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Advancements in photogrammetric modeling and 3-D visualization have provided excellent tools 

for remotely viewing geological phenomena around the globe.  These digital approaches to 

geology can improve accuracy and proficiency of 3-D outcrop model characterization, and can act 

as digital analogs for reservoir modeling and virtual geologic studies.  This dissertation work 

demonstrates original, intuitive, desktop and web application, graphic-user-interfaces for use in 

geoscientific research.  Pre-built 3-D virtual geologic models are combined with traditional 2-D 

field methods, within a modular format, to facilitate quantitative and qualitative geoscientific 

analyses, with detailed examinations of the distribution, dimension, and profile of geologic 

phenomena.  Modules are designed for new geoscience researchers and provide the user with 

geological site background information, 3-D geologic models and site-specific research questions 

and learning objectives.  Geologic locations examined include the Arbuckle and Wichita 

Mountains in Oklahoma, portions of North Central Texas, an area in southern California/Nevada 

and a place in Dinosaur Provincial Park in Alberta, Canada. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Developments in 3-D visualization, using stereophotogrammetry and LiDAR, have 

provided practical tools for remotely viewing geological phenomena around the globe.  Digital 

approaches to geology can improve the accuracy and proficiency of quantitative and qualitative 

three-dimensional outcrop model characterization, and can act as analogs for reservoir modeling 

and virtual geologic studies.  Analysis often requires extensive tools and training, but this 

dissertation research demonstrates the use of original, intuitive, graphic-user-interfaces (GUI) for 

use in geoscientific research.  Pre-developed three-dimensional virtual geologic models are 

incorporated into traditional field camp methodology to allow geoscientific research analyses, with 

thorough investigations of the distribution, dimension, and profile of various geological 

structures.  Research modules are then designed for undergraduate geoscience researchers to 

provide the users with geological site background information, remote sensing data, three-

dimensional geologic models, three-dimensional virtual rock samples and site-specific research 

objectives.   

The value of digital geosciences, in research and through the virtual learning environment, 

aims to enhance erudition of geologic outcrop characterization and provide accommodations for 

researchers not permitted to do work in the field.  Photogrammetry is a practical tool to digitally 

archive and objectively associate geoscientific interpretations, in addition to facilitating the 

accessibility and distribution of archived outcrop data to the geoscientific community.  These are 

methods of outcrop visualization and characterization applied to the Arbuckle Mountains and 
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Wichita Mountains in southern Oklahoma, the Dallas/Ft. Worth Metroplex, southern 

California/Nevada and Dinosaur Provincial Park in Alberta, Canada within this dissertation 

research.  Virtual learning modules permit researchers the ability to view and interact with virtual 

digital geology, freely and remotely, to observe and conduct their geoscientific research.  The 

learning modules locational models and virtual rock samples, presented in this dissertation 

research, were developed by the author and The University of Texas at Dallas Department of 

Geosciences Cybermapping Laboratory.   

1.2 Research focus and objectives 

The prime focus of this dissertation research is to evaluate current digital pedagogical 

approaches to three-dimensional geologic outcrop modeling within geoscience education and 

research, then develop and build new interactive virtual learning and research environments for 

use within the geosciences. Three primary objectives accomplished:   

1. Development and implementation of an original graphic-user-interface (GUI), and 

other pertinent analogous methods, for a virtual field geology course analog for use as 

freeware in geoscience education and research.  The analog field environment provides the 

user with the tools to remotely investigate and interpret field geology through a spatially 

oriented, hands-on approach to geoscientific mapping and research.  An overall goal being 

emersion for the user, in a holistic geoscience setting, to facilitate critical thinking while 

applying the scientific method towards observations of geologic phenomena. 

2. Establishment of online virtual field geology web applications to use as repositories for 

archived geology, and to deliver different approaches to distribute geologic virtual learning 
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modules.  Making geological models available to researchers provides an excellent tool for 

use in educational training, research, and analyses.  

3. Original development and implementations of four virtual field geology graphic-user-

interface modalities for research analyses. These developed virtual interactive platforms 

provide valuable background information and tools using 3-D virtual models built at the 

UTD Cybermapping Lab, and in collaboration with Lionel White from Geologic and 

Historical Virtual Models, LLC.  The four types of delivery modalities developed are 

available free for educational purposes and include: 

a) Original Virtual Field Geology (VFG) desktop software.   

b) A web-based Foliotek® learning modules.  

c) A VFG phone/tablet application built using Appy Pie®. 

d) An eLearning® course shell.   

 The core focus of this research is the virtual field geology (VFG) graphic-user-interface 

(GUI) platform.  This educational freeware includes a plethora of data and tools to provide three-

dimensional photorealistic models that permit the user to interact with the digital geologic models 

and make real-world observations.  This ability to remotely work with geology in other locations, 

by accessing data via the world wide web, delivers an analog field geology environment, an 

alternative course project, and a new tool for online educational research.  Users create detailed 

stratigraphic columns based on provided three-dimensional models and data, then create 

geoscientific maps, profiles and structural interpretations using a limited amount of provided 

resources to include within a virtual field notebook.  The ability to take measurements, evaluate 

different scales, determine strike and dip using virtual globe ancillary resources, and annotate 
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geologic observations directly onto pre-developed models is one additional method to assess a 

user’s critical thinking and ability to make geologic observation and interpretation.  Virtual 

geologic features such as three-dimensional PDF files of original geologic models, virtual rock 

samples, Google Earth® georeferenced site locations and orthophotography aid the user with site 

emersion. Location background documents of educational information, USGS Surficial 

geologic/topographic maps, original outcrop photographs, anaglyphs, panoramas and links to 

additional public YouTube® video resources are all amalgamated to enhance the virtual learning 

experience.  Overall these methods and research tools provide immense value to geoscientific 

research analyses.  Developing and building varying virtual learning environments allows the 

geosciences to keep pace with technological advancements in pedagogy and research while 

omitting the costs impacts that often limit students and learning resources. 

1.3 Value of the research 

 Overall, the value of this research and virtual learning program is to provide the educator 

with an additional tool to implement virtual field site analyses to enhance the research experience 

and employ critical thinking and investigations on behalf of the scholar.  Virtual course 

development will provide the users with pre- and post-field assessments to ensure the learning 

objectives achieved meet course standards and field study standards while being as analogous as 

possible. Learning objectives are evaluated by conducting pre-field assessment exercise surveys 

to assess the user’s pre-knowledge of the geologic region to be examined within their course 

modules.  Alternatively, the user will reassess their knowledge at the end of the research, but this 

comes in the form of post-field surveys and a virtual field notebook that is submitted for a final 

grade through research evaluation and presentation.  
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 Often traditional geoscience field camp courses are challenging, given the proximity to 

outcrop exposures, or available researcher funds, often limiting the real-world exposure geoscience 

researchers will receive during their field coursework. However, this dissertation work provides 

an alternative to a traditional geologic field camp course, an excellent option for researchers with 

disabilities, community colleges or K-12 programs, an additional resource for traditional field 

camp, and an attractive choice for when the weather is not hospitable.  Overall, this research will 

provide geoscience researchers with full interactive virtual field trips delivered through a module 

format, that is cost-effective and offers value-added learning to the traditional classroom, training 

and research environment. 

1.4 Dissertation organization 

This dissertation is organized into the following layout to focus on the research objectives 

and value of this research in geoscience academia. Each chapter examines a different component 

of this dissertation research and the overall goals.  

Chapter 2 – Exploring Virtual and Augmented Geosciences 

Chapter 3 – Original Virtual Field Geology Graphic-user-interface 

Chapter 4 – Web Applications for Virtual Geoscience Research 

Chapter 5 – Interface Demonstration as a GeoField Course Analog  

Chapter 6 – Value Added Geoscience Research and Analyses  

Chapter 7 – Conclusions and Discussion  

 Chapter Two focuses on exploring the current trends and research possibilities with virtual 

digital geoscience.  Chapter Three examines original virtual field geology (VFG) graphic-user-

interfaces (GUI) developed for this dissertation work to facilitate an analog virtual field geology 

course.  Chapter Four explores three different types of web applications (a website, an app and a 
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course shell) developed to deploy alternative platforms to incorporate virtual learning 

environments into geoscientific research. Chapter Five demonstrates a case-study that 

implemented the virtual learning website environment to provide accommodations to a researcher 

that required similar field experience.  Chapter Six examines the value that virtual learning 

environments contribute to geoscience research and analyses, and Chapter Seven summarizes this 

dissertation work and discusses the future of geoscience virtual learning and applications in 

geoscientific research. 
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CHAPTER 2 

EXPLORING VIRTUAL AND AUGMENTED GEOSCIENCES 

2.1 Overview 

Virtual geoscience is a relatively new facet of geoscience research, where the user is 

exposed to tradition field method analyses, but also utilizes and incorporates some form of 

augmented geological environments to conduct geoscientific research (Aiken 2004, Aiken 2012, 

Alfarhan 2008, Bailey et al. 2012, Bellian 2005, Blenkinsop 2012, Buckley et al. 2009, Bursztyn 

et al. 2015, Clegg et al. 2005, Hurst 1998, Lin et al. 2003, Lisle 2006, Oldow et al. 2006, Pringle 

2001, Stainfield et al. 2000). This amalgamation of learning approaches can have a holistic impact 

in education for the researcher and incorporate a growth mindset into their manner of critical 

thinking, but is common, understandably, to be outside of the job description of the educator 

(Urbanski et al. 2016). Often are the various virtual or augmented reality applications applied 

through one avenue, such as using Google Earth® to remotely view the geography and surficial 

geology of a location, or looking at augmented reality geologic models using virtual reality (VR) 

headset (Bailey et al. 2012). However, when combining multiple approaches, intuitively, the 

possibilities for education and research increase significantly (Lin et al. 2013). This dissertation 

research examines different ways to implement virtual technology for geoscience education and 

research within the subsequent chapters.   

This chapter examines the various possibilities for augmented geoscience analyses, current 

virtual learning platforms, and how virtual learning applications can improve geoscience 

education, research, and investigations.  The following literature review evaluates some of the 

accomplishments made within the field of augmented and digital geoscience, and what new 
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applications are in the near future that will continue innovating this area of research.  These 

approaches are then examined further and incorporated into a variety of virtual learning platforms, 

called Virtual Field Geology (VFG), in a manner that is provided free to the educational researcher, 

with minimal outside program applications required.    

2.2 Possibilities in augmented geoscience research and analyses 

As technology continues increasing at exponential rates, the costs of resources to create 

three-dimensional digital models has decreased, and in some cases costs little to nothing.  Along 

with the reduction of the expenses, the ease to which creating digital geologic models has become 

more intuitive and can be quickly referenced using virtual globes like Google Earth® and ArcGIS 

Earth® (Bailey et al. 2012, Blenkinsop 2012, Lisle 2006, Paor 2016).  Several authors have noted 

the opportunities for digital geology to enhance the learning environment from K – 12 classes, to 

college classrooms, online or distance education to researchers (De Paor, 2016, Melim 2004, Slator 

et al. 1999, Tavani et al. 2016, Westhead et al. 2013).  As more college campus’s embrace online 

learning environments, digital virtual geology can act as an analog environment to enhance 

traditional learning methods and facilitate virtual fieldwork, research collaborations, geo-archives, 

virtual access to heritage sites, citizen-science, remote learning and provide researchers 

accommodation that cannot permit them to enter the field site to research (Bailey et al. 2012, De 

Paor 2016, Stainfield 2000, Thorleifson et al. 2010, Whitmeyer et al. 2010).   

Virtual learning applications can range from simple vector data capture using reflectorless 

laser range finders, digital photographs, anaglyphs, stereophotogrammetry, three-dimensional 

models, interactive digital models, virtual rock samples and more (Xu et al. 1999, Xu et al. 2000, 

De Paor 2016).  The current potential of digital geologic field models can expedite the collection 
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and distribution of geological, environmental, and resource information, with the ability to do real-

time analysis (Xu et al. 1999, Xu et al. 2000, Trinks et al. 2006).  The digital environment can 

significantly enhance geoscientific research and teaching, with the remote application of hands-on 

erudition through virtual learning environments (Aiken 2004, Bailey et al. 2012, Lin et al. 2013).  

The benefit of being able to distribute geologic information rapidly can enhance and beneficially 

impact all the natural sciences, in addition to numerous other disciplines (Xu et al. 1999, 

Verhoeven 2011).   Newer approaches allow digital analyses to be made real-time in the field, 

using either something as simple as your smart-phone or tablet device, hosted via the internet, to 

improve the efficacy of field observations and interpretation (Pavlis et al., 2017, Weng et al. 2012, 

Whitmeyer et al. 2010).  Additionally, the ability to archive geologic features for data collection 

is still relatively new, and most applications are to study surficial geologic outcrops and roadcuts, 

geomorphology or rates of weathering and differential erosion (MacCormack et al. 2015, Pavlis et 

al. 2017).   

