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Executive Summary 
 
This study investigated evidence of interaction between pre-Columbian America and the Middle East 
to ascertain whether the Mayans could have been influenced by, assimilated with, or partially 
descended from the nations written about by Mormon. 
 
The Book of Mormon (1830) claims to be an ancient record of a people who left Jerusalem about 600 
B.C. and travelled by boat to America. In the New World, they practiced temple worship after the 
Temple of Solomon for approximately 1000 years before being conquered.  Assuming the claim is 
correct, the archaeological record of Mesoamerican temple(s) and practices would theoretically show 
influence from Jerusalem temple worship. Although researchers have identified potential “Mormon” 
influences at Izapa, Mexico, weathering and vandalism have largely erased the details carved into its 
stone monuments. This pilot study funded by the Lord Rootes Memorial Fund used advanced 3D 
imaging (Reflectance Transformation Imaging and conventional photogrammetry) to shed light on the 
bas reliefs and explore the implications of their content with the support of archaeologist V. Garth 
Norman. 
 
The advanced imaging techniques employed revealed carved details in the stone monuments 
(especially Stela 5) despite their condition, and now serve as a record of their state in 2012. These 
images provide a way of illustrating detail which is less subjective than artistic renderings. They 
sustain, clarify and further document the content carved into the monuments at Izapa as published by 
archaeologists Matthew J. Stirling, M. Wells Jakeman, V. Garth Norman and others. The 
substantiated design, measurement and content of the bas reliefs give ample evidence of Middle 
Eastern influence making a connection between the early Maya and the Book of Mormon plausible. 
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1 Introduction 
The indigenous origin of people native to the Americas has been the subject of wide debate. At the 
heart of the dispute is whether trans-oceanic migration was possible before Columbus or whether all 
migration prior to 1492 was limited to land travel (such as via an ice bridge across the Bering Strait). 
 
One of the most detailed ancient accounts of trans-oceanic voyages to America is contained in The 
Book of Mormon; however, it is often discounted by scholars because after it was unearthed in 
upstate New York, USA, in 1827, Joseph Smith, Jr. claimed divine help in translating the book which 
was published in 1830 (Norman, 2003, 2012a). 
 
Izapa (Mexico) has been identified as the pre-classic Mayan “Mecca” for religious activity from 500 
B.C. to 100 A.D. (Norman, 2012b:25), and some researchers have identified potential “Mormon” 
influences there (Jakeman, 1953, 1958, Norman, 1985, 2008, 2012a). Unfortunately much of the 
detail carved on the stone monuments at Izapa has been damaged and erased by weathering, 
leaving scholars with limited material for further evaluation resulting in debate over any evidence of 
interaction with the Middle East or the people written about by Mormon (Brewer, 1999). 
 
This research was undertaken in cooperation with archaeologist V. Garth Norman who has been 
researching Izapa for half a century. With his support, access to Izapa was facilitated for advanced 
imaging and measurement to try and elucidate detail in the deteriorated carvings. The method and 
findings of this pilot study together with the implications of what was found are reported herein. 
 
1.1 The Book of Mormon and Trans-oceanic Migration 
 
 
The Book of Mormon was named after its principle author Mormon, who was an American prophet-
historian. He asserts that his progenitors left from Jerusalem in 600 B.C. just prior to the destruction of 
the Temple of Solomon. The record tells that they built a ship and sailed from the Arabian Peninsula 
to the Americas (Figure 1 left). In the New World they divided into two nations. One nation kept the 
Law of Moses and built a temple which “was like unto the temple of Solomon” (Figure 1 middle) 
(Mormon, 1988:2 Nephi 5:16). Eventually they embraced an early form of Christianity and worshiped 
until 421 A.D., when they were conquered by the other nation which had discontinued Judeo-Christian 
practices and appears to have assimilated with the native culture. The conquering nation has been 
considered by some to be among the ancestors of the American Indians (Mormon, 1988:Introduction). 
 

 
Figure 1 – Painting of a trans-oceanic voyage to America by Arnold Friberg (left); Temple of Solomon (upper right) 
(Pratt et al., 2008); Painting of people worshiping Christ at a temple in America by John Scott (lower right) 
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Assuming Mormon’s record is correct, the existence of these nations correlate to pre-classic and early 
classic Mayan times (Norman, 2008). Therefore, the archaeological record of their New World 
temple(s) and worship practices would theoretically show elements in common with Jerusalem temple 
practices and evidence of influence from the Middle East. The presence or absence of these 
similarities is one way to vet the claim of a millennia of temple worship. This evidence will serve to 
strengthen or diminish the body of evidence that early Mayans were influenced partially or primarily 
from at least one of the nations of which Mormon writes. 
 
 

1.2 The Izapa temple complex, Mecca of Mesoamerica 
Izapa, Mexico was the Mayan “Mecca” for religious activity from 500 B.C. to 100 A.D. (Figure 2) which 
corresponds to Book of Mormon times and location (Sorenson, 1985, Norman, 2008). Furthermore, 
various researchers have identified potential Middle Eastern and/or “Mormon” influences there 
(Jakeman, 1953, 1958, Norman, 1976, 2008, 2012b). Contrary to virtually all archaeological sites of 
the same period and vicinity (i.e. Kaminaljuyu), Izapa was never destroyed or substantially built over. 
Furthermore, nearly all of its 140+ carved stone monuments have been found in their original 
placements. For these reasons, “Izapa is unsurpassed in what it can teach us” about formative Mayan 
times and culture according to Norman (2012c). 
 

 
Figure 2 – Satellite image showing location of Izapa, Mexico (left); Model of Izapa temple complex (right) 

Unfortunately, scholarship on Izapa has been impeded by limited access and the deteriorating 
condition of the monuments due to insufficient protection from the elements and vandalism. Norman 
has personally witnessed the decline since he produced and published the official drawings of the 
stelae for the New World Archaeological Foundation excavations at Izapa (Norman, 1973, 1976). 
Since their excavation, the shallow relief carvings at Izapa deteriorate a little more each season, 
gradually erasing this precious record. 
 
1.3 Digital preservation 
Although more needs to be done to halt the deterioration, the poor condition and faint carvings pose a 
dilemma for researchers who strive to decipher their meanings. Indeed, justifying their importance is a 
prerequisite for attracting the investment needed to ensure their preservation. 
 
In the short term, digital capture and preservation methods may now be the only way to discover 
carved relief originally apparent in the stonework which are now virtually undecipherable. Digitisation 
of these monuments would also facilitate off-site virtual access and scholarship preserving them for 
future research and heritage before they deteriorate any further. 
 
To date, 3D laser scanning has not been allowed at Izapa. Since photography is permitted, camera 
based 3D capture techniques called photogrammetry were undertaken at Izapa. 
 
 
 

Mexico 

Izapa 
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1.4 Aims and objectives 
This study aimed to improve our understanding of ancient American and Middle Eastern interaction 
and, specifically, to examine/validate possible evidence to answer if early Mayans were influenced by, 
assimilated with, or even descended from the nations written about by Mormon. 
 
Objectives: 

• Demonstrate multiple digital preservation techniques for at least one of the carved stelae 
(preferably Stela 5) as a pilot study to pave the way for all of the significant carvings to be 
digitized in the future 

• Examine and document any evidence of transoceanic contacts and temple worship at Izapa, 
Mexico 

• Identify potential similarities with temple worship in Jerusalem and the Middle East generally 
• Draw conclusions about whether: 

o Elements of Middle Eastern temple worship are evident in Mesoamerica 
o Whether such evidence (if any) plausibly could have been transmitted by Mormons to 

pre-classic Mayan culture 
 
1.5 Structure of the report 
This report is divided into three parts focusing on the: 
 

1) research journey and personal development derived therefrom - 
This is included in response to the emphasis in the report guidelines on highlighting 
personal development gained through overcoming challenges.  
 

