements and Closing 
Remarks 

4:30 ï 5:00 P.M.    Business Meeting 

Saturday, September 9      

8:00 A.M. (Sharp) Bus Departure Meet in the Sheraton Hotel 
Lobby  

 8:30 A.M. -1:00 P.M.  Fieldtrip Leader: Aditya Kar  
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Saturday, September 9, 2017   

FIELD TRIP TO STONE MOUNTAIN, GEORGIA 

Stone Mountain Park is located 16 mi east of Atlanta. The most obvious feature in the park is Stone 
Mountain, which rises approximately 750ft above the surrounding countryside, covers 583 acres 
and has a physical volume of over seven and one-half billion cubic feet. This famous granite 
monolith, an inselberg rather than a monadnock since it's the exfoliated remnant core of a 
considerably larger intrusion, primarily composed of quartz monzonite. The dome of Stone Mountain 
was formed during the formation of the Blue Ridge Mountains around 300ï350 million years ago 
(during the Carboniferous period), part of the Appalachian Mountains. The granite was dated at 291 
m.y. It formed as a result of the upwelling of magma from within the Earth's crust. The magma 
intruded into the metamorphic rocks of the Piedmont region during the last stages of the Alleghenian 
Orogeny, which was the time when North America and North Africa collided. This magma solidified 
to form granite within the crust five to ten miles below the surface. At the base of Stone Mountain is 
surface evidence that the magma chamber underwent flow and entrained some of the country rock 
which are now evidenced by presence of xenoliths that are enclosed within the granite.  
Stone Mountain pluton continues underground 9 miles (14 km) at its longest point into Gwinnett 
County. The minerals within the rock include quartz, plagioclase feldspar, microcline and muscovite, 
with smaller amounts of biotite and tourmaline. The tourmaline is mostly black in color, and the 
majority of it exists as optically continuous skeletal crystals, but much larger, euhedral pegmatitic 
tourmaline crystals can also be found in the mountain's numerous, cross-cutting felsic dikes. A mafic 
sill rests along the surface at the base of the mountain.   
Over time, erosion removed the overburden and with the pressure released the granite expanded 
outwards in all directions. This outward expansion is known as exfoliation, which causes the domal 
shape characteristic of Stone Mountain. As Stone Mountain Granite is more resistant to weathering 
than the surrounding rock, the rock surrounding Stone Mountain has been leveled by weathering 
and erosion, while the mountain itself has been affected less and stands high above the countryside 
as an erosional remnant. Evidences of mechanical and chemical weathering are seen everywhere 
on the mountain These include exfoliation, jointing, solution pits, surface decomposition, and soil 
creation. 
Stone Mountain became a source of high-quality stone, and quarrying began in 1847 on the 

mountain's east face. Rock was taken from the mountain and pavement outcrops for the 

construction of post offices, courthouses, and street paving throughout the South and West. The 

Fulton County Courthouse and jail in Atlanta are, in part, constructed of Stone Mountain Granite. 

Government buildings in Tyler, TX; Macon, Savannah and Augusta, GA.; Louisville, Ky., and 

other buildings in Philadelphia and the New York City area also were constructed using Stone 

Mountain Granite. Quarrying ceased on Stone Mountain in the early 1970's, but small-scale 

quarrying of the granite continues just east of the mountain. 
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Background 