Along with the benefits of digital geology, there are still many limitations, but continuing 

advancements will soon provide digital geology with the ability to display and interact with data 

ranging from the millimeter scale to kilometers (Aiken 2004, Pavlis et al. 2017).  No longer are 

the traditional field data collection methods the single application to apply to geological areas of 

interest, and furthermore, with continued advancements in digital geologic mapping, paper 

mapping has become outmoded, but should always remain a cornerstone of cartography and 

geoscientific mapping (Pavlis et al. 2010, Pavlis et al. 2017; Whitmeyer 2012).  Additionally, two-

dimensional mapping does not represent the real three-dimensional globe, and for researchers to 

truly visualize geologic points of interest, the ability to envision an outcrop in three-dimensions 
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with georeferenced data allows for an immersive, holistic experience that can act as an analog 

learning environment (Aiken 2004, Xu et al. 1999).    

Many current freely available virtual viewing platforms, like Google Earth®, use a draping 

imagery process that place ortho-corrected satellite and aerial imagery onto digital elevation 

models (Pavlis et al. 2017). Virtual platforms are excellent research tools to use planning logistics 

or scouting geological areas of interest, but steep terrain or obscured areas often display a smearing 

effect and do not accurately portray the real-world locations (Wolf, 1983; Pavlis 2017).  This is 

where photogrammetry and LiDAR (light detection and ranging) can step in, and build three-

dimensional models through collecting point-cloud data, post-processing triangulation and vector 

cleanup, and then draping the models with high-resolution photographs (Aiken 2004, Buckley et 

al. 2008, James et al. 2012, Sima 2013).  This modern approach to archiving three-dimensional 

areas of interest allows for a correction to common smearing issues within steep terrain, vertical 

cliffsides and obscured areas (Pavlis et al. 2017). Still, this approach is not extensively used to 

capture geological features because of the associated equipment costs, so other successful methods 

of data capture, like structure from motion and photogrammetry, can be used to build photorealistic 

models (Pavlis et al. 2017). Nevertheless, Terrestrial LiDAR survey (TLS) data, GNSS (global 

navigation satellite system) data and numerous high-resolution photographs were acquired, in 

various locations of the Arbuckle Mountains, Wichita Mountains, and north central Texas region 

to capture data for a three-dimensional geologic mapping graduate course at The University of 

Texas at Dallas (Aiken 2004). Graduate researchers then built photogrammetric models using 

Agisoft PhotoScan® Professional software, Sirovision® by CAE Mining, and LiDAR point clouds 

were created using VZ400 Reigl® terrestrial laser scanning equipment. These models were made 
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available for use in geoscientific research, and act as a method to educate graduate researchers and 

build a virtual geologic model repository and collection.  

There are numerous benefits to using three-dimensional geologic models for education and 

research.  These benefits include the ability to view high-resolution models, from mm to km range, 

through augmented reality or on your PC or cell phone that has the ability for multipoint viewing 

of geologic cross-sections, road-cuts, and virtual rock samples.  This can allow for improved 

geometric calculations and structural analyses to be made remotely, with the ability to examine 

geological processes, even over time pending the models are available for the same site locations 

(Pavlis et al. 2017).  The speed of technological improvements continues to permit new facets of 

interacting with three-dimensional geologic models, with the end-point being a completely 

immersive virtual reality, with may happen sooner than anticipated as technology costs continue 

decreasing (Palvis et al. 2017). Additionally, the ability to archive geologic phenomena, in places 

of rapid erosion or for historical heritage preservation, provides another facet for virtual geology 

applications. 

As with all technology, there are always limitations and hurdles, be that the cost or the 

user-friendly ability.  These limitations and obstacles include software dependency, equipment 

training, and customized field computer equipment, which often come at a price to the researcher.  

Professional researchers can regularly obtain expensive hardware and software through their 

employers or grant funding, but at an introductory level, the associated costs are often too high for 

an individual user to purchase.  That is where virtual learning platforms step in, to alleviate user 

costs and provide the necessary research tools.  Many of the platforms provided to college-level 

researchers are through textbook publishers, but these are platforms not explicitly tailored to the 
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geoscientific research outside of introductory topics or themes.  This dissertation research aims to 

fulfill this niche by incorporating a wide-array of virtual learning platforms to use an analog field 

environment for geoscience research through interaction with digital outcrop models and research 

modules.  

2.3 Virtual Learning Platforms    

 There are currently very few virtual geology learning platforms, available for free 

educational purposes, which incorporate photorealistic virtual models of geologic phenomena into 

the research curriculum.  The most commonly used freeware platform is Google Earth®, where the 

user can see a georeferenced geological location, with the possibility of additional remote sensing 

data depending on site location. However, there are always limitations to using something for free, 

and regarding Google Earth® applications, often geological areas of interest are remote and do not 

have data available except for the satellite aerial imagery.  Additionally, pre-built learning 

platforms can be costly, and often do not integrate a virtual learning environment like digital 

geologic outcrop models. That is where The University of Texas at Dallas Cybermapping lab has 

stepped in to develop three-dimensional models of geological areas to incorporate for educational 

and research purposes. These virtual geologic models are georeferenced, contain 

orthophotography and are interactive, with some having the ability to view observed annotated 

field remarks directly on a virtual model.   

The University of Texas at Dallas (UTD), Department of Geosciences Cybermapping 

Laboratory, has created three-dimensional photorealistic virtual models of geologic outcrops for 

over 15 years. This technology brings real-world geologic field sites into undergraduate 

geosciences classrooms so that researchers can interact with virtual models, taking the geosciences 
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researcher out of the two-dimensional world of the textbook and into the real three-dimensional 

world.  The UTD Cybermapping lab builds accurate, down to the millimeter-level, three-

dimensional photorealistic models of geologic outcrops and pieces of rocks/fossils that exist in the 

real world. Some models are designed to be digitized, with researchers annotating their 

observations on a tablet device or cell phone.  Then, with a combination of software-based tools 

and user-friendly technology, annotations of interpretations are placed on the three-dimensional 

models in the lab or the field before an actual outcrop and then transformed from the two-

dimension screen/image surface onto the three-dimensional model to be viewed on a three-

dimension high definition television.  Light-weight field tablets with internet connectivity and 

open-source OpenSceneGraph software provide the opportunity of using a digital geology field 

notebook in the field, with an original review in the lab.  

2.4 Applications for virtual geoscience 

 Through literature review and examination, the dissertation research has set out to create 

an analog virtual learning environment for use in geological field studies that combines an 

amalgamation of virtual and traditional resources.  Three-dimensional geologic modeling opens 

many possibilities and applications for field geology. The ability to transition research and 

education from two-dimension paper analyses to three-dimensional models that can detail relief, 

provides a unique perspective to experience remote geologic phenomena (Pavlis et al. 2017).  

Novice introductory geology researchers can have difficulty relaying the three-dimensional world 

onto a two-dimensional flat surface, and digital globe resources can assist with this issue, but 

providing an apter analog environment, focusing on site-specific details, may improve learning 

objectives and outcomes.  The possibilities indeed are limitless since technology is growing at 
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exponential rates. For now, digital geology possibilities for geoscience education and research can 

permit users to evaluate and interpret three-dimensional geologic features hidden inside robust 

samples, structural geologic analyses and sequence identification, and the ability to examine three-

dimensional relationships of interest including stratigraphic variations, structural deformation and 

surficial erosion (Xu et al. 1999; De Paor, 2016).  Additionally, digital geology gives the ability to 

archive samples intended for destructive testing or to provide access to rare or delicate collections 

(De Paor 2016).  Also, it gives the ability to prepare for field trips and reinforce learning objectives 

and overall retention post-field trip, or the capability to accommodate and provide access to 

geological materials for disabled and other non-traditional researchers (De Paor 2016).  Lastly, 

digital geology offers a capacity to aid in the peer-review process and to enhance supplemental 

electronic publications (De Paor 2016).   

Virtual digital geology can be used in a variety of courses and disciplines to enhance 

learning and understanding of geologic concepts, like geoscientific observations, interpretations, 

and mapping.  Examples of these include incorporating simulations like virtual reality, Google 

Earth® remote field viewing, educational videos and the corresponding and supplemental readings.  

Rarely, if ever, are multiple facets combined to enhance a learning experience designed to attain a 

holistic approach to erudition and interacting with the digital world environments.  As discussed 

with applying digital geology into the classroom or training environment, these applications can 

provide new insight into geoscience research.  The dissertation focuses on attaining an 

amalgamated approach to geological field research utilizing the field of digital geology and 

combining it with traditional methods used in geoscientific research.   
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CHAPTER 3 

ORIGINAL VIRTUAL FIELD GEOLOGY GRAPHIC USER INTERFACE  

3.1 Overview 

 Developing and utilizing virtual models, photo-realistic geologic modules for education 

and research, are a relatively new facet of geoscience research. The possibilities are still growing 

regarding how this type of technology can apply to the research and educational field.  This chapter 

examines the development of original virtual field geology (VFG) graphic-user-interface (GUI) 

for use in geoscience education and research.  This component of the dissertation research is a 

developed prototype to one approach implementing this virtual learning environment and research 

technology in the classroom, Figure 1.  The desktop platform is designed to be free for the user, 

regarding the various programs required to create the analog prototype virtual experience. This 

chapter examines the geological study areas evaluated within the VFG GUI, how modules 

incorporate these geological areas and the modules learning objectives with desired learning 

outcomes.  Each module learning objective is designed to integrate critical thinking, observation 

skills and geoscientific mapping of geological phenomena.  The possibilities range from simple, 

intuitive observations at the beginner levels to high-defined problems that require delineation and 

critical interpretation at the advanced level.  Chapter 4 will explore the application of this VFG 

course for use as a senior-level undergraduate geological field analog course.   

With every science-based laboratory or experiment-based learning requires that safety 

protocols are followed every step of the way.  For a virtual learning field geology environment, 

the safety measures followed would substantially differ from that of a traditional field geology 

course, with the most obvious difference of locations – outdoors versus indoors.  However, with 
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those differences aside, some of the conventional field safety measures are included within this 

VFG learning platform to expose the non-traditional researcher to all aspects of field geology 

safety.  Figure 2 details the general safety tips and precautions for both in-field and remote-based 

field geology experiences.  

 

Figure 1.  Virtual Field Geology Graphic User Interface layout. 

 Once the researcher has become familiar with the safety preparations for their virtual 

geology experience, they can then watch an introductory video to digital geology produced by The 

University of Texas at Dallas (UTD), Figure 3. This video details what the UTD Geosciences 

Cybermapping lab can do with digital geology, including communication and analyses in real-time 

(Aiken, 2012).  Additionally, this video illustrates one method that the user with interact with 

digital geologic models during their virtual field course tenure.  This approach is a tablet-based 
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digital geology annotation activity that allows the user to digitalize their observations with 

annotations on to photographs, then relay their annotated photos onto a geologic model for 

viewing.  This tablet approach is discussed in greater detail in a later section. 

 

Figure 2.  Virtual Field Geology Program Safety Information. 

Before the virtual geologist can begin their observations of geologic phenomena, they must 

first have the digital tools required to view, annotate, and capture their virtual geologic fieldwork.  

The software tab within the introduction section of the VFG desktop software program details all 

the necessary ancillary requirements to complete virtual fieldwork, Figure 4.  Users will download 

and install the listed programs, such as Google Earth® Pro or ArcEarth®, Adobe® viewer, and 

OpenSceneGraph® (OSG), all of which are available for free.   
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After all required applications and digital tools are installed, the researcher can begin their 

virtual field experience.  However, if they should have any questions, they can review the 

frequently asked questions (FAQs), the rock on tab, and the MISC tabs within the introduction 

section if they ever feel discouraged, or have any specific issues that may have already been 

addressed, Figures 5, 6 and 7.  The rock on tab is a link to a YouTube® video with a, publicly 

available, funny geologic music video.  The MISC tab details information on how to contact the 

developer, information on the distribution of the software and how it cannot be used for proprietary 

purposes, and a note indicating that a version 2.0 will be developed in the future and include new 

locations.  

 

Figure 3.  Virtual Field Geology Introduction to Digital Geology. 
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Figure 4.  Virtual Field Gear (software).   

 

Figure 5.  VFG Frequently Asked Questions. 
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Figure 6.  VFG Rock on YouTube video produced by Science with Tom YouTube® Channel. 

 

 

Figure 7.  VFG Miscellaneous information. 
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3.2 Fieldwork methodology: Building in-situ geologic 3D models 

 Digital field geology has become progressively easier to capture data, process it and 

archive the virtual phenomena as technology grows, and processing becomes modest, intuitive and 

cost-effective for the average user. The University of Texas at Dallas (UTD) Geoscience 

Department Cybermapping Lab, has methods to capture and process data, ranging in price and 

ease-of-use.  Regular courses are offered each semester at the graduate level to learn about these 

methods and then build geologic models to include with the UTD Cybermapping Lab archive.  

Extension work and field data collection have been concentrated within southern Oklahoma and 

north central Texas, but the Cybermapping Lab houses several models from around the United 

States and various international locations.  All models used within the VFG platform were captured 

and processed at the UTD Cybermapping Lab through either individual or collaborative efforts, 

and credit listed within the program for each model contributor.  The following paragraph details 

the workflow to capture and process these digital, virtual geologic environments.     

 At the UTD Cybermapping laboratory, several methods to capture and produced digital 

geologic models are used to capture various geologic, cross-sectional road-cuts and railroad-cuts.  