2) conditions at Izapa and the digital imaging techniques for virtual preservation - 
This focuses on clarifying the content of the shallow relief carvings, in spite of their 
conditions.  
 

3) evidence of Middle Eastern and Mormon influences - 
This part discusses the interpretation and implications of the carved details clarified in 
part two. 

 
Further explanation of the photographic techniques with images and an accounting statement are 
included in the appendices. 
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Part One – Sketch of the Journey 
As encouraged by the guidelines for this report, this section overviews the research collection travels 
and the developmental journey supported by this award. 
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2 Overview of inception through completion 
Since one of the primary objectives of the Lord Rootes Memorial Fund is to promote personal 
development, this chapter provides an overview of my preparations and travels highlighting personal 
development through overcoming challenges as they arose. 
 
 
2.1 Impetus and initiation of this research 
Exploring possibilities 
This funding opportunity was originally brought to my attention by my PhD supervisor, Dr. Greg J. 
Gibbons, who encouraged me to apply for funding in order to be able to attend a conference. After 
attending a briefing explaining the purpose of Lord Rootes Memorial Fund, it became apparent that 
conference attendance was not an appropriate activity for this fund (I arranged to fund it another way). 
Even though it was not helpful for the conference, I kept thinking about the possibilities that it could 
open up, bearing in mind that it needed to provide personal development in an area completely 
unrequired for my PhD research. 
 
In particular, I thought about a potential opportunity to learn more about the archaeology of Central 
America. Archaeologist V. Garth Norman and I met in Jerusalem in early 2008 through my on-going 
service as co-chairman of the Jerusalem Temple and Gethsemane project. While he and I 
collaborated on some research conducted in Jerusalem (Pratt et al., 2008) I learned about his lifelong 
research at Izapa, Mexico. When he learned of my technical skills, he asked me if 3D scanning had 
the potential to reveal low relief details which had largely been erased by weathering. At that time, I 
was not satisfied that the laser-based 3D scanning techniques I used would work. While 
contemplating submitting an application I did some preliminary research on recent improvements to 
3D capture techniques. After some encouragement from my wife, I made contact with Norman 
explaining the potential of a new method of scanning using digital photography. If my application was 
accepted I asked if I might accompany him on an upcoming research visit to Izapa to see the temple 
complex and stelae there and test this new technique, to which he graciously agreed. 
 
Applying and Interviewing 
The challenges for this research began even before I was granted the award because I was unwell 
the day leading up to my scheduled interview with the selection committee in February 2012. The 
morning of my interview I was scarcely able to get out of bed and drive to the university to present my 
research proposal. Reflecting on that experience, I do not know if the selection committee could tell I 
had not been well for several days, but I remember physically fighting how I was feeling in order to 
focus on the interview. In particular, I remember that there was a sense of nervousness about the 
potential Mormon connection of the proposed research. The question was raised why I didn't focus on 
the need for preservation at this site rather than any connection with the Mormons. Although the 
preservation aspects alone have great merit, my interest was to explore the validity of claims which I 
had heard, but did not know enough about in order to form an educated opinion. Furthermore, the 
potential Mormon connection was not intended to be used disrespectfully. After all, if a contender for 
the highest grossing Broadway musical of 2012 can use the title, "The Book of Mormon," in spite of 
the exaggerations and misdirection it entails, why should research investigating a fundamental claim 
of the book attract undue criticism? 
 
 
2.2 Pre-travel preparations 
Travel Arrangements 
When estimating costs on my the application, I noted that the proposed timeframe for the research 
travels was subject to the availability of archaeologist V Garth Norman, never anticipating that I would 
be traveling during the Summer Olympics. After the award was granted, I learned that I was invited to 
accompany archaeologist Norman on a visit to Izapa to observe the sacred Zenith sunrise, the most 
sacred day in the Mayan calendar, on… 13 August 2012. Despite the impact this would have on flight 
costs, I was determined not to let this stop the research. Anxious to find the best deal on flights that I 
could, I booked my flight in advance for the cheapest and least flexible fare that I could find (which 
was still approximately double what I had budgeted for). Norman's responsibilities obliged him to 
rearrange his travel at short notice to be at Izapa on the summer solstice in June. When we spoke 
about the possibility for me to pull my travel plans forward to match his, I was not able to because I 
had already bought my flights. It looked unlikely that he would be able to justify a return trip to Izapa 
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less than two months later. I began exploring ways to go on my own, trying to coax my brother or 
father to accompany me to avoid the risks of traveling alone in Central America. In the meantime, 
Garth was invited to present his lifelong research at the National Museum of Anthropology in Mexico 
City which made a trip in August justifiable. Accompanying him to Mexico was infinitely more useful 
and productive than without him. Additionally, he was offered a discount at the hotel where we stayed 
near Izapa, which he kindly shared with me, enabling me to make up some of the shortfall in the 
budget due to expensive flights. 
 
Camera equipment 
Although there was good will to loan me the photogrammetry kit I required from a local university, as 
my itinerary grew longer it became problematic. After exploring some other options, I decided that the 
only way to proceed with this research was to purchase the minimum required equipment personally. 
 
 
2.3 Travels and research 
Concerns regarding the robustness of the selected photogrammetry techniques 
One of the primary concerns with the photogrammetry techniques selected was whether or not they 
would be viable in a field archaeology study or if they would require the control of a museum setting. 
In order to validate the capture techniques in a more controlled environment, it was decided to test 
them on monuments in museum collections first. I was able to have a layover in Dallas, Texas, which 
enabled me to visit the Dallas Museum of Art which has some Mayan sculpture in its permanent 
collection and was also hosting a special exhibition, which I attended, called, “The Legacy of the 
Plumed Serpent in Ancient Mexico.” I was able to take photographs for photogrammetry on two low 
relief sculptures in the museum. Additionally, I visited the Mexic-Arte Museum and the University of 
Texas, both in Austin. Outside one of the university buildings is a replica of a large carved head 
(Monument 1 from San Lorenzo, Veracruz, Mexico), which I was able to capture at leisure, which 
helped me refine my capture technique for outdoors in preparation for fieldwork in Central America. 
 
Guatemala 
I met V. Garth and Cheryl (his wife) Norman at the airport in Guatemala City. There we were able to 
visit the ancient site of Kaminaljuyu, where the same cultural influence is evident as at Izapa (Figure 
3). Contrary to Izapa, continual inhabitation has covered over the majority of the archaeology. 
According to Norman, there was clearly an alliance between these two sites (Norman, 2012b:4) and a 
migration to Izapa as its importance rose around 500 B.C.  
 

 
Figure 3 – Izapan style base panel on Stela 26, Kaminaljuyu, Guatemala City (left); Lake Atitlan (right) 

We then made the breath taking drive through the Guatemalan highlands, stopping briefly at Lake 
Atitlan (Figure 3) where underwater excavations have found a city which may have been 
contemporary with Izapa and Kaminaljuyu but sunk into the lake. 
 
Crossing the border from Guatemala into Mexico was challenging for two reasons. First, there was 
flooding in the streets due to a tropical storm (Figure 4 left). We drove through many flooded streets 
and negotiated multiple situations where standing water and rain imposed added challenges (Figure 4 
right). Second, the Normans passports had not been stamped the last time they left Guatemala and 
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so border control wanted to charge them 5,000 Quetzals each. After some lengthy discussions, they 
were permitted to exit Guatemala without having to pay the fine. 
 