The geology of the Atlanta area in Georgia is dominated by the Appalachian Mountain Range and 
the processes that created it. The city of Stone Mountain is a suburb of Atlanta and is situated at the 
southern end of the Appalachian Mountains. The Appalachians lie just east of an early boundary of 
the ancestral North American continent during Precambrian times more than 1 billion years ago. 
The rocks that are exposed at Stone Mountain igneous. The were formed by the intense heat that 
developed form the compression of the east coast of North America during the Alleghanian orogeny 
roughly 300 million years ago. They are granitic in composition, technically referred to as quartz 
monzonite. 
The explanation of the formation of the Appalachians follows that of the formation of all collisional 
mountain structures: plate tectonics. Plate tectonics represents a paradigm in which the earth is 
believed to consist of a series of concentric shells distinguished from one another by their 
composition. The innermost shell is called the inner core and is actually a solid sphere of iron and 
nickel nearly 2,500 kilometers (~ 1,500 miles) in diameter. The shell that surrounds the inner core 
is called the outer core, composed of liquid iron and nickel, and having an outer diameter of 6,800 
kilometers (~4,150 miles). Surrounding the outer core is the mantle, composed of iron/magnesium-
rich silicate minerals and having the chemical composition of a dark rock called peridotite. The outer 
diameter of the mantle is about 12,500 kilometers (~ 7,650 miles). The mantle consists of two zones 
or concentric spherical shells: lower mantle and upper mantle. Over very long periods of time 
(millions of years) parts of the lower mantle move upward in thin cylindrical shapes called mantle 
plumes, while other parts move downward along slabs of material descending from the shell above 
the outer mantle. These upward and downward movements of the mantle are responsible for some 
of the largest land and seafloor structures on earth. The movements are controlled by uneven 
distributions of heat within the earth: hotter regions tend to rise, while cooler regions tend to sink. 
The outermost shell of the earth's interior is called lithosphere, or sphere of rock, because of its 
rigidity and solid character. Its thickness atop the mantle varies from a few kilometers at mid-ocean 
ridges to about 280 kilometers beneath the Himalaya Mountains (Pasyanos, 2008). Lithosphere is 
underlain by a more pliable region of the upper mantle called the asthenosphere. The 
asthenosphere is not rigid, but behaves as a deformable solid that can flow when subjected to 
stress. The asthenosphere is deformable in a manner similar to hot wax because its constituent 
minerals are always near their melting temperature. 
According to plate tectonics, the surface of the earth represents a jigsaw puzzle of lithospheric 
blocks, or plates, interlocked with one another, but able to move horizontally and vertically. Some 
plates are composed of a combination of continental and oceanic lithosphere, whereas others are 
entirely oceanic in nature. The upper zone of a lithospheric plate is called the crust. The crust makes 
up the bedrock sometimes seen in rock outcrops. The crust is underlain by a rigid layer of "frozen" 
asthenosphere. This zone of the upper mantle may be thought of as frozen to the base of the crust, 
and as such, it forms a single lithospheric structure with the crust. A tectonic plate, then, is a block 
of lithosphere that consists of rigid upper mantle frozen onto the base of the crustal rocks above. 
There are two types of earth crust: continental and oceanic. Continental crust is granitic in mineral 
composition, being made of light-colored minerals rich in silicon (in the form of silica, SiO2) and 
aluminum. Oceanic crust is basaltic, consisting of lower silicon content but higher in iron and 
magnesium. Continental lithosphere is less dense (less weight per unit volume) than oceanic 
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lithosphere because the crustal part is composed of less dense granitic rock. Oceanic lithosphere 
is denser because its crustal part is composed of more dense basaltic rock. 
There are three types of plate boundaries: convergent, divergent, and transform. A convergent plate 
boundary exists where plates are converging with one another as in a collision. Where the 
convergence brings continental lithosphere into collision with oceanic lithosphere, the less dense 
continental lithosphere overrides the more dense oceanic lithosphere. The overridden oceanic 
lithosphere can sink (subduct) slowly into the mantle as the continental lithosphere rides above it, 
or it can sink rapidly as an oceanic lithospheric slab at a high angle with respect to the earth's 
surface. The slab's age, temperature, and resultant density determine whether it will sink slowly or 
rapidly and will also determine its angle of descent. The older, colder, more dense slabs sink most 
rapidly and at the steepest angles. The younger, warmer, less dense slabs can sink at very shallow 
angles of a few degrees from the earth's surface. As a slab sinks beneath continental lithosphere at 
an oceanic-continental convergence zone, for example, it releases water and other volatiles (e.g., 
CO2) that act as a catalyst to melting. The asthenosphere above the descending slab partially melts 
because of this catalyst. Being less dense than the solid that generated it, the partially-melted 
asthenosphere rises to the base of the crust as a hot plume of predominantly basaltic composition. 
These plumes of magma heat the crust above and can penetrate it, melt it, mix with it, and produce 
volcanoes. These volcanoes can form a line or an arc on the earth's surface called a continental 
volcanic arc. New continental crust is created by continental volcanic arcs. On the other hand, when 
two oceanic plates converge at an oceanic-oceanic convergence zone, the denser one subducts 
beneath the less dense one. The subducting plate releases volatiles into the asthenosphere above, 
which in turn generate magma. The basaltic magma rises toward the oceanic crust above, 
penetrates it, and produces volcanic islands that form a line or an arc. This string of volcanoes is 
called a volcanic island arc. Collisional mountain ranges form when two continental plates converge 
at a continental-continental convergence zone. Since neither of the continental plates is dense 
enough to subduct into the mantle, one may partially override the leading edge of the other and 
create a mountain range where the crust below is thicker than before the collision. A divergent plate 
boundary exists where plates pull apart from one another. New oceanic crust is created at a 
divergent plate boundary. A transform plate boundary exists where plates slip or grind past one 
another along a transform fault. A transform fault is a vertical crack in the lithosphere where two 
plates slip past one another in a purely horizontal motion. 
All of these tectonic movements have been involved in the formation of the Appalachian Mountains 
and the east coast of North America. 