One course offered within the UTD Geosciences department is an introduction to LiDAR (light 

detection and ranging) graduate-level course.  Within this course, researchers will use LiDAR 

equipment, personal and professional cameras, total-imaging stations, laser-range finders and 

GNSS data to capture, build and process a geologic model for their course project.  This project is 

semester-long, and researchers learn about the different methods to obtain data, associated costs 

and equipment, then go to the field to capture a geologic model for incorporation into the UTD 

Geosciences Cybermapping archive.  Fieldwork methodology for photogrammetry and LiDAR 
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data capture has been well-defined in many published articles (Xu et al. 1999, Xu et al. 2000), but 

for inclusivity purposes, photogrammetric field methods used by the author are detailed step by 

step in the following paragraph.   

 The first step in capturing field photographs for building a photogrammetric model is field 

site identification.  It is recommended that areas with minimal vegetation be selected as vegetation 

can often cause artifacts or smearing within a virtual model.  Once the site has been chosen, the 

field geologist needs a camera, GPS unit, a meter stick, field notebook and any backup batteries to 

begin capturing their field data. Photographs should be taken at equal distances apart, ensuring 

about a 60% coverage overlap between photos, Figure 8. Two cameras are best since pictures can 

be taken simultaneously to avoid light issues, but one camera will still work fine.  To determine 

the distance between images camera positions, use a reflectorless laser range finder to determine 

the length of the area of interest.  Place camera positions about 1/6th of the distance to the outcrop. 

Figure 9 illustrates the camera position set up for taking photo-pairs.  Line segment AB is the 

distance to the rock feature of interest, line segment CD is 1/6th of the line segment AB distance.  

Again, when taking the photographs use about a 60% overlap with a focus on the same central 

position with the two camera positions, then overlap the adjacent photo sets by 50% to be able to 

build a mosaic image.  From this point, once all photographs have been collected for the geologic 

location, post-processing can commence.    

 There are many three-dimensional modeling software programs available on the market, 

but the original models built by the author used either Sirovision® by CAE mining or Agisoft® 

Photomodeler to construct these photo-realistic models and export them into various user-friendly 

formats.  Virtual rock samples were also created that utilized the QLone® phone app, a process 
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that involves using a gridded sheet to scan an item with your cell phone, tie the image together 

with another scan position, then merge the scans into the same model.  However, processing a 

photogrammetric model involves a similar workflow as post-processing LiDAR data.  The user 

will first upload their photos into the program, then match tie-points and set the tie point 

georeferenced positions; they will use the chosen software application to align their pictures and 

build a point-cloud of their model.  This is when the user can also mask photographs (remove non-

pertinent scenes from the picture).  From there the user will then build a dense point-cloud, create 

a mesh and add texture to their model.  After each step, the user can clean their model by removing 

any irregular positions or triangles, then export it into a variety of formats.   For this dissertation 

work, built models were exported into obj and pdf formats.  Additionally, external website hosting 

applications, like SketchFab®, were used to create HTML embed codes to place models into 

various online platforms for interactive visualization.   

 
Figure 8.  Camera field setup to capture photo pairs used to build 3-D geologic models. 
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Figure 9. Field Camera Position Set-up for Data Acquisition. 

 The following virtual field sites were developed for the VFG interactive geologic learning 

platforms:  1) The Arbuckle Mountains, located in southern-central Oklahoma, USA, is the focus 

of this dissertation research.  The overall concentration in the Arbuckle Mountains is on 

stratigraphy and structural geology, geomorphology and quaternary geology.  Users will focus on 

Paleozoic deposition, geoscientific mapping, surficial sedimentology, and differential erosion 

rates.  2) The Wichita Mountains, located in southern Oklahoma, USA, examines volcanic rock 

features such as diabase dikes and variations in igneous deposition and composition. 3) The 

geology of the Dallas/Ft. Worth Metroplex is reviewed detailing the past depositional 

environments and structures through road-cuts and rail-road cuts, with activity on micro-fossil 

identification.  4)  A brief examination of south of Dyer, Nevada, the USA, technically just past 

the California border, where an investigation of igneous fractures is analyzed, and users can 
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evaluate an outcrop of Cataclasite within a transform-boundary crush zone. 5)  The last location 

examined is Dinosaur Provincial Park, Alberta, Canada which focuses on geomorphology, 

quaternary geology, differential erosion and paleo-fluvial feature identification.  Each of the 

geological site locations contains specific learning objectives based on the data available, and are 

explored further in the next section of this chapter.    

For the user to have a comparable analog, they are provided with a variety of research tools 

including a brief geological background of the study area, the age and distribution of the rock types 

examined significant events and primary rocks types for each module site location.  Additionally, 

they are presented with recommended readings from various journal articles and field guides to 

evaluate the geology of the study region further.  Many georeferenced areas are provided for each 

site to be viewed on Google Earth® or ArcGIS Earth® via provided kmz or kml files.  A variety of 

3-D PDF documents, photorealistic models, original photography, interactive virtual rock samples, 

and videos are also made available within various modules to enhance the virtual research 

experience.  

The three-dimensional data collection and mapping was a collaborated endeavor 

accomplished by many fellow geoscientists from UTD and several life-long learners.  A special 

thank you is merited to the following people for their significant contributions in collecting the 

data used to build the five locations virtual field models.  First, Dr. Carlos Aiken from The 

University of Texas at Dallas, for his mentorship, and to the UTD Cybermapping crew, Rebecca 

Aguilar, Dr. Mansour Alhumimidi, and Tiffany Savage.  Second, Lionel White, from GHVM LLC, 

and his wife Sally White, merit a special thank you for hard work in mentorship, data collection 

and travel.  An additional thank you to Dr. Randy Keller, former head of the Oklahoma 
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Geophysical Survey, and to Dr. John Holbrook from Texas Christian University, for their 

collaboration and travel funding on projects in Oklahoma and Canada. 

3.3 Modules developed for virtual field geology digital analog course 

To facilitate a simple graphic-user-interface (GUI), that utilizes various web-based 

freeware programs, different learning modules were designed to provide an intuitive learning 

program that incorporates the necessary data to build a realistic virtual learning environment, 

Figure 1.  Each module focuses on a specific geological area or region, then highlights formations 

or features within the region and applies this to a user’s ability to think and research a geoscientific 

objective critically.  In this research, modules were developed for the Arbuckle and Wichita 

Mountains in southern-central Oklahoma, USA, Dinosaur Provincial Park in Alberta, Canada, 

areas in southern Nevada/California, USA, and a regional geological study of the Dallas/Ft. Worth 

Metroplex.  The following information examines each of the location modules developed for the 

virtual field geology (VFG) analog course.  

The most significant area of study and focus for this dissertation research is in the Arbuckle 

Mountains in the south-central portion of Oklahoma, USA.  This location contains several three-

dimensional models developed through a variety of methods. These methods include 

photogrammetry using programs such as Sirovision® by CAE Mining, Agisoft® Photomodeler in 

addition to using LiDAR, combined as photorealistic mapping, or just known as Cybermapping.  

The desktop software program platform itself was built using a Visual Basic® script that 

incorporates GUI’s to design and implement a layout of the designer’s choice. Using these virtual 

geologic models, a series of questions were posed for each location that focuses on various 

geologic concepts and principles used to foster a geoscience researcher’s growth mindset.  Module 
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1, or the Arbuckle Mountains Module, contains over ten site location models, several virtual rock 

samples, accompanying site background information and raw site location data, Figure 10. 

As seen in Figure 10, the simple, intuitive layout for the GUI provides the user with the 

necessary tools to facilitate a virtual learning environment, given only access to a computer and 

the internet.  This program combines background documents, three-dimensional models in varying 

formats, videos, virtual field trip, georeferenced Google Earth® files, virtual rock samples and 

original orthophotography specific to each site.  Users will work on the provided virtual field trip 

and module 1 assignment to complete a series of learning objectives related to the various site-

specific questions.  The following information will detail what each of the Module 1 tabs contain 

about site data available, starting with the virtual field trip and incorporating the other learning 

tabs to enhance the virtual field trip experience (Fay 1988, Fay 1989, Ham et al. 1969, Ham et al. 

1973, Ham et al. 1990). 

 

Figure 10.  The layout of Module 1:  The Arbuckle Mountains, Oklahoma, USA. 
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Figure 11. The layout of Module 1 virtual Assignment tab.  

 To start with the Module 1, Arbuckle Mountains, Oklahoma assignment, the user will click 

on the Assignment tab, Figure 11, to read through the listed details for the module project. In this 

case, the user is instructed to start designing a virtual field notebook that will outline the geological 

observations of each virtual site visited and detailed responses to specific learning objective 

questions posed along the virtual field trip.  The user will then submit their final virtual field 

notebook, along with all annotated models and photographs, and the completed virtual field trip 

guide for a grade in the course or the assignment.  With the assigned project understood, the user 

will then use the provided information in the tabs underlying the Assignment tab.   

 The PDF Documents tab, shown in Figure 12, provides the user the necessary background 

files for the area of research and any additional pertinent information sheets respective to the study 
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local or virtual field site.  For this module, the user is provided with commonly used, publicly 

available regional study guides and field documents relative to the Arbuckle Mountains, 

Oklahoma, USA.  While this publicly available research does not collaborate in a fashion that 

makes the geological information organized by site, instead, provides the user with more than 

enough previous field research and background data that they will use to aid in summarizing the 

regional geologic history and site-specific depositional events. These documents can easily be 

customized for a course or research objective to conduct a geology literature review.   

 
Figure 12. The layout of Module 1 available literature resources. 

 To efficaciously develop a keen understanding and appreciation of geological fieldwork, 

the analog environment must provide the user with the same tools and resources that a tradition 

field study would entail, including geoscientific maps.  Providing researchers with simple surficial 
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geology maps, aerial photos and simplified regional mapping data available allows the user to 

analyze a variety of map scales and surficial features, Figure 13.  Using this provided data, focused 

on large-scale patterns and observations, permits the user to focus on smaller areas of interest, 

which will correlate with the regional views.  The summary of the user’s comments and 

geoscientific mapping (surficial maps, cross-sectional profiles, and stratigraphic columns) of each 

virtual field location is included as a significant component of their final virtual field notebook 

project.  Additionally, the observing faculty member could provide, as much or as little, site detail 

depending on the specific site research and learning objectives.   

 

Figure 13. The layout of Module 1 available surficial mapping resources.  
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Figure 14. The design of Module 1 three-dimensional models for observing and annotating.  

 The heart of the virtual learning platform is interacting with three-dimensional geologic 

models in the virtual environment.  This VFG GUI provides the user with multiple model formats 

and site examples that allow the user to interact with real-world geologic field sites, from the meter 

to centimeter accuracy depending on the model, Figures 14, 15, 16 and 17.  The user will click on 

the file they want to download; then they will be prompted to select a directory to save the file.  

The various file formats for these virtual models include three-dimensional PDF files, obj, and zip 

files that contain photographs that user can annotate on, then project their annotations directly onto 

the three-dimensional model and then view and interact with the model through the 

OpenSceneGraph viewer.  Examples of incorporating these annotated models, in additional to 

traditional geoscientific mapping, into the user’s virtual field notebook are examined in detail in 

Chapter 5.   
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Figure 15.  Example interactive model of the Kindblade formation in the Arbuckle Mountains. 

Figure 16. Example interactive model of the Bromide/Viola contact in the Arbuckle Mountains. 
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Figure 17. Example interactive model of the Upper Arbuckle Group, Oklahoma. 

 To visualize the area, in a manner greater than two-dimension and three-dimensions, the 

user can view uploaded videos within the module by clicking on the Video tab, Figure 18.  In the 

Arbuckle’s Module, there are a few videos available for viewing inside the VFG program.  The 

Arbuckleflyover.avi file, a regional flyover using Google Earth®, and incorporating models 

developed by Lionel White of GHVM LLC and The University of Texas at Dallas Cybermapping 

Laboratory, provides a simulated regional aerial perspective of the study area, incorporating 

several of the three-dimensional models that are interacted with and annotated upon by the user.   

Additional video links include YouTube® videos for a many of site locations that contain 

interactive models and more.   
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Figure 18. Layout of Module 1 Arbuckle Mountains Video resources. 

 After the researcher has read through the provided background documents, examined the 

offered three-dimensional models and viewed the regional Google Earth® flyover video, they are 

prepared to take their VFG field trip, Figure 19.  To start, the researcher will click on the kml/kmz 

tab and download the file to open within Google Earth® or ArcGIS Earth® (Figure 20), then they 

will click on the Field Trip tab and download the Virtual Field Trip PDF file.  This file contains 

the georeferenced site locations provided in the Google Earth® files, summarized site-specific 

geologic information and a series of questions at each virtual field stop.  Figure 21 provides an 

example of what the user will see when stopping along their virtual geologic tour.  Users will then 

continue to the final two tabs within the Arbuckle Mountains module, the virtual rocks tab and 

photos tab, Figures 22 and 23, to culminate their holistic virtual field experience.  Again, this 
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information will be used to illustrate a virtual field notebook submitted for course credit by the 

geoscience researcher.   

The virtual field trip experience is not a new concept and has been incorporated into 

learning environments for decades through either examining photographs or stereo-photographs 

of remote locations to using platforms such as Google Earth®.  This VFG field trip is comparable 

to these approaches but incorporates the additional experience of digital analog geology into an 

amalgamated learning approach for remotely viewing and interacting with digital geology.  