 
Figure 4 – Driving through flooded streets near Guatemala-Mexico border (left); Author in rain, Izapa Group F (right) 

Advanced Imaging at Izapa 
These paragraphs give the background to the technical work described in § 4.1. The morning that we 
had planned our first trial using advanced imaging (Reflectance Transformation Imaging) we found 
out that there were permit issues. Although a permit had been requested and granted, it did not 
explicitly allow the use of professional lighting. We went forward with our plan, hoping for the best. On 
the car ride from our hotel to Izapa I read the user manual on how to trigger my external flash 
remotely in case we were not able to use professional lighting. Upon arrival at Izapa, the caretaker 
was unavailable and the person left in charge was not able to allow us to enter with professional 
lighting. We were allowed to enter on foot which was the first time I saw Stela 5.  
 
As we stood in front of Stela 5 and discussed what to do, I realized that all of my preparations were 
hanging in the balance. I knew that I had not travelled 5,000 miles to miss my opportunity to 
photograph Stela 5 so we decided to try it using my handheld external flash (which I had triggered for 
the first time in the car ride). We worked quickly to set up my computer and camera and used the 
external flash mounted on a monopod so that we could hold it and move it around to get the changes 
in lighting needed from outside the chicken wire enclosure. While we were setting up, two dogs ran 
toward us barking loudly. With nowhere to run, I braced myself to be bitten, but they stopped and 
sniffed me and then entered the garden of a home near Stela 5 (Figure 13 left). Just as we all were 
ready to begin, a loud crack of thunder shook the ground and large drops of rain began to fall. We 
frantically moved all of the equipment underneath the flimsy roof protecting the monument. We began 
our capture sequence and the rain became heavier and the sky darker. With the increasing intensity 
of the rain, droplets of water and mud were splashing up onto my computer keyboard and screen.  
 
I was on the verge of abandoning the capture sequence, in the interest of preventing damage to my 
computer, when our guide appeared with a very large umbrella. I was extremely grateful and, even 
though the handle was broken, I managed to hold it over my camera and laptop with one hand while 
operating my computer with the other for the remaining 30 to 40 minutes of our capture sequence. 
Norman showed great agility moving the flash around to different positions as we refined our 
technique. We finished after just less than one hour, and despite the less than ideal conditions, we 
were successful on our first attempt. This was fortuitous because we were not able to arrange access 
for further capture sequences until the day before we departed the Izapa area. Had we not been able 
to do it that first day, the motivation and interest in testing the technique may have been exhausted 
before we had another opportunity. Fortunately, the first results provided compelling motivation to 
arrange for further capture sessions. 
 
  
The Activities in Mexico 
Our week in Izapa went very quickly and was filled with preparations for and celebrations of the Zenith 
sacred sun passage on 13 August 2012. V Garth Norman gave multiple lectures, a TV interview, and 
a one-hour radio interview on which I was invited to speak in Spanish. It was a good thing I had 
several days to remember/practice Spanish prior to the interview. 
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2.4 Post-travel activities 
Following my travels, there was a substantial amount of photographic processing to complete the RTI 
& photogrammetry captures. V. Garth Norman also invited me to submit RTI and conventional images 
for publication in his most recent book: Izapa Sacred Space: Sculpture Calendar Codex, published in 
October. 
 
I also made a visit to the British Museum to have some measurement data of sculpture from the 
Middle East to compare with what was collected in Central America. I have also given a presentation 
over viewing the research undertaken and also created a 3D printed replica of Stela 5 using the data 
collected. 
 
 
2.5 Personal development 
This research opportunity has contributed to my personal development in the following ways: 

• Be inspired by the lifelong work of archaeologist V. Garth Norman 
• Hone my skills for applying for funding and give me a track record 
• Have a more well-rounded education by balancing out my science and technology focus with 

some history, archaeology, language & culture 
• Be able to remember/use/ practice Spanish which I studied for 3+ years over a decade ago 
• Solidified my working relationship with archaeologist V. Garth Norman and also afforded me 

the opportunity to meet several of his peers and supporters 
• Gave me the impetus to update my skills/knowledge on 3D capture and expand further into 

non-laser based 3D scanning to self-train in photogrammetry and RTI methods. 
• Develop a new skill of RTI digitalization, which I have never done before 
• Opportunity to see the sculpture at Izapa before they degrade any further and test the viability 

of digital preservation techniques  
• Be in a unique position to reproduce digitized stelae by 3D printing technologies 
• See first-hand the attitude and superstition of local Mexican people in 2012 which marks the 

end of the fifth world age according to the Mayan long count calendar 
• Expand my awareness of Jerusalem-focused archaeology (developed largely from my term 

as co-chairman of the Jerusalem Temple and Gethsemane Project) to be able to appreciate 
Izapan archaeology and its context in Central America 
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Part Two – Preserving and Deciphering Izapa 
 
The history of Izapa is unique among its pre-classic Mayan contemporaries because it faded in its 
importance and avoided the destruction of war or continuous inhabitation. This has allowed nearly all 
of its carved stone monuments to be found in their original locations. For this reason, Izapa has been 
described as “unsurpassed in what it can teach us” (Norman, 2012c). It also provides a strong 
impetus to preserve the monuments physically and record them virtually. 
 
The preservation effort is directly linked to the ability to decipher the content of the carved bas reliefs 
and correctly interpret it. As the condition of the monuments has deteriorated the claims of what is 
recorded there have promulgated. The debate over what was carved makes establishing their content 
with clarity a prerequisite to correctly interpreting them. 
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3 History and current state of preservation of Izapa 
This chapter recaps the conditions at Izapa since its discovery and highlights the consequent 
research challenges. 
 
 
3.1 Early history of monument protection 
After their discovery in the early 1940’s by Matthew Stirling, many of the monuments at Izapa 
weathered for approximately 20 years without any protection. In the 1960’s, The New World 
Archeology Foundation (NWAF) of Brigham Young University, Provo, UT, USA, raised fallen 
monuments upright (preserving their original location). Shortly thereafter, grass roofs were erected 
over significant monuments as shown in Figure 5 (Nuckolls, 2008). Of particular note is the condition 
of Stela 5 which is the most detailed carving of the site (see also Figure 48). When it was discovered 
there were signs of ancient vandalism and the stela was left lying on its back where the elements took 
a toll on the upward facing carved face. The entire stela was stolen from the site with the intention of 
cutting it up and selling it. However, authorities intervened and it was returned to its original location 
but suffered some additional scarring from its treatment. 
 

 
Figure 5 – Izapa Stela 5 in the 1960’s with grass roof covering (Courtesy of V. Garth Norman) 

 
3.2 Current state of the former site of Izapa 
Izapa simultaneously suffers from the effects of being overgrown with lowland jungle (Figure 6), and 
covered over by local construction (Figure 13 left) and agriculture from the expanding population. 
Figure 7 shows a topographic map of the area which was anciently Izapa overlaid on a satellite image 
from Google Earth.  The topographic map shows the location of pyramids which now are virtually 
completely covered with overgrowth except for some which are planted with corn and other 
agricultural plants. Note how a modern road now divides the southern part of Izapa from the northern 
part. 
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Figure 6 – Searching for stone monuments in the jungle which now covers much of Izapa 

 
Figure 7 – Topographic map of Izapa overlaid on top of Google Earth satellite imagery 
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3.3 Current state of monument protection 
 

 
Figure 8 – Protective roofs over the stelae in Group B (left) and protection for Stela 67 in Group F (right) 

The grass roofs have been replaced with more modern alternatives (Figure 8 left) providing an 
improved measure of protection against direct exposure to sunlight and rain. Each monument is also 
enclosed with chicken wire topped with barbed wire (Figure 8 right) to discourage people and animals 
from getting too close. 
 