Rodinia, Grenville Orogeny 
 
A brief geologic history of the Appalachians begins with the convergence of proto-continents called 
cratons into an early supercontinent named Rodinia. Along the east coast of North America this 
convergence resulted in a period of mountain building known as the Grenville orogeny, which lasted 
from roughly 1.1-1.0 billion years ago. Rodinia lasted a couple of hundred million years, then 
subsequently broke apart in stages beginning before 750 million years ago (Torsvik, 2003, 2008). 
Rifting in the Mid-Atlantic region of the U.S. started at about 570 million years ago (Fichter and 
Baedke, 2000). 
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Taconic Orogeny 
 
The mountains created by the Grenville orogeny eroded away until the next convergence called the 
Taconic orogeny, which took place during the period 550-440 million years ago. Vastly different 
tectonic events occurred in the northern and southern Appalachians during the Taconic orogeny. In 
the northern Appalachians, the volcanic arc shown in Figure 1 of the summary below, titled 
"Formation of the Appalachian Mountains ï General Geology," is a crude representation of a suite 
of terranes (tectonic fragments of crustal material) converging on the ancient North American plate 
known as Laurentia. The suite consisted of at least three volcanic arcs and perhaps two 
microcontinents that approached Laurentia as either a single unit or a progression of collisions 
(Fichter and Baedke, 2000). About 440 million years ago the subducting oceanic lithosphere of the 
Laurentian plate drew this plate and the terranes into a collision or series of collisions that forced 
the terranes to be thrust over the plate. The overthrusting of the terranes onto the continent produced 
enough heat and stress to change the rocks from sedimentary and igneous into metamorphic. 
Events much more complicated took place in the southern Appalachians during the Taconic 
orogeny. As shown in Figure 2, the oceanic lithosphere of the Iapetus Ocean is shown as a slab 
being subducted beneath the oceanic portion of the Laurentian plate. The subducting slab produced 
the following effects: 
1. A volcanic island arc. Refer to Figure 3 to see that the volcanic arc in Figure 2 should be located 

farther to the left, above the dehydrating slab fluids. 
2. An extensional back-arc basin with an underwater divergent zone penetrating the continental 

slope-rise area. 
3. The rising magma beneath the divergence zone provided the heat to melt the slope-rise 

sediments and produce the granitoids in the back-arc oceanic crust. 
4. The rollback velocity vr of the Iapetus lithosphere exceeded the convergence velocity of the 

overriding Laurentian plate vo. This caused the subduction zone to retreat towards the Iapetus 
Ocean and away from Laurentia. 

5. The tension in the back-arc basin was produced both by the corner flow induced by the 
subducting slab and by vr > vo. 

Acadian Orogeny 

The next significant event was the Acadian orogeny. The mountain building associated with the 

Acadian orogeny began about 375 million years ago in Canada and reached Georgia by 350 

million years ago. The primary tectonic event during this orogeny was the collision between 

Avalonia and the North American plate. Avalonia was a microcontinent that originated from one 

or more continental volcanic arcs, volcanic island arcs, or both, being either part of or accreted 

to the southern supercontinent named Gondwana (or Gondwanaland). The igneous activity 

produced by subduction created the arcs between 730-570 million years ago (Murphy et al., 2001; 

Strachan, 2000). After the break up of Rodinia, Avalonia rifted from Gondwana during the opening 

of the Iapetus Ocean. It drifted northward and collided with Baltica first, then with Laurentia. It 

incorporated itself into Laurentia as an exotic (foreign) terrane. 
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Alleghanian (Appalachian) Orogeny 

The most recent mountain-building episode was the Alleghanian Orogeny. See the sequence of 

events in Figure 4. During the Pennsylvanian Period (318-299 million years ago) the African coast 

of Gondwana collided with North American as the Rheic plate (the plate beneath the "Eastern 

Iapetu Ocean" in Figure 4) subducted beneath the North American plate. The convergence of 

Gondwana with North America became the final closing of the Iapetus Ocean (Rheic Ocean). 