Additionally, using platforms like Google Earth® provide the researcher with the ability to view 

the site location from an aerial perspective and through street view perspective, pending the street 

view is available for a specific location. If a street view perspective is not available, the digital 

geologic models are always available for the researcher.  

 
Figure 19. The layout of Module 1 Arbuckle Mountains Virtual Field Trip.   
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Figure 20. Layout of Module 1 Arbuckle Mountains available Google Earth® files.  

 

Figure 21.  Layout of Module 1 Arbuckle Mountains Virtual Field Trip stops example. 
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Figure 22. Layout of Module 1 Arbuckle Mountains Virtual Rocks. 

 

Figure 23. Layout of Module 1 Arbuckle Mountains photography. 
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 The second virtual learning module within the original VFG platform examines a couple 

of locations within the Wichita Mountains, where the focus is now on igneous rocks and 

deposition.  Figure 24 illustrates this module’s home page, where an introduction to the area is 

examined through a brief geologic background and an over surficial geology map highlighting the 

location of interest for this part of the virtual field course.  As with the previous Arbuckle 

Mountains module, this module provides similar virtual learning tools ranging from background 

documents and surficial maps to interactive virtual geologic models.  Figures 25 and 26 depict the 

variety of background documents and available surficial cartography accessible within this virtual 

learning desktop software.  Figures 27 and 28 highlights the interactive models also available for 

this learning Module examining the Wichita Mountains in Oklahoma, USA.  

 

Figure 24. Layout of Module 2 Wichita Mountains, Oklahoma, USA.  
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Figure 25. Layout of Module 2 available PDF documents. 

 

Figure 26.   Layout of Module 2 available surficial cartography. 
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Figure 27.  Module 2 Interactive Models Available. 

 

Figure 28.  Module 2 interactive model of the Coldsprings Breccia, Oklahoma.   
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The third virtual learning module within this original VFG learning platform visits 

geological areas around the Dallas/Ft. Metroplex in North Central Texas, USA, where the focus is 

on sedimentary rocks and fossils, including a micropaleontology lab evaluating the forams of the 

Austin Chalk formation.  Figure 29 illustrates the layout for this module within the VFG learning 

desktop learning platform.  Figures 30, 31 and 32 highlight the available interactive models, and 

Figure 32, which shows the model of the Austin Chalk at Rowlett Creek, also includes a 

microfossil lab to conduct a real microfossil extraction experiment.  This is optional pending the 

researcher has access to the appropriate rock samples, processing tools and microscope to perform 

the analyses.  Overall this site location provides excellent analogs to examine the paleo-

depositional environments and resulting structural features.   

 

Figure 29. Layout of Module 3 Dallas/Ft. Worth Metroplex, Texas, USA. 
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Figure 30. Module 3 Interactive Geologic Models Available. 

 

Figure 31.  Module 3 Interactive Model of the Woodbine Sandstone Formation in Texas.  
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Figure 32.  Austin Chalk at Rowlett Creek interactive model.  

 The fourth learning module within this original VFG learning platform examines an area 

between southern California and Southern Nevada, where there is a formation of Cataclasite found 

along the California side of the border, Figure 33.  The location is known as the Willow Creek 

washout, where the Cataclasite is found in a fracture shear zone of Paleozoic rocks.  There is also 

an igneous fracture analysis model of the area that is available to the researcher.  Like the other 

module layouts, this location provides the interactive models, background documents, videos and 

maps to explore this location and conduct a detailed virtual analysis through geoscientific mapping 

and research.  Figure 34 features the interactive model examining a Cataclasite formation along a 

crush zone transform fault for the researcher to include in their virtual field notebook.   
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Figure 33. Layout of Module 4 southern California/Nevada area south of Dyer, NV. 

 

 

Figure 34.  Module 4 interactive model examining Cataclasite along a crush zone. 
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The fifth and final learning module within the VFG learning platform views a location 

within Dinosaur Provincial Park, in Alberta, Canada, where the user evaluates paleo-depositional 

channels and differential erosion rates.  Figure 35 details the layout of this module and the available 

resources to the user or geoscience researcher.  Data for this site include an interactive three-

dimensional model, a flyover of the area evaluating acquired initially and processed LiDAR data, 

links to the Dinosaur Provincial Park website and a few background documents, Figures 36 and 

37.  This is an example of a heritage site being preserved and archived for future use and analyses 

as time, and differential weathering rates persist on the unique landforms.  Texas Christian 

University Department of Geology provided funding for this research and travel to and from the 

park under the supervision of Dr. John Holbrook.   

 

Figure 35.  Layout of Module 5 Dinosaur Provincial Park, Alberta, Canada. 
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Figure 36. Module 5 interactive model of Dinosaur Provincial Park, Alberta, Canada. 

 

Figure 37.  Screen-capture of flyover video in Dinosaur Provincial Park, Alberta, Canada. 
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 Overall, this Virtual Field Geology, VFG, original learning desktop software provides the 

researcher the tools to produce a similar field-work data collection experience to traditional 

geoscience field courses, with some noticeable differences like lack of field travel, dealing with 

the elements (weather) and preparations to embark on some regional analyses of a study location.  

It will always be difficult to simulate the same field experiences when the user cannot go into the 

field, but virtual reality or augmented reality applications, like this virtual field geology, are a 

starting approach that can later be synthesized with other forms to build an even more holistic 

approach to virtual learning.  This approach to virtual education can significantly enhance the 

online class experience, in addition to providing accommodations to researchers with disabilities 

or non-traditional researchers.   

3.4 Module learning objectives and research opportunities 

 For a virtual learning platform to successfully aid a user’s ability to evaluate and interpret 

geological observation, the user’s pre-and-post knowledge must be assessed to determine the 

efficacy of this approach.  While not many studies that examine virtual learning examine the 

effectiveness of this modality, those that have evaluated the user’s knowledge have done so 

through a series of quizzes, a researcher lab report or through assessing student annotated sketches 

(Reynolds 2004).  However, not many studies evaluate the plethora of research opportunities that 

this approach could provide to academia.  Faculty could develop a portion of their lectures to 

incorporate this approach that will aid in demonstrating the topics and concepts taught during the 

semester.  Depending on the course subject, this method using virtual learning platforms would 

open the user’s eyes to geological phenomena in various parts of the world that most classes are 

unable to visit.  The technique could be applied to examining paleo-depositional patterns along a 
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road-cut, or structural engineering problems, and general geoscientific mapping exercises.  Mining 

applications have long utilized photogrammetry to explore the structural integrity of tunnel 

stability (Abellan et al. 2014, Hodgetts 2013).  Additionally, the software used to build some of 

these models was initially designed for mining applications (Sirovision® by CAE Mining 

software). Providing these similar examples and applications for the researcher or trainee can 

ensure the user is prepared to investigate future site locations, virtual or in-situ.  To ensure the user 

fully understands the module learning objectives, this research took the approach of developing 

pre- and post-assessment learning quizzes to evaluate and requires the completion of a virtual field 

notebook that details and illustrates the various relative dating principles, structural geology, 

paleo-depositional patterns and overall regional geologic history of a location of interest or study.  

This assessment is examined further in Chapter 5 of this dissertation research.  
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CHAPTER 4 

WEB APPLICATIONS FOR VIRTUAL GEOSCIENCE RESEARCH 

4.1 Overview 

 Web applications are becoming a simple, intuitive manner to facilitate the distribution and 

dissemination of data to a user, in addition to providing an online component that allows the user 

to interact with the model using their pc or tablet device.  This dissertation examines several 

different types of applications that can be used to incorporate virtual geosciences into education 

and research opportunities.  These applications include a web-based eportfolio virtual learning 

course using Foliotek® as the hosting platform, a smartphone app that provides a virtual field 

experience using the app builder Appy Pie® LLC, and an eLearning® course shell that can be 

uploaded into the Blackboard eLearning® environment that many colleges utilize.  While alone, 

each web application provides a different approach to examining virtual geoscience data, together 

they create an all-encompassing method to analyze geological phenomena remotely. This chapter 

discusses these three types of web applications for virtual geoscience research that can be used at 

the undergraduate, non-science major level, up to the major's graduate courses, depending on the 

topic and amount of detail required by the professor.  

4.2 Foliotek® web-based eportfolio virtual learning course 

As mentioned in previous chapters, the focus of this research was to design an analog field 

geology course that utilizes three-dimensional geologic models to provide a holistic approach to 

observing and interpreting geological phenomena for education and research.  Most importantly 

though, this analog course needs to be cost-effective, i.e., free or low-cost.  To facilitate this, one 

approach was to build and implement a virtual field-camp course for use as an alternative to 
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traditional field camp, using an online eportfolio builder, by Foliotek®.  This web-based approach 

allows the instructor to customize the virtual course load while providing and archiving a 

repository for geologic models used in case-study modules.  Foliotek® is used by many schools, 

community colleges, and universities, and if the institution has a subscription to Foliotek® in place, 

it is then free to the faculty and researchers. If an individual would like to purchase access, there 

are relatively low-cost options that the user can research on the Foliotek® website, 

www.foliotek.com.  The following details an eportfolio made using the Foliotek® web application 

to simplify a web-based virtual field geology course, that was used, and us further discussed in 

Chapter 5, as a case-study to accommodate a senior-level undergraduate geoscience field research 

credit.   

Overall, the general layout for this pilot, online analog virtual geology field course is 

detailed in Figure 38, and contains the same information that was provided to the researcher within 

the desktop software application that was developed by the author, with the exceptions of the web 

applications having embedded iframe HTML codes to include interactive models within the 

platform user layout.  The welcome screen describes some of what the researcher should expect to 

accomplish at the end of each course module, and how they will begin to compile their virtual field 

notebook for their final grade.  Within the homepage menu, several tabs include information for 

the user to understand what would be accomplished within a traditional field camp, and how this 

analogue field camp will relate and how it will differ by reviewing the virtual field gear used during 

the course tenure, the necessary safety precautions, the required software and programs to 

download, in addition to a helpful suggestions section.   

http://www.foliotek.com/
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The start here tab located within the home menu, Figure 39, provides the user with the 

overall layout and expectations for the virtual course, in addition to providing a virtual geology 

model to get started.  The user can see how photographs are annotated on and then displayed on 

the model in three-dimension to evaluate and observe the module objectives.  The approach to 

view and interact with the models requires the download of a freeware viewer.  It is recommended, 

within the home menu virtual field gear tab and the software and programs tab, to use the 

openscenegraph viewer available for download free at http://www.openscenegraph.org.  However, 

users can apply any 3D viewer that can view the provided file types (obj and pdf).   

 

Figure 38.  The layout of Foliotek® based virtual field course welcome page. 

http://www.openscenegraph.org/
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Figure 39.  The layout of Foliotek® based virtual field course start here page. 

 As mentioned previously, there are various required free software programs needed to be 

downloaded and successfully installed before beginning the virtual field course.  Figures 40 and 

41 provide a list of required and suggested programs to allow the user to view, build and perfect 

their virtual field notebook.  Necessary applications, programs, and requirements include access 

to Google Earth® or ArcGIS Earth®, OpenSceneGraph®, Adobe® viewer, and other non-computer-

related supplies, such as anaglyph glasses or stereoscopes, a Brunton compass, and a microscope, 

but these supplies are only required if the instructor can supply the student with the appropriate 

rock samples.  Often the necessary computer programs are already installed on the school’s 

computers or could be set up in a computer lab before a class visit.  While compared with a 

traditional geology field camp course, there are fewer safety precautions for the virtual field trip, 
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but to incorporate all components of a traditional field camp, information for both tradition and 

virtual field safety precautions are detailed, Figure 42.   

 

Figure 40. The layout of Foliotek® based virtual field course virtual field gear page. 

 
Figure 41.  The layout of Foliotek® based virtual field course software and programs page. 
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Figure 42.  The layout of Foliotek® based virtual field course safety precautions page. 

 Once the researcher has become familiar with the home tab components, but before they 

are ready to begin their virtual field experience, they should complete the Review Materials section 

to refresh themselves on the basics geologic field exploration.  For this eportfolio virtual field 

experience, users review how to use geologic field tools, relative and absolute dating, field 

observations and a review of fossil identification, Figure 43.  Part I of the Review Materials section 

illustrates the different types of geologic field tools used and how to use them by viewing various 

publicly available YouTube® videos and the provide review documents.  Figure 44 illustrates the 

layout for part of the materials review on using geologic field tools and shows the video examples 

of how to use a compass and map, and magnetic declination produced by Black Owl Outdoors and 

publicly available on their YouTube® channel.   
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Figure 43.  The layout of Foliotek® based virtual field course review materials page. 

 

Figure 44.  The layout of Foliotek® based virtual field course review materials part I page. 
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Figure 45.  Layout of Foliotek® based virtual field course review materials part II page. 

 Once the user has completed their review of geologic field tools, they will move on to an 

analysis of sedimentology, stratigraphy, relative dating, and absolute dating using a case-in-point 

study looking at the Grand Canyon, Figure 45.  Goals for this part of the review materials are set 

for the user to be able to interpret depositional history, observe the various relative dating 

principles to decipher sequences of events and stratigraphic mapping.  This is the most extended 

component to the review section, in that is takes concepts taught in other geoscience courses that 

are incorporated into their final virtual field notebook.   
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 The final section, part III of the review materials, looks at fossil identification, including 

an examination of micro-fossils, a standard field lab that is completed with processing samples in 

the laboratory, Figure 46.  Users are provided with external online web resources that can assist 

them with fossil identification and an examination of the processes that form fossils.  Lastly, a 

micro-fossil lab experiment can be provided to the users, where their professors will supply them 

with the necessary materials to process rock samples for micro-fossil extraction.  This is often a 

multi-day laboratory exercise that includes processes samples from the Austin Chalk formation, 

then extracting and mounting fossil specimens for identification.   