 
Figure 9 – Current condition of Stela 5 

Despite the improvements to monument protection over the recent decades, the monuments still 
suffer from seasonal changes in temperature and humidity, varying degrees of getting wet (Figure 8 
right) and muddy when it rains, and bird droppings (notice the white spot on the right half of Stela 5 in 
Figure 9). Tragically, the cumulative result of the conditions since discovery has left some of the more 
shallow details in the stelae difficult to decipher. Ideally, the more important monuments, particularly 
Stela 5, would benefit from the protection of being in a museum. (Or in the words of Indiana Jones 
and V. Garth Norman, “It belongs in a museum!”) 
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3.4 Difficulty of documentation 
The condition of the monuments has resulted in substantial challenges in building a consensus as to 
what was carved on the monuments, which further complicates interpreting them. Obviously, where 
the condition of the stelae is poorest, there is the greatest ambiguity. The focus of this pilot study was 
directed primarily at Stela 5 because it is the most ambitious of the carvings and, according to  
Norman, it is the unifying monument which is key to deciphering the entire site of Izapa (Norman, 
2012b:87). Its significance, in combination with large areas of weathered detail, made it the ideal 
candidate for demonstrating the difficulty of low relief carving study (and the best candidate for 
evaluating new imaging methods). Furthermore, over 150 discrepancies have been catalogued 
between early drawings and the 1999 re-drawings (Norman, 2012b p.6). Stela 5, with people for a 
size reference, is shown in Figure 10 (left) and the level of detail visible at a casual viewing distance 
Figure 10 (right). Figures 11 & 12 show detail measurements of the main deity depicted on the right 
side of the tree at closer proximity. 
 

 
Figure 10 – From the left, Rigoberto Perez (caretaker of Group A), author, Silvano Perez (former caretaker), & V. Garth 
Norman in front of Stela 5 (left);  Stela 5 details difficult to see, with a tape measure for size reference (right) 

 
Figure 11 – Measuring the upper foot of the God of the tree on Stela 5 
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Figure 12 – Measuring the upper foot of the God of the tree on Stela 5 (close up) 
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As shown in Figures 10-12, it is very difficult to clearly illustrate measurements even close up with or 
without a flash. For that reason, meanings at Izapa are most often discussed using artistic illustration 
which always has an element of subjectivity. Studying photos with the aid of artistic illustration is 
helpful to improve identification of features, but it still is not easy or devoid of subjectivity. Ironically, in 
this case, comparing the location of the white bird droppings with other images helps to establish 
which features are being measured, for example see Figure 30. (Normally referring to excrement to 
establish credibility in research is not recommended.) 
 
 

4 Advanced imaging 
Owing to the condition of the monuments as described above, the objectives of the advanced imaging 
techniques used were primarily to capture remaining details on the stelae and facilitate their 
documentation with less subjectivity than prior approaches. 
 
Two techniques were used for capture and visualization as described below. Furthermore, the data 
was also combined and visualized on screen (using 3D software) and physically (by 3D printing). 
 
4.1 Capturing surface colour & texture (using RTI) 
 
The images of the carved stelae from Izapa in this section were created using advanced imaging 
techniques in order to capture their surface shape in addition to colour information. To do this, a 
series of digital SLR camera photos (shot with F-stop 22, 1/50 sec. exposure and ISO 400 using an 
18 megapixel Rebel T4i, Canon, Japan), with lighting from different directions, was analysed and 
merged together using computer software to generate the images shown in Figures 16-19. The 
authors used the highlight image capture method for Reflectance Transformation Imaging (RTI) and 
Polynomial Texture Mapping (PTM) as developed by Cultural Heritage Imaging of San Francisco, CA, 
USA, www.culturalheritageimaging.org and Thomas Malzbender et al. of Hewlett-Packard 
Laboratories, Palo Alto, CA, USA, respectively. For a full page explanation including analogies to aid 
understanding of this process see  Appendix A: Explanation of RTI. This technique has been widely 
adopted for archaeology (Happa et al., 2010, Earl et al., 2010a, 2011, Piquette, 2011, Schroer, 2012). 
 
Due to the size of the monuments (largest dimensions of approximately 2 m), it was questionable 
whether a camera flash would illuminate the surfaces completely and uniformly. Therefore, a 
professional lighting company was hired to help light the monument for ideal photographic conditions. 
Although a permit had been granted for various activities the week of our visit in August, the use of 
professional lighting had not been explicitly included. For that reason, its use was not permitted so all 
images taken in this study were done using a handheld flash. It is hoped that the positive results of 
this pilot study will pave the way toward further imaging including the use of professional lighting. 
 
Furthermore, due to the location of the posts and chicken wire enclosures (Figure 13 left), it was not 
always possible to achieve the recommended standoff distance or spacing for the light source. The 
shallow relief was more evident when lit with a small rake angle as in Figure 14 right (where light is 
projected at an angle close to parallel to the surface) so most images were taken with smaller rake 
angles and fewer images as the rake angle increased toward a normal incidence on the surface. 
 

 
Figure 13 – Stela 5 with nearby house (left); V. Garth Norman & author lean on chicken-wire enclosure, Stela 4 (right) 

http://www.culturalheritageimaging.org/


J. B. Jones   16 

 
Figure 14 – Setup for RTI imaging of Stela 5 (left) image of Stela 5 lit with a small rake angle captured for RTI 
processing (right) 

Once a series of images had been taken from many directions and rake angles (Figure 15) the 
images were processed using v2.02 of the RTIBuilder software to calculate the surface texture and 
produce the RTI and Polynomial Texture Map (PTM) files (Figure 16). 
 

 
Figure 15 – Series of Stela 5 images captured using the highlight method for RTI processing 
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Figure 16 – Result of RTI for Stela 5, shown in specular enhancement rendering mode. 

Since the RTI files store a mathematical description of the surface shape (using surface normals 
expressed as polynomial equations) and colours, objects can be shown with or without colour and the 
surface can be made to appear more reflective to enhance the perception of texture (Figure 17). 
 

 
Figure 17 – Side by side comparison of RTI for lower left details of Stela 5, shown in default (left) and specular 
enhancement (right) rendering modes. 
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Figure 18 – RTI image of Stela 5 (left) with left half shown in specular enhanced and right half in default rendering 
modes; Line drawing (right) of Stela 5 (Norman, 2012b: 106) 

Figures 16-19 (for larger images see Figures 53-55 in Appendix B: ) show the advantage of RTI 
images over traditional photography. The clarity of detail imparted by these images encapsulates the 
value of this entire research project. The camera resolution and scale of the subject enabled this 
technique to resolved surface detail smaller than 200 µm (approximately the height of 2 or 3 human 
hairs). By applying this method to the shallow relief carving at Izapa, it is now possible to validate the 
work of archaeologist V. Garth Norman with a documented audit trail, which up to this point has been 
reliant on more subjective illustration means (such as artistic redrawings Figure 18 right). This clear 
documentation increases the credibility and impact of his work by substantiating the accuracy of his 
drawings. 
 

  
Figure 19 – Side by side comparison of RTI for lower right details of Stela 5, shown in default (left) and weak specular 
enhancement (right) rendering modes. 

This technique was also useful in combination with conventional photography for documenting 
measurements of features in hard to see detail as shown in Figure 30. Archaeologist V. Garth 
Norman’s assessment of the technology in comparison with his early photos and drawings was that it 
was possible to, “see the same details that are apparent in the 1941 Stirling photos” (Norman, 
2012b:6). Norman also states that it will now be possible to “resolve questions of accuracy” raised by 
other researchers (as discussed in §6.3) because RTI results in “a complete record file for inspection 
and peer review” (Norman, 2012b:6). To Norman and the author’s knowledge, this was the first time 
RTI techniques were used to study Mesoamerican bas-relief sculpture (Norman, 2012b:6). 
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4.2 Capturing 3D geometry (using photogrammetry) 
Access to the stelae at Izapa provided an opportunity to also take photos for conventional 
photogrammetry. A series of images was taken of approximately 20 stelae where the lighting 
conditions remain the same throughout the shoot and the position of the camera was moved around 
the subject (see white camera symbols in Figure 20). The photos were then merged into a single 
three-dimensional model using the public beta version of Autodesk 123D Catch software (Figure 20). 
 