The convergence zone stretched from Newfoundland to the Marathon Mountain area of Texas. 

By the end of the Mesozoic Era (65 million years ago), however, the Appalachians had eroded 

to an almost flat plain. 

Miocene Epeirogenic Uplift 

If the Appalachians eroded to an almost flat plain by 65 million years ago, and if there have been 

no orogenies along the east coast of North America since then, why are they a mountain range 

today? About 16-12 million years ago sedimentation rates and grain sizes delivered to offshore 

basins in the Atlantic and the Gulf of Mexico began to increase. This suggests that the 

Appalachian Mountains are being uplifted by some kind of tectonic process. One possibility is 

that fragments of the relic Farallon plate may be generating heat beneath the modern 

Appalachians. This heat would cause the rocks to expand and could produce a broad 

(epeirogenic) uplift of the mountains. There is also evidence of regions where the base of the 

crust under the mountains allow more heat to flow upward than in other regions. A third possibility 

is that portions of the thickened crust beneath the Appalachians are detaching and sinking into 

the mantle. This too would increase heat flow upward. (Gallen et al., 2013) 
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FORMATION OF THE APPALACHIAN MOUNTAINS ï GENERAL GEOLOGY 

Taconic Orogeny (543-440 Million Years Ago, [Ma]) 

Northern Appalachians 

The volcanic arc shown in Figure 1 is a crude representation of a suite of terranes converging on 

Laurentia. The suite consisted of at least three volcanic arcs and perhaps two microcontinents 

that approached Laurentia as either a single unit or a 

progression of collisions (Fichter and Baedke, 2000). 

Continuous subduction brought the Laurentian plate into 

collision with the suite of terranes. Continued 

convergence thrust the suite and the subduction zone 

sedimentary wedge over Laurentia, producing 

metasedimentary rocks underlain by marble. 

Southern Appalachians 

As seen in Figure 2 below, Iapetus (the subducting slab) 

was subducting beneath Laurentia and was rolling back 

from Laurentia with a velocity vr greater than the 

convergence velocity vo of overriding Laurentia. A back-

arc basin formed due to the tension caused by vr > vo 

combined with the corner flow caused by slab drag of the 

overlying asthenospheric wedge. The tension in the back-

arc basin produces a divergent zone where MORB-type 

magma rises toward the surface. The hot magma induces 

melting into the Laurentian crust and generates felsic 

magma in the process. The felsic magma becomes 

emplaced as granitoids. 

Figure 1. Illustration of the Taconic 

Orogeny in the north. 
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Figure 2. Schematic of the Taconic Orogeny in the south. 
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Figure 3. Cross Section of a Subduction Zone and a Back-Arc Basin. 

Acadian Orogeny (375-325 Ma) 

Avalonia was a microcontinent that originated from one or more continental volcanic arcs, 

volcanic island arcs, or both, being either part of or accreted to Gondwana (or Gondwanaland). 

See Figure 4. The igneous activity produced by subduction created the arcs between 730-570 

Ma. The microcontinent rifted from Gondwana during the opening of the Iapetus Ocean. It drifted 

northward and collided with Baltica first, then Laurentia, incorporating itself into Laurentia as an 

exotic terrane. The collision began in the Maritime Provinces of Canada and in northern New 

England during the Early to Middle Devonian Period (416-359 Ma), and moved southward down 

to Alabama during the Early Mississippian (350 Ma). 

Alleghanian Orogeny (320-250 Ma) 

The most recent mountain-building episode was the Alleghanian Orogeny. See the sequence of 
events in Figure 4. During the Pennsylvanian Period (318-299 million years ago) the African coast 
of Gondwana collided with North American as the Rheic plate (the plate beneath the "Eastern 
Iapetu Ocean" in Figure 4) subducted beneath the North American plate. The convergence of 
Gondwana with North America became the final closing of the Iapetus Ocean (Rheic Ocean). 
The convergence zone stretched from Newfoundland to the Marathon Mountain area of Texas. 
By the end of the Mesozoic Era (65 million years ago), however, the Appalachians had eroded 
to an almost flat plain. 
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Figure 4. Sequence of events that took place between the Taconic and 

Alleghanian Orogenies. 