 

Figure 46. Layout of Foliotek® based virtual field course review materials part III page. 
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Figure 47.  Layout of Foliotek® based virtual field course virtual field site 1 page. 

Once the user has reviewed the primary resources, installed the necessary programs, and 

completed the review materials, they are now ready to start their virtual field camp.  The first 

module examines the Arbuckle Mountains, located in southern-central Oklahoma, USA, Figure 

47.  Within virtual field site 1, the researcher will find the necessary information and data to 

remotely analyze the various road-cut and surficial exposures of the geology in this region.  This 

includes a virtual field trip, examined through a series of publicly available YouTube® videos 

produced by the University of Oklahoma, a virtual field trip guide that utilizes Google Earth® to 

analyze georeferenced geologic points of interest within the Arbuckle Mountains, virtual models 
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of some virtual field trip stops, virtual rock samples from some site locations, original photographs, 

various background publications and more.  Figure 48 details the layout for the virtual video field 

trip, with several videos produced by the University of Oklahoma. These videos, plus additional 

YouTube® video resources, provide the user with a visual perspective of various depositional and 

structural features found within the Arbuckle Mountains.  An instructor or field expert in these 

videos point out features of interest, with some locations available to the users to explore further 

within original three-dimensional geologic models produced by The University of Texas at Dallas, 

Department of Geosciences Cybermapping Lab.   

 

Figure 48. The layout of Foliotek® based virtual field site 1, video field trip page. 
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Figure 49.  Layout of Foliotek® based virtual field site 1, Google Earth® files page. 

 Once the researcher has completed their video field trip of the various geologic points of 

interest found within the Arbuckle Mountains, they can then take their virtual field trip by opening 

the Google Earth® georeferenced kmz/kml files, then download and complete their virtual field 

guide, Figures 49.  The original virtual field guidebook for the Arbuckle Mountains contains 

numerous stops along Interstate 35 N (Hwy 77), where several roadcut exposures provide insight 

into the geological history of this region.  Questions about geological features, observations, and 

interpretations are asked along the trip, and various photos, videos, and three-dimensional models 

are examined to further the user's explanations of the observed geologic phenomena, Figures 50, 

51, 52, 53 and 54.  The virtual field guide could also be used as a pre-and-post geologic field 

knowledge tool, and can also provide a learning objectives user-understanding assessment.   
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Figure 50. Snapshot 1 of Virtual Field Guide and Geological Tour of the Arbuckle Mountains.  
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Figure 51.  Snapshot 2 of Virtual Field Guide and Geological Tour of the Arbuckle Mountains. 
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Figure 52. Snapshot 3 of Virtual Field Guide and Geological Tour of the Arbuckle Mountains. 
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Figure 53. Snapshot 4 of Virtual Field Guide and Geological Tour of the Arbuckle Mountains. 
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Figure 54. Snapshot 5 of Virtual Field Guide and Geological Tour of the Arbuckle Mountains. 
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 After the virtual field trip is completed and while the user is completing their virtual field 

guide, they can examine the available geologic models and data files available for several of the 

virtual field stops, Figure 55.  Since this is the first module, the user will become accustomed to 

the steps for viewing the three-dimensional models, how they can interact with the models, and 

then how to annotate their observations directly onto photographs that can then be viewed on their 

model.  This is an iPad or tablet approach which can be a great tool to use in the general geology 

classroom setting, that is interactive, and all researchers can work on the models at the same time, 

then discuss their analyses as a classroom to evaluate how each researcher may interpret 

differences in the observed geology.  

 

Figure 55. Layout of Foliotek® based virtual field site 1, model and data files page. 
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 The first model available to the users is the Kindblade formation that examines folding and 

faulting along the hinge zone of the Arbuckle Mountains in south-central Oklahoma, USA, Figure 

56.  This model is used to get the user accustomed to interacting with the model viewer platform, 

and in this case, it is Open Scene Graph (OSG), the viewer.  The user is instructed on how to use 

keyboard functions and cursory movements to rotate, tile, zoom, brighten and observe the models.  

From there, the user will interact with the model to make their observations and then display their 

annotations directly back onto the model to follow within three-dimensions.  It is noted that this 

option is not available for all models and is indicated on the website to the user.  This model 

annotation approach is referred to as the iPad or tablet method.   

 

Figure 56.  Layout of Foliotek® based virtual field site 1, model and data files page continued. 
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 The tablet/iPad approach is a simple, user-friendly method to mark observations of a 

geologic model onto the original model photographs for viewing annotation observations in three-

dimensions, Figure 57.  The annotations are made by using an app, for example, YouDoodle®, to 

draw directly onto the images in two-dimensions, then opened with the model to view in three-

dimensions.  This is a great application to use in a large classroom setting since researchers can 

use their smartphones and laptops, providing an opportunity for the entire class to work on a model 

at the same time, then compare and analyze observed differences and similarities. 

 
Figure 57. Image of annotated geology photograph using an Apple iPad®. 
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  Figure 58.  Researchers using tablets in the lab to analyze virtual geologic models. 

 Providing interactive learning opportunities in a geoscience lab setting allows researchers 

to visualize, discuss and interpret a variety of geologic concepts and then apply them to these real-

world settings.  Figures 58 and Figure 59 illustrate researchers in an introductory, non-science 

majors, Earth Science 1401 course.  These researchers had just received a lecture covering relative 

geologic principles to establish sequences of events, then were given a virtual geologic model to 

examine within groups.  From there they used photographs and their tablets, smartphones, and 

laptops to draw on these photos their geologic observations.  As a class, they examined each model 

and noted the similarities and differences between their comments and them discussed each 
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person’s level of understanding.  Overall, the researchers enjoyed the different approach and 

concept of hands-on learning.    

 
  Figure 59.  A researcher using an iPad to annotate photographs for a virtual geologic model. 

 The final product can allow researchers to visualize how their two-dimension photo 

annotations are viewed projected onto the three-dimensional model.  Additionally, the variations 

between each researcher’s work enable the instructor to evaluate and understand how their class is 

progressing and comprehending the course materials.  Figure 60 depicts a researcher annotated 

model being viewed within the three-dimensional OSG viewer.  The final product can also be used 

to determine a grade for a lab exercise or used in conjunction with other models to develop an 
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appreciation for a regional geologic area, similar to the virtual field site 1 of the Foliotek® virtual 

learning website platform.  

 
Figure 60. Researcher example of an annotated virtual geologic model.  

 
Figure 61.  Layout of Foliotek® based virtual field site 1, model and data files page continued 2. 
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 Continuing with the Foliotek® based virtual field site 1, several additional models are 

included to download, annotate the photos and then view back on to the model.  Additionally, 

researchers are encouraged to capture video of their models to add to the final course project, 

Figure 61. There are many video capture web applications, and the one used for this program is 

Bandicam®.  Where available, interactive models are embedded within the website to conduct a 

quick interactive experience, Figure 62, before downloading the model to perform their analyses 

and annotations.  These three-dimensional embedded interactive models are also available to view 

in an untethered augmented reality device that allows for an even more realistic learning 

environment (discussed further within section 4.3 smartphone applications).  The embedded 

models are great tools for online courses since rarely do online geology courses include interactive 

geologic models as supplemental material.  Allowing researchers to interact with rock formations 

they are studying provides an open-mindset into critical thinking and a fun alternative to traditional 

classroom activity.   

 As with traditional geologic field studies, virtual geologic field studies provide several 

photographs to the users so that they can see what other researchers saw and participated in along 

their field trip.  Figure 63 shows some of the photos made available to the researchers, including 

rock outcrop and roadcut photos, structural and stratigraphic geologic features, rocks samples and 

fossil samples, pictures of acid-test-reactions and many photo-ops of field geologists in action.  

The images are available to the user in a zip file available for download from the website.  These 

photographs do not include the photos that researchers use to annotate onto the virtual geologic 

models.  Those model photos are found within the downloadable model zip files.    
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Figure 62.  Layout of Foliotek® based virtual field site 1, model and data files page continued 3. 
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Figure 63.  Layout of Foliotek® based virtual field site 1 photographs. 

After the user completes their virtual field guide and has examined their virtual models, 

they can use the provided pdf documents to further explore the geologic history and depositional 

past of the virtual field sites.  Instructors could customize the provided reading material to the 

specific virtual field stop or model they are examining.  For this website, ten pdf documents for 

virtual field site one were included together with both site-specific and regional geologic 

information, Figure 64.  Each record lists the source author and proper citation.  Topics range from 

regional to local past geologic studies and reports.   
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Figure 64. The layout of Foliotek® based virtual field site 1, PDF documents page. 

 A collection of 3D-PDF documents are available to the user for download and 

incorporation into their final projects, Figure 65.  These models are the same as the models 

available within the models and data files section of the virtual field site 1 location, only varying 

in the file format and method of viewing.  Additionally, where embedded models are not available, 

3D-PDF models can easily allow for simple, intuitive model interaction without having to leave 

the website application.  All 3D-PDF models contain information on who the model developer is 

and the site location name and where is it found along the virtual field trip.   
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Figure 65. The layout of Foliotek® based virtual field site 1, 3D PDF page. 

 The final tab under the virtual field site 1 location of the VFG website Foliotek® based 

application details the last assignment for this part of the final project.  Researchers will need to 

incorporate their annotated models, geoscientific mapping (cross-sectional and regional profiles) 

into their final project.  They will use all the provided tools to detail, in their own words, the local 

history, depositional history and the specific sites examined, to build a virtual geologic field 

notebook to submit for their final grade in the analog field course, Figure 66.  An example of a 

completed virtual field notebook is examined in chapter 5 of this dissertation research.   
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Figure 66. The layout of Foliotek® based virtual field site 1, virtual field assignment page. 

 The second virtual field site within the web-based Foliotek platform examines the Wichita 

Mountains in southern Oklahoma, USA.  This virtual field site is a bit different from the first 

virtual site and only scrutinizes two locations, for now, Figure 67.  The two areas reviewed in 

virtual field site 2 are the Mount Scott Granite and diabase dike model and the Coldsprings Breccia 

model, which focus on igneous features and compositional differences.  The virtual field site two 

homepage describes a brief formation history of the region and an interactive embedded model to 

become familiar with one of the site locations, the Mt. Scott Granite and diabase dikes.  As the 

user reads through the introductory materials, they will find a downloadable pdf file that examines 
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and details the regional history of the Wichita Mountains through time as described by Dr. Charles 

Gilbert from The University of Oklahoma, Figure 68.   Additionally, users will find a surficial 

geologic map image of the Wichita Mountains, which can be downloaded from the website in a 

kmz format, and then uploaded into Google Earth® for the georeferenced locations of the two sites 

examined in this area.  From here, users are ready to begin the second virtual field location of their 

final project. 

 

Figure 67. The layout of Foliotek® based virtual field site 2, Wichita Mountains page. 
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Figure 68. The layout of Foliotek® based virtual field site 2, Wichita Mountains page continued. 

 The Mt. Scott Granite and observed diabase dikes provide an excellent model to examine 

and understand the relative geologic principle of cross-cutting relationships.  Additionally, this is 

a great example to study igneous rock compositions.  Figures 69 and 70 illustrate the embedded 

interactive models available and the video clips to watch to explore the granitic shearing patterns, 

fracture analyses, and intrusive igneous features.  This site provides researchers the opportunity to 

analyze the variations in the volcanic rock compositions, with an effort to establish the formation 

sequences that would yield this displayed igneous composition mixing.  Additionally, this site adds 
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to examine the rates of differential weathering in minerals to inspect mineral stability differences 

between mafic and felsic compositions.  For the Mt. Scott Granite and Diabase Dikes virtual field 

location, virtual field site observation objectives include examination in discrepancies between 

surficial topography and subsurface geology, evaluating shearing and fracture feature analyses, 

rates of weathering, and igneous compositions, Figure 71. 

 

Figure 69. The layout of Foliotek® based virtual field site 2, Location A, Wichita Mountains. 
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Figure 70. Layout of Foliotek® based virtual field site 2, Location A videos, Wichita Mountains. 

 The second virtual geologic field site examines the Coldsprings Breccia near the Wichita 

Mountains, Figure 72. This location is an exceptional site to challenge researchers due to the 

unique mixing of the different melts observed along a roadcut in the southern Oklahoma Wichita 

Mountains.  Therefore, determining the relative age of the various igneous compositions can be 

challenging for geologists without gathering mineral isotope ratio data.  A researcher learning 

objective for this location can include researchers answering these questions:  How did the two 

observed melts interact and mix, and in what order or sequence?  To examine the variation in 

compositional mixing along the Coldsprings Breccia, users will interact with a three-dimensional 

model to explore these dissimilarities.  This site has a model that can be viewed up to cm accuracy, 

with the total outcrop investigated is about 5 m across and 3 meters in overall height, Figure 73.  



 

82 

It should be noted that this virtual field site is the only site that examines hard rock in detail, with 

the exception of part of the virtual field site 4 location.   