 
Figure 20 – Screenshot from Autodesk 123D Catch showing 3D shape of Stela 5 and camera capture positions 

The photogrammetry resulted in three-dimensional models which are useful for showing the overall 
three-dimensional shape of the surface and also illustrate carving detail which can be seen in diffuse 
lighting conditions. The future intention for this technique is for clear 3D illustration of measurements. 
 
4.3 Synthesis of advanced imaging techniques 
Since the resolution afforded by the 123D Catch software was not capable of resolving the very 
shallow texture details to the degree that the RTI technique did, and the RTI data was not able to 
accurately produce overall 3D surface shape (MacDonald and Robson, 2010, MacDonald, 2011), 
combining these two techniques was desirable. 
 

    
Figure 21 – Conceptual desire: combine the strengths of photogrammetry (left) with RTI (right) 

+ 
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In order to combine the information from these two techniques a 3D mesh (OBJ file) was exported 
from 123D Catch and a JPEG image of Stela 5 shown with specular enhanced highlights was 
exported from the RTI viewer software. Patches of the texture bitmap created for the OBJ were then 
manually replaced with corresponding portions of the JPEG image using v12.1 of Adobe Photoshop. 
Distortions to the RTI image were approximated by eye during the replacement process in order to 
result in an orthorectified texture for the OBJ. The OBJ (with texture bitmap images) was then 
imported into version 17.0 (x64) of Materialise Magics software and merged with a rectangular 
backing (Figure 22). This combination of information for both photogrammetry and RTI enabled the 
visualization of shallow relief detail in a 3D context. Only partially mapping the image allowed 
comparison of detail perception using only the colour captured by photogrammetry in diffuse lighting 
compared to the silvery RTI replaced areas. Figure 23 shows how the RTI overlay exceeded the 
resolution of the 3D triangular mesh data. 
 

 
Figure 22 – Screenshot of 3D model of Stela 5 with colour patches from specular enhanced RTI image mapped onto it 

 
Figure 23 – Screenshot showing Stela 5 with RTI replaced colour patches at a higher resolution than the triangle mesh 
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4.4 3D printing of stelae 
All of the 3D modelling described in the preceding sections 
enabled the 3D printing of a physical replica model of Stela 5 
(Figure 24) using a ZPrinter 650 (Z Corporation, Burlington, MA, 
USA). Unfortunately, there was a malfunction on the colour printing 
head so the model was produced in blue and white plaster rather 
than the intended colour. 
 
Further work will include a full colour print at larger scale. 
 
 
 
 

Figure 24 – 3D printed replica of Stela 5 

 
As shown in this second part of the report, the wealth of art and cultural history left by the Izapans is 
underappreciated to date because of its poor condition and the difficulty of reducing subjectivity from 
illustrations. The advanced imaging techniques discussed here have the capability to elucidate the 
content of the engravings with reduced subjectivity thereby enabling scholarship to focus on 
interpreting their significance. 
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Part Three – Evidence of Mormon Influences 
 
The Book of Mormon records the trans-oceanic migration of Jews and Israelites from Jerusalem who 
permanently settled in America and eventually embraced an early form of Christianity. 
 
Building on the methods reported in part two for establishing what is recorded at Izapa, Mexico, this 
part considers their interpretation and evidence arising of Middle Eastern, Jewish, and Christian 
influence on religious temples and worship practices at Izapa. These influences, in combination, 
constitute a body of evidence which can arguably be considered “Mormon” influence. 
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5 Evidence of foreign cultural influence 
This chapter considers evidence of influence from foreign cultures, especially from the Middle East, 
on the art history of Izapa. 
 
5.1 Transoceanic migration 
Perhaps the most obvious question raised by the Book of Mormon is whether trans-oceanic contact or 
migration occurred prior to Columbus. 
 
5.1.1 Transoceanic travel assertions in the Book of Mormon 
The Book of Mormon asserts that multiple groups of people travelled by boat to the American 
continent. The most detailed account is that of several families led by Lehi as recorded by his son 
Nephi who departed shortly before the Babylonian capture of Jerusalem in 587 B.C. Selected 
excerpts from his writing in the Book of Mormon outline the journey as follows. 

• “[Lehi]… took nothing with him, save it were his family, and provisions, and tents, and 
departed into the wilderness. And he came down by the borders near the shore of the Red 
Sea (Book of Mormon | 1 Nephi 2:4 - 5) 

•  “AND it came to pass that we did again take our journey in the wilderness; and we did travel 
nearly eastward from that time forth… And it came to pass that we did pitch our tents by the 
seashore;” (Book of Mormon | 1 Nephi 17:1,6) 

• Nephi then set about to “make tools to construct the ship” (Book of Mormon | 1 Nephi 17:9) 
• He explains that, “we did work timbers of curious workmanship” until he writes that, “I had 

finished the ship.” (Book of Mormon | 1 Nephi 18:1,4) 
• Their departure is recorded, “And it came to pass after we had all gone down into the ship, 

and had taken with us our provisions and things which had been commanded us, we did put 
forth into the sea and were driven forth before the wind towards the promised land.” (Book of 
Mormon | 1 Nephi 18:8) 

• “…after we had sailed for the space of many days we did arrive at the promised land; and we 
went forth upon the land, and did pitch our tents; and we did call it the promised land. And it 
came to pass that we did begin to till the earth, and we began to plant seeds; yea, we did put 
all our seeds into the earth, which we had brought from the land of Jerusalem.  And it came to 
pass that they did grow exceedingly; wherefore, we were blessed in abundance. (Book of 
Mormon | 1 Nephi 18:23 - 24) 

• Retrospectively, the site of their landing was called, “the place of their fathers' first 
inheritance” which is located, “on the west in the land of Nephi… and thus bordering along by 
the seashore.” (Book of Mormon | Alma 22:28) 

 
 
Several additional references to Jerusalem being the origin of the people and their transoceanic 
migration are included below: 

• Anticipating the time when his posterity would read the record he was making, one author in 
the Book of Mormon explains, “…then shall the remnant of our seed know concerning us, how 
that we came out from Jerusalem, and that they are descendants of the Jews.” (Book of 
Mormon | 2 Nephi 30:4, emphasis added)  

• Referring to the history of a people/tribe one author states, “…Mosiah discovered that the 
people of Zarahemla came out from Jerusalem at the time that Zedekiah, king of Judah, was 
carried away captive into Babylon. And they journeyed in the wilderness, and were brought by 
the hand of the Lord across the great waters, into the land where Mosiah discovered them; 
and they had dwelt there from that time forth. (Book of Mormon | Omni 1:15-16, emphasis 
added) 

• Several hundred years after their arrival to America, a king of the people, who had ceased 
worshiping after the Jews, was taught about God and he asked, “Is God that Great Spirit that 
brought our fathers out of the land of Jerusalem?” (Book of Mormon | Alma 22:9) 
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5.1.2 Evidence of transoceanic migration at Izapa 
Stela 67 (Figure 25) at Izapa depicts a bearded man in a boat on the water. The importance of this 
stela throughout the history of Izapa is evident because even when Izapa’s influence waned after 100 
A.D. and there was a shift at Izapa to worship centred in the temple in northern group F, this stela was 
moved and built into the wall of the ceremonial ball court there (Norman, 2010). 
 

  
Figure 25 – Stela 67, Izapa Group F, Bearded man in a boat potentially depicting a transoceanic journey; photo when 
wet by rain water (left), and line drawing overlaid on a photograph (right - Norman, 1973) 

The orientation of the waves of the water is noteworthy since the waves are upside down when 
compared to the orientation of the water on Stela 5 (Figure 16). This can be interpreted as a journey 
through the “underworld” however Norman (2012b) concurred with Recinos (1953:45) who identified it 
in the context of the native migration traditions as a journey “from the west, from across the sea.” 
Assuming the claim in the Book of Mormon is correct, the people would have known that the earth 
was round and the orientation of the waves may indicate that the journey was from the other side of 
the world. At the upper edge of the stela, the beginning of what looks like a repeat of the boat shape 
can be observed (although it is incomplete due to damage in antiquity). The orientation of the boat 
may reinforce the concept that the journey was from the other side of the world. Additionally, the items 
in the hands of the bearded figure have been identified as navigation instruments. 
 
According to Norman (2012b:158), the Maya refer to their original homeland as Tamoanchan which 
refers to “across the sea.” Especially when considering the prevalence of migration traditions, it is 
plausible that this is a depiction of Lehi journeying across the “great waters”, perhaps made by his 
descendants to celebrate one of his great life accomplishments. This figure also bears uncanny 
resemblance to the seated pointing figure on the bottom left-hand side of Stela 5 (Figure 17) and may, 
in fact, be the same person. 
 
 
 
5.2 Physical cultural traits 
Indigenous Maya typically have very little facial hair and are depicted without beards as on Stela 89 
(Figure 26 left). For that reason, Mesoamerican carvings of men with beards have been identified as 
having “Semitic” features (Covarrubias, 1946) and have been labelled as being a “visitor” or 
“foreigner” by Proskouriakoff (1968). Norman (2005) has written that the bearded figures at Izapa 
(Figures 25 & 26) may represent a foreign cultural influence from the Middle East. Magleby (1979) 
studied over 230 depictions of bearded men in Mesoamerica and even noted the practice of 
appending false beards, a practice also known in ancient Egypt.  
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Figure 26 – No beard on Stela 89 (left); Beards at Izapa: Detail of Stela 5 RTI (middle), Stela 11 (right) 

The existence of beards in Mesoamerican art history correlates with the arrival of groups of people as 
recorded in the Book of Mormon. The widespread existence of beards in the Middle East is known 
among multiple cultures. The Egyptian scribe Hunefer (Figure 27 left) depicts himself with a short 
beard and the god Osirus (seated), with the long ceremonial beard of the pharaoh, in his 1275 B.C. 
Book of the Dead as held by the British Museum. Furthermore, the British Museum’s Assyrian bas 
reliefs of the capture of Lachish in ~700 B.C. (Figure 27 right) depict both the Assyrian soldiers 
(wearing pointed helmets) and captured Jews with beards. This bas relief was made less than 100 
years prior to the departure of Lehi and his family. The depictions of bearded “foreigners” at Izapa 
may be considered as evidence of foreign influence possibly from the Middle East as asserted by the 
Book of Mormon.  
 
Although the author was not able to establish further evidence toward causation, the journeys 
recorded in the Book of Mormon stand as the most detailed explanation of how this trait was 
introduced to Mesoamerica (Figure 25). The history of the people’s destruction, as recorded by 
Mormon, and assimilation with indigenous people is also a plausible rationale for why it eventually 
disappeared. 
 
 

 
Figure 27 – Short and long beard depicted in the Book of the Dead of Hunefer (left – photo by author with permission); 
Bearded Assyrian soldiers with bearded Jewish prisoners (right – photo by author with permission) 
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5.3 Standard unit measure at Izapa 
Having verified the ability of the imaging techniques to elucidate difficult to see detail in the stelae 
surfaces; the focus expanded to verify the dimensions of the details which had been measured and 
artistically illustrated by V. Garth Norman, but not photographically documented. 
 
The use of standardized units such as meters and feet allows a society to communicate with each 
other. Which standard a society uses can also indicate their cultural heritage. For example, homes 
designed in the USA are typically measured in feet and inches, not meters. This section examines the 
standard unit systems used at Izapa and any inferences that can be made from them. 
 
5.3.1 Illustrating the “god foot” measure 

In his most recent publication on Izapa, Norman (2012b) 
illustrates various measurements, primarily using line 
drawings sometimes overlaid on photographs. The first image 
with measurements (Norman, 2012b:11) uses increments of 
the “god foot” which is based on the length of the lifted foot of 
the largest figure on the right of the tree trunk (Figure 28).  
 
Although the feature can be seen, and 12.4 cm measured in 
person, photographs documenting its length (Figure 29) are 
not easily discerned. Supplementing the image with RTI 
images of the same area (Figure 30) aids interpretation by 
giving a reference for what features to look for and their 
location relative to other features. In this case, the presence of 
a white stain from bird droppings can be seen in both the 
photo and the middle RTI image, which gives context in 
addition to the visible stone features. 

Figure 28 – Detail of photo line drawing of Stela 5 showing “god foot” increments (Norman, 2012b:11) 

 
Figure 29 – Length measurements of the higher foot on the figure wearing the god mask – Stela 5, Izapa 
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Figure 30 – Measured “god foot” on Stela 5 (left) clarified by RTI images shown in default (middle) & specular 
enhanced rendering modes (the yellow arrows indicate white stain of bird droppings) 

 
 
5.3.2 Documented Measurement of Features on Stela 5 
To further document the use of the "god foot" as a standardised unit, other measurements on Stela 5 
that used some increment of the 12.4 cm “god foot” length (as in the Figure 28 line drawing) were also 
photographed. Figure 31 shows a section of the tree trunk where the width is equal to the "god foot" 
length. 
 

 
Figure 31 – Measuring the width of the tree trunk – Stela 5, Izapa 

 
 
 

~12.4cm 
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Figure 32 – Measuring the vertical height of the Stela 5 central panel (left); with close up view of the tape (right) 

 
Figure 33 – Measuring horizontally across Stela 5 (left); with close up view of the tape (right) 

Figures 32-33 show Norman measuring the vertical height of the panel on Stela 5 and a horizontal 
length respectively, both at 99 cm which equates to eight increments of the “god foot.” 
 
Figure 34 shows a measurement of 49.5 cm, which equates to four increments of the “god foot” at the 
widest point between the diagonals on the sky panel.  
 
Figure 35 shows a measurement of 99 cm, which equates to eight increments of the “god foot” from 
the top of the base panel up to the top of the sceptre on Stela 4. 
 
This section has documented the repeated use of standard measure on Stelae 4 and 5. 
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Figure 34 – Measuring horizontally between the diagonals on the sky panel, Stela 5; with close up view of the tape (inset) 

 
Figure 35 – Measuring vertically from the ground panel to the top of the sceptre, Stela 4; with close up (inset) 

 
5.3.3 Comparison with Middle Eastern Cubit Lengths 
As discovered by V. Garth Norman, the “god foot” measure of 12.4 cm equates to ¼ (12.38 cm) of the 
49.5 Royal Babylonian (RB) cubit, which is a standard length unit, used throughout the Middle East 
(Scott, 1958, 1959, Segrè, 1944). In actual fact, the measurements shown in Figures of § 5.3.2 can 
also be listed as ¼, 2, 2, 1, and 2 Royal Babylonian cubits respectively. 
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Furthermore, other features on the stelae use a different standard length which equates to increments 
(and factors) of the 52.5 cm Royal Egyptian (RE) length (Scott, 1958). For example, Figure 36 shows 
the forearm and foot in Stela 4 with 26.3 and 13.1 cm which correlate to ½ and ¼ Royal Egyptian 
cubits respectively. 
 