 

Figure 71. Layout of Foliotek® virtual field site 2, Location A questions. 
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Figure 72. Layout of Foliotek® virtual field site 2, Location B, Wichita Mountains. 

 Overall, the second virtual field site examined within the Foliotek web-based virtual field 

geology course provides the user the tools to explore two locations of interest within the Wichita 

Mountains.  The gear includes the virtual models of both places examined, videos, PDF documents 

the associated Google Earth® georeferenced kml/kmz files.  Specific researcher research questions 
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regarding igneous rocks are asked and then applied within the context of this learning module. 

This is a site location that deems additional visits from the UTD Cybermapping Lab to acquire and 

map out other areas; any new locations will be included within the second version of this format 

at a later date.   

 

Figure 73. Foliotek® virtual field site 2, Location B interactive model, Coldsprings Breccia.  
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Figure 74. The layout of Foliotek® based virtual field site 3, Geology of the Metroplex. 

 The third virtual site location focuses on the geology of the Dallas/Ft. Worth Metroplex, in 

north-central Texas, USA, where stratigraphy and sedimentology are evaluated from three separate 

rock formations found along roadcuts and railroad-cuts in the area, Figure 74.  A brief geological 

history for the area is summarized, then three distinct rock formations are viewed through 

interactive models, photographs, reference documents, videos and Google Earth® georeferenced 

kmz/kml files, Figure 75.  The approach to interacting with these models is the same as the 

previous virtual site locations, but this area includes one of the most significant interactive models 

for researchers to annotate and identify various structural features.  This location covers the Austin 
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Chalk formation, and it is evaluated through a couple of different model locations, one associated 

with stream cut-bank erosion, Figure 76, and the other is along a railroad-cut, Figure 77.  Both 

places contain interactive embedded models, but the railroad cut model includes an annotatable 

file for evaluating the stratigraphy and structural features to view in three-dimensions.  The 

research opportunities for these virtual field site 3 locations involve examining paleo-depositional 

elements and environments, faulting and fractures, differential weathering and erosion rates, and 

the region’s geomorphology.  Overall, this is an excellent virtual model site to use by courses 

within the Dallas/Ft. Worth, Texas area since the site can be visited virtually, then in person, for 

comparison and then as a post-site evaluation.   

 

Figure 75. A brief summary of the geology of Texas, Virtual Field Site 3. 
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Figure 76. Virtual field site 3, interactive model of Austin Chalk stream cut-bank. 

 

Figure 77. Virtual field site 3, interactive model of Austin Chalk along a railroad cut. 
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 The fourth virtual field site examines a small portion of the Badlands in Dinosaur 

Provincial Park, in Alberta, Canada, Figure 78.  This location contains one model and one virtual 

flyover exploring a section of the park, Figures 79 and 80.  The primary learning objectives with 

this site location are to evaluate differential weathering rates from the examined hoodoos in the 

park, drainage patterns, and paleo-depositional channels through cross-sectional lateral 

extrapolation.  This is an excellent opportunity to explore an area, often closed-off to park visitors, 

rich with Jurassic sediments and fossils. Figure 80 focuses on some of the many Hoodoos in the 

park that users can interact with and evaluate paleo-depositional rates of chemical and physical 

weathering.  

 

Figure 78. Foliotek® virtual field site 4, Dinosaur Provincial Park, Alberta, Canada. 
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Figure 79. Foliotek® virtual field site 4, Location A. 

 

Figure 80. Foliotek® virtual field site 4, Location B.  
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Figure 81.  Virtual field site 5 Cataclasite.  

The last site examined is the Cataclasite near the southern-central California/Nevada 

border, Figure 81.  Once all sections have been evaluated, users will compile a virtual field 

notebook to submit to their supervising professor to assess their learning outcomes within this 

course.  An example case-study is assessed in chapter 5 of this research to determine the efficacy 

of virtual learning environments for use in geoscience education and research. Figure 82 details 

the outline for the researcher to follow in their final virtual field geology notebook.  This is to 

include all annotated digital models, structural analyses, geoscientific mapping and cross-sectional 

profiles, regional and local geology summations and any pertinent site-specific information that 

can be used to evaluate their level of understanding for all geologic phenomena observed within 

this application.  
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Figure 82. Foliotek® virtual field geology final project. 



 

92 

4.3 Smartphone web application virtual learning platform 

 Smartphone and tablet web applications, or apps, are increasing exponentially and 

becoming more and more popular, in addition to being practical in everyday applications.  Web 

applications provide an analog environment that the virtual geology platforms, in addition to just 

about any industry or field, can take significant advantage of in respect to geological virtual 

learning environments.  For this research, a simple, pilot app was constructed using a free app 

maker, Appy pie®, that permits the developer to build a simple, intuitive graphic user interface that 

provides the user with essential virtual learning tools, such as interactive models, virtual rock 

samples, georeferenced site backgrounds and augmented reality viewing of the presented models.  

This application, or app, is called Virtual Field Geology (VFG), and can currently only be 

downloaded as a PWA, or progressive web app, for only iPhone® devices by visiting 

https://www.pwastore.com/pwa/802c714d929c from your iPhone® Safari browser. The following 

information examines the web app, developed for free in PWA format for iPhone® using Appy 

Pie®, to use as a tool for virtual learning applications in the classroom, and geologic fieldwork. 

 The overall build of the VFG app highlights some of the work conducted through the 

Cybermapping Lab in the Department of Geosciences at The University of Texas at Dallas.  The 

Cybermapping lab has worked to develop a catalog of different geologic models designed for 

educational and commercial purposes and provides educational sample models free on the 

iGeology website, http://www.utdallas.edu/igeology/.  These interactive three-dimensional models 

of various geologic locations deliver the tools to integrate problem-based learning and research 

into the classroom, and now researchers can access many of these models through their cell phones 

or tablet devices.  Figure 83 illustrates two screen-shots of the web-app in development, with the 

https://www.pwastore.com/pwa/802c714d929c
http://www.utdallas.edu/igeology/
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left image as the start-up page and the second image the introduction page.  The introduction page 

has information evaluating what virtual field geology is and how The University of Texas at Dallas, 

Department of Geosciences Cybermapping laboratory has mapped out various rock outcrops in 

the field, then in real-time sent the observations back to the lab to analyze the features of interest.  

The video can be found at https://youtu.be/GsK3kUe1IWg on YouTube®. There is also an about 

us tab that details the background of persons involved in the creation of this app and the various 

models and data incorporated into the app.       

 

 Figure 83.  Homepage and Introduction of VFG app using Appy Pie® app builder. 

https://youtu.be/GsK3kUe1IWg
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This app is broken-up into site locations, like other virtual learning platforms developed 

through this dissertation work, starting with the Arbuckle Mountains in southern Oklahoma, USA.  

To access this location, users click on the menu tab at the top left corner of the app, then a table of 

contents appears, and a series of folders are listed. Clicking on the top folder takes the user to the 

available information and virtual models available for this location, Figure 84.  Figure 85 is an 

example of the Collings Ranch Unconformity virtual model, a site location found along Hwy 77 

(I 35 N) near mile marker 50.  VFG app photos are from the Appy Pie® app builder website. 

  

Figure 84.  VFG App Introduction page and Site Location 1 screen-captures.  
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Figure 85.  Collings Ranch interactive virtual model and Upper Arbuckle Group rock sample.  

A significant advantage to viewing virtual models on your smartphone device is the ability 

to see these models in virtual reality (VR), assuming the user has a VR headset to attach to their 

phone, and SketchFab® provides the viewing format through the user’s cell phone. Additionally, 

users can email the developer to attain files to download available model files, then annotate 
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directly onto the photographs associated with each model, and then update the model with the 

annotated images to view their work directly on the model in three-dimensions. Figure 86 

illustrates the Kindblade formation in the Arbuckle Mountains, Oklahoma, USA. The left image 

is the virtual model, and the right image shows the same location, but with the researcher annotated 

notes, observations, and measurements.      

 

Figure 86. The left image is an original model and right image is researcher annotated model.  
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Figure 87. YouTube® location videos and a virtual rock example of the Woodford shale. 

 

 To disseminate as much information within this VFG app, YouTube® videos are provided, 

covering everything from educational field trips conducted through the University of Oklahoma 

to cartoons illustrating regional depositional features through time, and virtual Google Earth® 

flyovers highlight the locations of these models along Hwy 77 (I 35 N) in southern Oklahoma, 

Figure 87.  Figure 88 illustrates screen-captures of the virtual model flyover with embedded 



 

98 

georeferenced models, with the left video image of the Upper Arbuckle Group Kindblade 

formation, and the right image examines the Bromide and Viola Limestone contact, both found 

along Hwy 77 (I 35 N) between mile markers 40 and 52.  These videos can be accessed and shared 

via social media sites or by email directly to the user for future reference.   

 

Figure 88.  Screen-captures of the Upper Arbuckle Group and Bromide/Viola Contact videos. 
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Figure 89.  Screen-captures of Turner Falls and Upper Arbuckle Turnout location. 

 Additional examples of interactive Arbuckle models can be seen in Figure 89, where the 

left image is detailing a model of Turner Falls and the right image is examining a model of the 

Upper Arbuckle Group, both also available to view in an untethered virtual reality format.  These 

models and provided background site information can be used to evaluate the geology of a field 
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stop while driving to the location, or post-field trip, to evaluate the researchers level of 

understanding for the variety of geologic features examined.  Alternatively, this app could be used 

in lieu of a field trip or geologic excursion, either due to bad weather or to provide a make-up 

exercise, or to provide accommodations to researchers that may be inhibited for examining the 

rock exposures up close.    

   

Figure 90. Screen-capture of site location 2, the Wichita Mountains, Oklahoma.   
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Figure 91. Screen-captures of the Coldsprings Breccia and Mt. Scott Diabase models.  

The second location within the VFG app examines the Wichita Mountains, Oklahoma, 

USA.  Figure 90 depicts screen captures of location site and model data information on the left 

image and the geologic history of the area in the right image.  Just like the other site location, this 

area has several interactive virtual models.  Figure 91 depicts screen captures of the Coldsprings 

Breccia, and the Mt. Scott Granite and diabase original interactive models.  These models are 
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viewed through SketchFab®, an online 3-D host, and will allow for some annotations to be made 

on the model.  Additionally, these interactive models can be used in conjunction with virtual 

headsets.  Figure 92 captures a video thumbnail available via YouTube® for these sites, and a 

screen-capture of a virtual interactive rock sample available to the researcher.  

  

Figure 92. YouTube® videos and virtual rock example for the Wichita Mountains.  
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Figure 93. Screen-captures of site location 3, and the Geology of Texas. 

The third location the VFG app examines the geology of Dallas/Ft. Worth Metroplex.  

Geologic background information and interactive geologic models provide the user with an 

examination of the past depositional environments of the Cretaceous period in North Central 

Texas.  Figure 93 depicts the information available for the DFW metroplex and a glance at the 
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summarized geological history of Texas.  Figure 94 provides two examples of models examining 

the Austin Chalk formation.  The left image is along a cut-bank exposure of the Austin Chalk on 

Rowlett Creek in Plano, Texas and the right image is the same formation exposed along a railroad 

cut. The Austin Chalk Formation model locations are evaluated to detail variations in depositional 

patterns and erosional features, in addition to structural interpretations.   

  

Figure 94. Screen-capture images of the Austin Chalk Formation interactive models.  
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 The DFW Geology location also contains an evaluation of the Woodbine Sandstone 

exposed along Grapevine lake and the Eagleford Shale/Austin Chalk contact near Cedar Valley, 

Figure 95.  Like the previous site locations, these models are available to view in augmented reality 

with an untethered virtual headset.  Additional site-specific information can be found via the other 

applications examined within this dissertation work, including the desktop software and website.  

  

Figure 95. Screen-capture images of the Woodbine Sandstone model and virtual rock sample. 
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 The fourth site examined within the VFG app focuses on the southern Nevada/California 

Border along a crush zone of exposed Cataclasite. Figure 96 captures screen images of the model 

available and the geologic history of this area. The picture on the right is a view of the Cataclasite 

model oriented along the horizontal plane.  This model is approximately 100 m long and can also 

be viewed using an augmented reality headset.   

  

Figure 96.  Screen-captures of the southern California/Nevada Cataclasite.    
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Figure 97.  Screen-captures of Dinosaur Provincial Park Model and site information. 

The last location available with the VFG app examines Dinosaur Provincial Park in 

southern Alberta, Canada.  This site location contains one virtual model of the Badlands examining 

paleo-depositional cross-sections, drainage patterns and rates of differential erosion and 

weathering, Figure 97. Overall, this site is an excellent example of Cretaceous age sediments 
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preserved in the deposits of ancient marshlands that once housed the dinosaurs before their mass 

extinction.  

 

Figure 98. Screen-capture of GeoPocket Tools available with the VFG app.  

The VFG app also contains additional features to provide tools to use both in the field and 

in the classroom.  Figure 98 illustrates the types of geotools available, including the about to 

determine georeferenced coordinates, a pocket scientific calculator, the ability to take voice notes 

or a video recording, examine the weather and make field notes.  Figure 99 details the pocket 
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scientific calculator and a screenshot of the available weather application, two indispensable tools 

to include within the field, that Appy Pie® includes within the app building process.  The only 

downsides to using these tools are the lack of a charged battery and an active cell phone signal. 