 
Figure 36 – Measuring the forearm (left) and foot (right) in Stela 4 with inset close up images (arrow indicates elbow) 

The photographic documentation of measurements in 
this and the previous section validate Norman’s line 
drawings (such as Figure 37) which illustrate the mixed 
use of two standard measurement units, Royal 
Babylonian and Royal Egyptian cubits. A modern-day 
analogy for mixed use of units might be a British car in 
which components are designed in millimetres (SI), yet 
the odometer measures in miles and the petrol tank in 
gallons (Imperial units). 
 
It is entirely logical that the Jews would have been 
familiar with both cubit lengths, the RE cubit from their 
430 years in Egypt, and the RB cubit from the waxing 
influence of Babylon just prior to the departure of Lehi 
and his family from Jerusalem. The chances that the 
early Mayans could have arbitrarily guessed the exact 
length of RE & RB cubits, and that they mixed them in 
their sculptural design layout without transmission from 
the Middle East, is simply unexplainable. 
 

Figure 37 – Stela 4 Golden Mandala with RB and RE cubit measurements (Norman, 2012b:175) 
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5.3.4 Ancient Timeline/Chronology Scale 
Izapa, Mexico, is the site, where the 260 sacred day count and the more secular 365-day Mayan 
Calendar Round year were established earning it the nickname as, “the place where time began” 
among locals (Malmstrom, 1973, 1978, 1997).  
 
Having demonstrated the designed layout and precise measurement for Stelae 4 and 5 at Izapa, 
Figure 38 moves beyond length measurement only and maps the five world ages, chronologically, in 
a timeline on Stela 5. The scale is set so that every “god foot” increment equates to 1040 years, along 
the tree from bottom to top. Norman explains that the ages start at 3120 B.C., which is when the 
Mayans looked back to the worldwide flood (a tradition shared by virtually all Middle Eastern cultures) 
(Norman, 2012b:182). Each age is signalled by elements in the composition illustrated at the same 
height as the chronology scale which extends to 2080 A.D. The duration of the timeline makes it a 
record of history and also timeline for future prophecy. It is noteworthy that the measured layout of the 
stela is also a microcosmic representation of the entire temple complex layout at Izapa (Norman, 
2011:115-116,194,198), making Stela 5 a timeline and site map simultaneously. 
 
The world tree chronology (as interpreted in Figure 38), was Izapa’s primary calendar from which the 
Maya Long Count was created with its 5-world ages ending on Winter Solstice 2012. The long count 
was discarded with the classic Maya collapse a thousand years ago, and has been revived today by 
scholars decoding the ancient Maya calendar. It is a dead calendar to the living Maya today.  The 
reason why the Izapa world tree chronology goes beyond 2012 is that, when the Long Count calendar 
was implemented it used a 360-day year ending the 5th World Age pre-maturely when compared with 
the 365-day year on the Calendar Round.  
 

 
Figure 38 – The 5 World Ages Chronology scale (Norman, 2012b:182), with RTI detail of tree trunk 

Even though Izapa used the 365-day (“haab”) year, evidence indicates they may have been aware of 
the 360-day (“tun”) year as well (Norman, 2012b:7). As previously mentioned, the end of the 5th world 
age derived from Calendar Round cycles is shown at 2080 AD, however, the 5th world age end is 

2080 2012 



J. B. Jones   32 

marked with a curved line which begins at the height of 2012 where it touches the round ear spool 
(see detail in Figure 38) and extends the end of the five world ages another 68 years to 2080 
(Norman, 2012b:7,167-168). Although the end of this age has been sensationalized as the prophecy 
of the “end of the world”, in fact, just marks the beginning of a new cycle (Norman, 2012b:167-168). 
Traditional Maya today, still practice the Calendar Round's sacred 260-day (Tzolḱin) ritual cycle within 
a 365-day year (Malmström, 1978). 
 
 

6 Stela 5 and evidences of “Mormon influence” 
This chapter turns to the observed and captured elements of Stela 5 and their possible connection 
with the Book of Mormon. 
 
6.1 Calendar similarities 
Further to the chronology time scale introduced in §5.3.4, calendar similarities with the record by 
Mormon are considered below.  
 
The fact that one of the five world ages begins precisely at 1 B.C. on the chronology scale (See the 
line labelled “rain” in Figure 38) seems highly coincidental given our current calendaring system. This 
fact, together with many geometric layout alignments (see red lines in Figure 38) pointing toward the 
right edge of the trunk at the 1 B.C. height line, indicates that the culture which carved Stela 5 
anticipated an important year. Norman identified this year as the anticipated birth year for the local 
god Quetzalcoatl (Norman, 2012b:181,186).  
 
A possible explanation for this expectation may be found in a Book of Mormon prophecy for when the 
Messiah would come. Nephi, the son of Lehi stated, “And behold he cometh, according to the words 
of the angel, in six hundred years from the time my father left Jerusalem” (Book of Mormon | 1 Nephi 
19:8). If the Izapans were aware of this prophecy, then presumably they would have included a 
feature on the chronology scale to mark 600 B.C. (as well as 1 B.C.). Examining Figure 38, the 
bearded figure on the left has two unlabelled red lines extending from the arm he is using to point 
with. The one from his pointer finger crosses the far side of the tree trunk at the 1 B.C. height (as if to 
signal the birth of Quetzalcoatl); the other extending from the bottom of his hand crosses the far side 
of the tree at 600 B.C. (this is not a marked height, but it can be measured out by interpolating 
between the marked world age lines), at the point where a feature which appears like the heel of a 
foot (see §6.3.1 for possible interpretations of this feature). 
 
Perhaps this lower line is the signal of the starting point of the prophetic countdown and corresponds 
to the countdown cycle identified by Norman (Norman, 2012b:186-187). This would make sense if the 
bearded figure was the same as the one depicted in the boat in Stela 67 (Figure 25) and may even be 
Lehi. If this theory is accepted, then the local god Quetzalcoatl would presumably be a depiction of 
the Jewish Messiah or Jesus Christ, whose arrival coincided with the Stela 5 chronology, the Book of 
Mormon and Christian tradition (as used in our current Gregorian calendar system). If this 
interpretation is correct, it is unlikely that the convergence of 3 distinct calendar systems (Izapan, 
Book of Mormon, and Gregorian) was a coincidence. 
 
Fortunately, with the end of the 5th world age another 68 years off (§5.3.4), there is ample opportunity 
for continued calendar and RTI research to substantiate the origins and meanings of the carved detail 
and chronology scale on Stela 5 and the remaining 140+ carved stone monuments at Izapa. 
 
6.2 Stela 5 as Lehi’s dream of the tree of life 
One of the most interesting similarities between the cultural history at Izapa and the Book of Mormon 
is a dream or vision in which Lehi saw a “tree of life,” as recorded in 1 Nephi 8 by his son Nephi, who 
provided further details and interpretation in 1 Nephi chapters 11-14. A connection between Stela 5 
and the Book of Mormon was first asserted in 1953 by Dr. M. Wells Jakeman with a follow up five 
years later (Jakeman, 1953, 1958). The reaction to his claims has caused a significant divide between 
academic scholars over the last half century as reviewed by Brewer (1999) and Nuckolls (2008). 
Some have praised his objectivity while others have critisesed his interpretation because it was based 
on his own artwork (Brewer, 1999). Subsequent drawings by Norman, Keeler, Pozo, Miles and Clark-
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Moreno have had varying levels of agreement with the features as documented by Jakeman 
(Norman, 2012a). 
 