However, this should not be an issue if using the VFG app in the classroom. 

 

Figure 99. GeoPocket Calculator and Weather functions available within the VFG app.  

Overall this VFG app provides a simple, intuitive, interactive app that provides the user 

with virtual geologic models they can view on their cellphone or tablet device.  Appy Pie® made 

it intuitive to build an app that integrates virtual geologic models for use as an external education 
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feature.  However, the information and original models examined throughout the virtual site 

locations were developed by multiple parties, and contribution and credit are merited on their 

behalf. Figure 100 provides credits and contact information for documents, models, and 

photographs.  The design and implementation of the VFG app go to the author of this paper, but 

the field work and geology experiences were shared by many at The University of Texas, 

Department of Geosciences Cybermapping Lab. 

  

Figure 100.  Contributors page to VFG development and implementation. 
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4.4 Elearning® Course Shell incorporating Virtual Field Geology 

 Many community colleges and universities utilize virtual campus platforms to engage 

researchers with their coursework outside of the classroom setting.  These virtual campus 

platforms have allowed online college credit courses to be completed while not having to attend 

the physical campus, which opens a realm of new researcher enrollment potential.  Since virtual 

learning platforms, like eLearning by Blackboard®, are used to efficiently facilitate the simulated 

classroom environment, a virtual field geology course shell was developed at The University of 

Texas, Department of Geosciences Cybermapping Lab to incorporate digital geology into online 

geology classrooms.  The virtual geology course shell integrates all the various learning modules 

developed and implemented into the other virtual learning platforms discussed within this 

dissertation work.  However, this platform differs in that it provides the content used to pre-assess 

a researcher’s knowledge of a geologic region, allows the user to work through the available 

resources and virtual models, then assesses their post-knowledge of the same location.  This 

process of evaluating the learning objectives for observed geologic phenomena is examined further 

in chapter 5 of this dissertation work.    

 The layout for the eLearning® virtual field geology course shell opens to the homepage that 

provides the user with a welcome message and introduction folder that contains the course syllabus 

and ancillary software requirements, Figure 101.  The table of contents for this shell outlines the 

various virtual geology learning modules, with links to the pre- and post-assessments, the virtual 

geology assignment to research, assess multiple geologic locations and to read through all provided 

background information, Figure 102.  Additionally, two tabs examine what virtual field geology 

is and what a virtual field notebook should detail Figures 103 and 104.  Users can also watch the 
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UT Dallas 3D Geology video available on YouTube® that evaluates the tablet annotation approach 

to understanding and evaluating in-situ geological phenomena in real-time with co-analyses 

occurring in the laboratory.   

 

Figure 101.  Virtual field geology eLearning® course shell homepage.  
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Figure 102. Virtual Field Geology eLearning® course shell information.   

 To familiarize the user with the type of interactive virtual models available, they can click 

on the 3-D Virtual Models developed in the UTD Cybermapping Lab folder, Figures 103 and 104.  
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Examples include a virtual model of the rock cliff on the United States side, downstream of 

Niagara Falls, a model examining a Cataclasite crush zone in southern Nevada/California and 

others. These interactive models were built by the UTD Cybermapping Lab using Agisoft 

Photomodeler and Sirovision software, then uploaded to SketchFab to be able to generate an 

HTML embed code that can incorporate into the eLearning platform for viewing and interacting 

by the researcher.  After becoming accustomed to the types of virtual geologic model interactions 

in this virtual learning platform, the researcher is then able to move on two the first module that 

examines the Arbuckle Mountains in southern Oklahoma, USA, Figure 104.   

 

Figure 103. Examples of 3-D Virtual Models developed a the UTD Cybermapping Lab.  
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Figure 104.  Virtual Field Geology eLearning® course shell module 1 layout. 

 Within the Module 1 folder examining the Arbuckle Mountains, researchers are provided 

with several information folders containing the various geologic background information, Google 

Earth® files, original interactive virtual geologic models, virtual rock samples and a variety of 

pictures and videos of the site location, Figure 104.   Figure 105 illustrates one of the interactive 

virtual model locations available to researchers that examines a 165 m roadcut of the Collings 

Ranch Conglomerate and the Viola Limestone contact.  Users can view the entire length of the 

roadcut from the macro-scale down to the micro-scale of centimeter accuracy. After reviewing the 
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available information and interacting with the presented virtual models, researchers will then move 

on to this Module’s assignment, Figure 106.  The module 1 assignment details what the researcher 

should include within their virtual field notebook for these site locations.  However, before 

beginning any virtual field research, the researcher must complete a pre-knowledge assessment 

quiz, that is given completion credit, to get a base understanding of the user's prior site knowledge, 

then they will conduct their virtual field analyses, finishing the module by completing a post-

assessment survey, Figure 107.   

 

Figure 105. Module 1 example of embedded interactive virtual model within eLearning® course. 
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Figure 106.  Screen-capture of eLearning® course module 1 assignment.   

 

Figure 107. Screen-capture of a pre-assessment survey of Module 1, The Arbuckle Mountains. 
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 The second learning module within the eLearning® virtual geology course shell explores 

the Wichita Mountains in southern Oklahoma, USA.  The second module focuses on igneous rocks 

and evaluates variations in chemical compositions, cross-cutting relationships, and differential 

weathering rates. The same types of data for module 2 as they were in module 1, but the learning 

objectives and module assignments differ between site locations, Figure 108.  This module only 

contains two virtual models to evaluate and interact with, both seen in Figure 109 and 110.  

Additionally, this module includes both pre- and post-assessment surveys that assess prior and post 

know for these site locations.   

 

Figure 108. Screen-capture of eLearning® course Module 2 assignment. 
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Figure 109. eLearning® module 2 interactive model of the Mt. Scott Granite and Diabase. 

 

Figure 110. eLearning® module 2 interactive model of the Coldsprings Breccia. 
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 The last module of the eLearning® virtual geology course shell examines the geology of 

North Central Texas.  Again, like the previous two eLearning® modules, a variety of background 

documents, pictures, interactive models, virtual rock samples and georeferenced Google Earth® 

files are provided to the researcher.  Figure 111 highlights one of the original embedded interactive 

model of the Woodbine Sandstone formation at Grapevine Lake, Texas, that is available to the 

researcher.  Just like with the other site locations, users will put together a virtual field notebook 

examining the various places examined within this module.  After each module has been 

completed, researchers will compile all three modules into a final project to submit for credit 

through the eLearning® virtual learning site.  Figure 112 highlights what the researcher should 

include within this final project.   

 

Figure 111.  eLearning® module 3 interactive model of the Woodbine Sandstone. 
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Figure 112.  Outline of the Virtual Field Geology notebook. 
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4.5 Incorporating virtual web applications into geoscience education and research 

 Many authors have noted the possibilities for incorporating virtual geologic outcrops into 

geoscientific research (Abellan et al. 2014, Bistacchi et al. 2015, Hodgetts 2013, Lebel et al. 2001, 

Langridge et al. 2014, Matasci 2015, McCaffrey et al. 2008, Minisini et al. 2014, Saini-Eidukat et 

al. 2002, Tavani et al. 2011, Tavani et al. 2016, Xu et al. 2001).  However, only a few have 

attempted to implement these applications in their classrooms or laboratories (Urbanski et al. 

2016).  Maybe this is due to a minimal number of studies examining the impacts of using these 

applications, or determined how they could be applied to virtual learning environments and the 

traditional classroom or field settings.  The possibilities are truly limitless regarding the academic 

disciplines or training opportunities virtual learning environments can provide academia and 

industries.  For example, within the geosciences, virtual geologic models have been applied to 

analyzing rock fractures, evaluating depositional environments, reservoir characterizations, 

geoscientific mapping, structural analyses, slope stability and many uses for the petroleum industry 

(Abellan et al. 2014, Bistacchi et al. 2015, Hodgetts 2013, Lebel et al. 2001, Langridge et al. 2014, 

Matasci 2015, McCaffrey et al. 2008, Minisini et al. 2014, Tavani et al. 2016, Xu et al. 2001). 

The ability to acquire and analyze field data remotely is the foundation of the earth sciences 

and virtual learning environments. Geoscientists have traditionally collected information by 

analog methods, but the transition to a digital-analog environment is increasing in the research and 

educational community. The growth in digital geology arises from the need to present geoscience 

information in a geospatially referenced frame for use in geoscience education, research and virtual 

archiving.  Geoscientists of the future will research field data in a digital environment, possibly in 

complete virtual emersion, with the ability to view geological phenomena around the world.   
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CHAPTER 5 

INTERFACE DEMONSTRATION AS A DIGITAL ANALOG COURSE 

5.1 Overview 

 To demonstrate the need and effectiveness of virtual geologic environments, a pilot study 

was conducted at The University of Texas at Dallas, within the Department of Geosciences 

Cybermapping Lab.  This study was to develop a virtual geologic field course to accommodate an 

undergraduate researcher that was unable to participate in their senior-level geologic field studies 

class due to health restrictions. A web-based virtual geologic environment was designed to act as 

an analog course providing comparable data and geologic site locations, similar to the traditional 

field geology course.   The following information details the efforts and hurdles this pilot study 

had during the provisional semester-long virtual field geology course.  

5.2 Pilot case study:  VFG digital analog course for undergraduates 

 A pilot case study course using the Virtual Field Geology (VFG) digital analog was 

conducted at The University of Texas at Dallas during the Fall of 2016 to provide field-site 

accommodations for a student that was not permitted to perform their geoscientific research within 

the field.  This case study was a perfect opportunity to apply the three-dimensional geologic models 

The University of Texas at Dallas, Department of Geosciences Cybermapping Lab has been 

building and developing through graduate courses offered each semester.  The course was designed 

as part of dissertation research to examine the efficacy of virtual learning environments in 

geoscience education and research in undergraduate advanced field geology coursework. 
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Additionally, this course was developed to provide student field-site accommodations as per the 

Americans with Disabilities Act of 1990 (42 U.S.C. § 12101).   

 The content of this virtual field course focused on the geology of southern Oklahoma, 

within the Arbuckle and Wichita Mountains.  The undergraduate virtual field geologist was given 

access to the Foliotek® web-based virtual field course examined in Chapter 4 and was additionally 

provided physical hand-samples of various rocks from some of the virtual field sites.  Virtual field 

trips were taken by the researcher to examine a regional geologic perspective, then focus on 

individual sites were reviewed through interactive and annotatable three-dimensional models.  The 

course was evaluated and graded through pre- and post-course assessments, and the compilation 

of a virtual field notebook, similar to a traditional field notebook but also includes the virtual 

annotated models. The virtual field notebook has several requirements, including the following: 

• Annotated photographs and models of site locations, including the detailed 

stratigraphy and sedimentology. 

• Geoscientific maps of cross-sectional profiles and regional surficial geology, 

with associated strike and dip, labeled formations and units, with a north arrow, 

scale bar, and legend.   

• Observed and descriptions of depositional environments based on the provide 

data and information.  

• Interpretations and summations of the regional geologic history, including 

significant events, dominant life. 

• Interpretations and summarizations of the site-specific formations examined in 

each virtual model, including the depositional history, significant events, and 

any fossils found.  
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• Supplementary fossil identification exercises are also provided, pending the 

researcher can receive a rock sample or collect an approved sample from their 

instructor.   

• An investigation of the geomorphology of the study region. 

• Evaluation of stream evolution and discharge calculations.  

 The following information details the results of the virtual field notebook of this pilot case-

study VFG online course. Figure 113 illustrates an example of the researcher two-dimensional 

field notebook observations of the Kindblade formation exposed along Hwy 77 (I 35 N) near mile 

marker 42.  Figure 114 captures a page out of the researcher field notebook detailing the 

observations made using the virtual geologic model of the site location.  Figure 115 is a screenshot 

of the same formation with the researcher observations annotated directly onto the model.  

Structures were identified and fault features recognized within this segment of the virtual field site, 

and a brief summarization of the location’s geologic history was included in their virtual field 

notebook.  

 

Figure 113.  User example 2-D field site cross-sectional profile of Kindblade formation. 
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Figure 114. Researcher virtual field notebook notes for the Upper Arbuckle Group. 

 

Figure 115.  User example 3-D annotated model of the Kindblade formation. 
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 The second location included in the pilot study virtual field environment was along the 

upper Arbuckle Group hinge zone exposed along Hwy 77 (I 35 N) near mile marker 47.  Figure 

116 depicts the researcher annotated photographs of this site location, and the observed faulting 

and relative dating principles.  Figure 117 illustrates the three-dimensional model of the same site 

location but details the structural annotations of a box-fold on the virtual model.  

 

Figure 116.  Researcher annotated photograph of the Upper Arbuckle Group.  

 

Figure 117.  Researcher annotated 3-D model of the Upper Arbuckle Group box fold.  
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Figure 118. Researcher hand-drawn regional surficial geology using VFG models and data. 

 

Figure 119. Researcher hand-drawn regional cross-section using VFG models and data. 
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To make this virtual learning experience as analogous as possible to the traditional field 

geology experience, researchers will create detailed geoscientific maps, detailed stratigraphic 

columns and cross-sectional profiles of each site location, in addition to their location summaries, 

annotated photographs, and digital models.  Figures 118, 119 and 120 show the results of applying 

traditional geologic field research using a virtual learning environment.  For example, a virtual 

hydrology exercise examining stream discharge can be conducted using Google Earth® and 

provided stream variables, such as flow velocity rates and stream depth/width measurements.  

Figures 121 and 121 detail the researcher observations of the Red River over time using Google 

Earth® historical imagery.  The temporal variations in fluvial deposition and erosion are noted 

within both the research field notebook and their annotated aerial imagery.  Lastly, Figures 122, 

123 and 124 illustrate the results of the researcher's virtual field observations detailed in their field 

notebook examining the Simpson Group fossils in the Arbuckle Mountains. Combining the 

traditional two-dimensional geoscientific mapping exercises with the interaction of virtual 

geologic models allowed the researcher to get a digital analogous experience for their field course. 

Overall, this case-study provides a single example of geoscientific observations and 

analyses conducted via a virtual geology field environment.  It required the researcher to produce 

the same geoscientific maps and cross-sections that they would build in the traditional field 

environment, but instead create maps from virtual outcrop models.  The researcher evaluated noted 

the efficacy of this approach to virtual learning and stated they enjoyed the process but also 

indicated that it required additional computer knowledge and a bit of a learning curve since they 

had no prior experience using virtual environments.  However, despite this limitation, the 

researcher could demonstrate a firm understanding of the geology of the Arbuckle Mountains and 
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part of the Wichita Mountains, in southern Oklahoma, USA.  Future researcher assessments of 

virtual field geology environments should be collected, and any comments, suggestions or proctor 

observations should be incorporated into the virtual learning modules.   

 

Figure 120.  Researcher hand-drawn profile using the VFG web-based models and data. 
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Figure 121. Researcher virtual field notebook notes for Red River virtual field stop. 

 

Figure 122. Researcher observations of fluvial patterns along the Red River.  
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Figure 123.  Researcher virtual field notebook Simpson Group fossil observations. 

 

Figure 124. Researcher virtual field notebook Upper Arbuckle-Kindblade formation notes. 
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5.3 Assessment of user learning outcomes 

 To be able to assess a user’s understanding of a learning objective, for the virtual field 

geology, VFG, desktop and web-based applications, users compile a virtual field notebook 

documenting their geological observations and interpretations of the locations examined to submit 

for evaluation.  Within this virtual field notebook, the user will construct geoscientific maps, 

including topographic maps, surficial geological maps, regional and local cross-sectional maps 

with stratigraphic profiles.  All the traditional geologic field camp mapping activities are included 

in the virtual field notebook, such as scaled stratigraphic mapping and geologic unit’s 

identification.  Within the virtual field notebook, users will comprise a detailed summary of the 

study area’s geologic history and include depositional background, exposed stratigraphy, and 

geomorphology.  Their virtual field notebook would also include rock and fossil identification, 

using both photographs and virtual rock samples, where researchers detail how the rocks formed 

through examining paleo-deposition environments.  Where this is used as an analog course for 

researchers not permitted to do field research due to a disability, actual rock samples can be 

provided to the user to have a hands-on approach to evaluate the various acquired site samples.   

 The difficult task is how to assess a researcher’s learning outcomes through virtual field 

geology (Reynolds 2004).  The pilot case-study conducted and evaluated with this dissertation 

research provided the user with a pre- and post- assessment quiz for each site location examined.  

Figures 125, 126 and 127 illustrate the responses to pre- and post-assessment work completed by 

the virtual field geologist in this case study.  As you can see, between each of these figures, pre-

knowledge of the virtual field site was minimal, but after the researcher completed their virtual 

field geology course and completed the post-assessment, the pilot study presented that the user 
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developed a firm understanding of the regional and local geology of the virtual field site, and 

gained a lot of insight from the virtual learning process. Additionally, the researcher was also 

provided with a course evaluation for the virtual field course experience to assess their knowledge 

in this pilot study.  

 
Figure 125. VFG Pre-course assessment researcher example. 

Overall, course evaluation reviews were constructive and encouraging. However, the 

researcher did discuss how this required additional computer skills and, in that respect, was 
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challenging, but overall felt the course had merit in being analogous to a traditional field geology 

course.  Student perceptions often differ regarding virtual field trips (Spicer 2001).  However, with 

additional studies, the value of this dissertation’s approach to virtual learning can continue to be 

improved and incorporate a holistic approach to remote geoscientific research and education.  

 
Figure 126. VFG Post-course assessment researcher example. 
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Figure 127. VFG Post-course assessment researcher example continued. 
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CHAPTER 6 

  VALUE ADDED GEOSCIENCE RESEARCH AND ANALYSES 

6.1 Overview  

The importance of utilizing virtual geologic field environments for education and research has 

not been adequately assessed within academia but has been increasingly used in research 

curriculum as the costs of equipment and ease-of-use continue to improve.  Measuring such value-

added approaches are often tricky due to no-level of comparison baselines have been made, but 

utilizing virtual environments in addition to applying pre- and post-knowledge surveys can lead to 

better assessments of learning outcome objectives.  It is the author’s opinion that the value of 

virtual geologic environments within an undergraduate and graduate classroom, provides the 

researchers with additional tools to merit the full understanding and interpretation of geologic 

phenomena. Researchers can assess their knowledge by completing and evaluating their prior and 

post experience of a specific geologic site, and these value-added assessments can be used to 

determine the efficacy of adding virtual geologic models into the curriculum.  

Additionally, the value that this dissertation work provides to online education, training and 

research open the possibilities for enhancing critical thinking through virtual learning.  Digital 

geologic models add value by allowing non-contact, high-resolution three-dimensional models 

used for identification of geologic phenomena through observations made interacting with the 

models. Geometric data can be taken from the models and interpolated.  Furthermore, the value is 

most significant to the researcher that require accommodations for disabilities allowing everyone 

to complete geoscientific research.   
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6.2 Value of this research in geoscience education and research 

The contributions and importance of this research and the developed virtual field geology 

applications can provide the user with a variety of educational benefits and successful learning 

outcomes.  For example, these virtual applications are excellent tools to take virtual field trips, 

offer pre- and post-fieldwork evaluations, and provides an alternative to a traditional geologic field 

camp course, an option for the non-traditional researchers or researchers with disabilities.  

Additionally, these applications are an excellent option when the weather is not on your side, an 

option for community college program, and a great additional resource for traditional field camp 

courses.  Overall, the value added with the virtual field geology applications by providing 

researchers with a general interactive virtual field trip – an excellent tool for online classes and a 

method of cost savings and benefits merited to the traditional classroom environment. 

Additionally, interactive virtual rock specimens and outcrops offer a partial solution to 

accessibility accommodations for disabled and non-traditional researchers and provide digital hand 

samples (De Paor 2016). 
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CHAPTER 7 

CONCLUSIONS AND DISCUSSION 

7.1 Conclusion summary 

The dissertation research has demonstrated the use and practicality of virtual learning 

environments as an analog field course or supplemental research tool.  Overall, it proves that strong 

possibilities are available when incorporating augmented geoscience education and research at the 

university level. This ability to examine parts of the Earth remotely, free of field-time limitations 

such as daylight, and the logistics of the field course, allows the user to gain a holistic 

understanding of the observed geologic phenomena.  While all the tools are there to create these 

virtual environments, modern analog varieties focus on using only one or two forms of remote 

data, like photographs or using Google Earth®.  This research demonstrated a variety of simple, 

intuitive-based approaches to utilize an amalgamation of primitive data to facilitate an analog 

geologic environment that can apply to all research levels.   

 Instructors may resist incorporating new technology, like three-dimensional photorealistic 

virtual models, citing these are not sufficient analogs in comparison to actual in-situ learning 

environments, and while the author agrees, accommodation and funding must be taken into 

consideration to provide the most holistic approach to studying geologic phenomena for all 

geoscientists.  While computer-generated virtual rock samples and digital outcrop models cannot 

entirely replace an actual rock outcrop for geological research, they provide the ability to 

significantly enhance online earth and environmental research and open-up learning and research 

opportunities.  Possibilities include extending the range to which both on-campus and online 

researchers are exposed to virtual rock samples and associated formation models to create a 
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holistic, enhanced approach to learning, in addition to opening the possibility for researchers with 

disabilities preventing them from field work the option to attain a degree within the geosciences. 

This research has demonstrated a modest workflow that employs a variety technology across a 

range of applications and a sample range of field-sites that can accommodate and enhance 

researcher learning objectives and outcomes for field geology observations and interpretations.  

Additionally, it provides a valuable tool to boost online learning.  

 Online education is becoming a very competitive market, and instructors strive to provide 

on-campus environments to the online classroom through many facets.  To allow for an analogous 

experience for both classroom types, online classes need to complete the field experience through 

virtual models.  On-campus courses would also benefit and allow for an additional pedagogical 

approach to enhance researcher learning objectives and outcomes.  Additionally, citizen-scientists 

could profit from a virtual platform like the web application to create, upload and contribute to a 

virtual model archive for use as a repository for geoscientific areas of interest (Whitmeyer and De 

Paor, 2014).  Researchers and community members can contribute to the virtual preservation of 

site locations or areas at risk of destruction.  Instructors could even develop exercises that require 

researchers to use their smartphone or tablet device to take photos or build virtual models that are 

published within the virtual repository, something that will allow a virtual catalog to grow and 

provide the researcher with a plus on their curriculum vitae.  For academia, virtual rock models 

and specimens can be used for peer-reviewed publications that allow the scientific community to 

scrutinize their conclusions or findings.   

 While this research showed the effectiveness and benefits of using virtual geology in 

education and research, virtual rock sample and models still have a way to go to fully integrate an 
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augmented reality environment that mimics an actual geoscientific area of interest.  Limitations 

discussed include occlusions, like vegetation or passing cars, that lead to holes or smearing in the 

final model, but assumingly, the right software, computing power, and adequate photograph 

overlaps will take care of these issues.  Outside of computing limitations, weather conditions need 

to be on your side, or shadows will darken the final models and hindering model viewing abilities.  

Additionally, a reliable and fast internet connection is required to view and interact with all the 

developed virtual platforms within this dissertation work.   

 Further limitations of this dissertation work include the ability to interact further with 

model data, for example, through proprietary external software applications. It was a top priority 

of this research to develop similar virtual learning environments at zero cost to the researcher.  

This no-cost approach to virtual research limits the user to simple freeware external applications 

that do not contain the high-end features that external proprietary software can provide regarding 

sophisticated analyses.  However, this research has demonstrated that using relatively simple 

approaches, like three-point plus triangulations with use of surficial and street view imagery in 

Google Earth® or Arc Earth®, can infer with high accuracy, the same analytical results as 

proprietary approaches, just with more time and focus required on the behalf of the researcher.  As 

technology continues to grow, and more software developed, costs for high-end analyses will 

decrease or become free to the user, providing an avenue for continued investment into developing 

comparable research environments at no cost to the researcher.    

7.2 Discussion 

 Though the digital geology technology has been around for a few decades, the ability to 

create higher quality models for minimal costs, respectively, has allowed for all disciplines to 



 

142 

enhance learning experiences and evaluate research objectives remotely through using digital 

media in the research environment.  Unfortunately, this often relies on the assistance of computer 

scientists to incorporate new technologies in the classroom.  This dissertation research shows how 

a professor can build and integrate digital learning into their classroom, either on campus or online, 

to enhance the erudition and research environment using new pedagogical approaches, like digital 

geology and virtual learning environments. 

 Benefits to academia, researchers, and the peer-review process are enhanced when virtual 

learning environments are used to evaluate remote locations.  This research work only applied 

these research platforms to the geosciences, but all academic disciplines would benefit from using 

a similar approach customized to the field of research.  As online education becomes increasingly 

desirable by students, this approach would enhance the virtual classroom and allow for an 

analogous experience to traditional classroom settings.  Additionally, the original work completed 

in this dissertation provides an analog experience that accommodates researchers with disabilities 

preventing them from conducting in-situ field research.  

7.3 Future work 

 The variety of online digital learning platforms and desktop software built and 

demonstrated within this dissertation research will be a continuous project, even post-doctoral 

research.  This doctoral work detailed an intuitive, modest, prototype virtual learning environment 

that showed its efficient use as an analog course for an undergraduate, senior-level, field geology 

course.  The interfaces developed in this research will update as each new model, or site location 

is introduced and customized for both majors and nonmajors coursework (this course focused on 

majors-level coursework).  However, as technology continues to grow and additional skills sets 
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are needed, an amalgamated approach consisting of educators, various developers, and online 

researchers would benefit from the production-to-deployment levels.  The most noticeable hiccup 

in this supply chain would probably be the educators, especially since many may dread integrating 

new technology into their classroom environments.  

 Future work for this researcher will include continued development and improvement of 

the virtual field geology environment to enhance geoscientific research.  Additionally, updates to 

these detailed virtual learning environments will continue as new geologic models are built, and 

modules developed.  Furthermore, this researcher is preparing to present these approaches to 

geoscientific research within peer-reviewed journals, and invite earth scientists to collaborate on 

future work possibilities.  Moreover, this researcher plans to implement all the platforms built 

within this dissertation work in both online and traditional geoscience course taught to the college 

level researcher.  Virtual learning formats and digital analogy environments from this dissertation 

work can be provided to geoscience researchers by contacting the author or The University of 

Texas at Dallas Department of Geosciences.    
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