The most extensive work on Stela 5 representation has been done by archeologist V. Garth Norman 
whose work most resembles Jakeman’s, with 67% common features, as shown in Figure 39 (Norman, 
2012a). These drawings, made by photo line tracing as part of the NWAF Izapa project, were 
substantially completed in 1966, subjected to extensive peer review against early photos and 
published in the 1970’s (Norman, 1973, 1976). Their importance as a substantially accurate 
permanent record is underscored by Lowe et al. (1982:2) who stated that, "Accurate illustrations and 
complete descriptions for all of the carved Izapa stone monuments did not appear until 1976" with 
publication of Paper 30 by V. Garth Norman. These drawings were circulated for over thirty years as 
the most accurate, peer reviewed drawings available before additional erosion of fine detail ocurred. 
Based on the 1976 drawing, Norman acknowledges that despite the errors in Jakeman’s drawing 
(with knock on effects in his interpretation) that what Jakeman argued still had merit and may prove 
correct once “all the evidence is in” (Norman, 1985, 2003, 2012a). 
 
The most forceful rejection of Jakeman’s theory came in 1999 by Dr. John E. Clark, who rejected 95% 
of the asserted connections (Clark, 1999, Norman, 2011). Clark’s position was based on a “new 
artistic rendering” of Stela 5 by artist Ayáx Moreno whom he supervised directly. Clark stated that the 
new drawing appeared to “rob [Jakeman’s theory] of most of what had once seemed like impressive 
support” (Clark, 1999).  Clark dismissed every other drawing of Stela 5 except his own because he 
held that, “major details were omitted or misdrawn” claiming that Jakeman (and other reserachers) 
“…saw things on the stone that are not there and missed many other features that are” (Clark, 1999). 
Clarke and Moreno’s methodology began with tracing and reduction to which detail was added based 
on video footage, often taken at high zoom, of raking light (Clark, 1999). Clark stated that, “We 
firmly believe that further examination of the Izapa sculptures will likely reveal no significant data 
beyond what our drawings now show” (Clark, 1999). He declined peer review when publishing the 
new drawings as had been standard practice with prior NWAF publications (Norman, 2012b:6). 
 
Review of the 1999 Clark-Moreno drawing of Stela 5 compared to the 1976 Norman drawing by his 
peers revealed “strongly felt” concerns with the majority of the new detail proclaimed by Clark (Allen, 
1999, Norman, 1999, Wirth, 1999). Despite these concerns, the “new” drawings have been widely 
circulated which appear regularly in scholarly publications. Without access to the primary video 
documentation used by Clark and Moreno or a technique capable of capturing detail on the same 
scale it has been difficult to substantiate or entirely reject the high resolution detail they included in 
their drawing. 
 
 
6.3 Clarifying debated details on Stela 5 
As discussed, the deteriorated condition of the monument has significantly contributed to the debate. 
Due to the difficulty of seeing the carved details, scholarship on the monument has been obliged to 
rely on hand-drawn representation, where it is difficult to ensure objectivity. The value of the 
advanced imaging research in Chapter 4 is that the subjective “artistic” element can be reduced, 
allowing far more objective illustration of details. Therefore, this section considers how the RTI images 
captured in August 2012 compare with the two most widely used artistic drawings, and whether or not 
the hypothesized connection with the Book of Mormon is still viable. 
 
6.3.1 Comparison of drawings with RTI images 
A slightly updated version of Norman’s 1976 drawing will be compared with the 1999 Clark-Moreno 
drawing, which is arguably the most drastic departure from the Jakeman tradition, as shown in Figure 
40. The comparison will focus on a few sample areas on the stela in support of the more holistic 
treatment of the scene by other researchers including 150+ challenged “new” details illustrated on the 
Clark-Moreno drawing (Allen, 1999, Norman, 1999, Wirth, 1999). 
 
One of the advantages of the RTI technique is the ability to save images with the subject lit from 
various angles. The author suggests that this ability is analogous to the Clark-Moreno methodology of 
using video footage, taken with various angles of raking light which was “freeze-framed,” to identify 
detail (Clark, 1999). For the first time since the publication of the 1999 Clark-Moreno drawing, a 
practical method of illustrating the scale of detail claimed is available for critical analysis.  
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Figure 39 – 2012 (updated from 1976) Norman Drawing of Stela 5 (Norman, 2012b: 106) 

 
Figure 40 – 1999 Clark-Moreno Drawing of Stela 5 (Clark, 1999) 
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Figure 41 – Comparison of bearded person seated in Stela 5 – Norman Drawing (upper left), 1999 Clark-Moreno 
Drawing (upper right), 1965 Norman Photo (lower left), 2012 RTI image (lower right) 

Figure 41 shows a comparison of the seated bearded figure in Stela 5, using both photographic and 
the Norman and Clark-Moreno artistic representations. It can be seen that there is significantly more 
detail on the Clark-Moreno drawing.  
 
Figure 42 shows the same figure with six different lighting and RTI/PTM surface rending conditions for 
discussion. 
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Figure 42 – Various light angles and RTI/PTM rendering modes of the bearded figure seated in Stela 5 

 
Figure 43 – Detail from 1999 Clark-Moreno drawing (left); Detail from Figure 42d RTI image (right) 

a         b 
 
 
 
 
 
c        d 
 
 
 
 
 
e        f 
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One of the debated details on this seated figure is identified as a pointing finger (Figure 43 left, arrow 
D) by Norman, while Clark suggested that it was “probably the end of a rope which is seen encircling 
the seat” (Clark, 1999) (Figure 43 left, arrow A). Using the RTI image in Figure 43 (right) some surface 
detail can be observed which could possibly be interpreted as “a rope” rounding the knee (arrow F) of 
the seated figure, as Moreno has drawn it in Figure 43 (left, arrow B). Assuming this were the case, 
the linear surface detail delineating the right edge of the “rope” is shown with arrow F in Figure 43 
(right).  If this surface detail offset from the knee were on its own, it could be argued that it is an 
intended feature such as a rope; however, there is another surface detail of similar size and shape 
offset a further increment to the right (Figure 43 right, arrow G). This second line is also apparent in 
Figures 41 & 42c-e but it is not illustrated in the Clark-Moreno drawing (arrow C). In lighting conditions 
where the line (indicated by arrow G) is not evident, the “rope” edge feature (arrow F) is also less 
visible. 
 
Clark cannot credibly argue for the left line to represent a rope’s edge, while omitting the right line 
entirely. This is because the second line is cut more deeply than the illustrated horizontal rope detail 
under the seat (Figure 43 left, arrow A), which he claims his methodology was capable of 
documenting (Clark, 1999). Even if it had only been regarded as a witness mark from ancient tools, it 
should have been included in the illustration just like the witness marks illustrated near ground level 
between the rope and the incense burner (below arrow labels B & C). It could be argued that the 
lower horizontal rope detail was visible in the late 1990’s but has since been eroded, but such detail is 
not discernible in the early photos (such as Figure 48) while the two lines indicated in the previous 
paragraph are. Furthermore, why would the horizontal rope detail have eroded more quickly than the 
witness marks if both were present in the late 1990’s? Could it not be equally likely that both lines 
were tooling or witness marks from creating the relief of the knee of the seated individual? The 
treatment of these marks is an example of inconsistent interpretation of like scale surface texture. 
 
A further difference between the Norman and Clark-Moreno drawings is that they illustrate the seat 
with one face and two faces respectively (Figure 41). The square mouth shape on the right face (see 
arrow E in Figure 43 right) is congruent with Norman’s drawing, while it differs from the more rounded 
shape illustrated by Moreno. Examining the surface texture on the left-hand side of the seat in the RTI 
images (Figure 42) does not sustain the level of detail drawn by Moreno, even though some of the 
surface roughness could be considered reminiscent of a face. 
 
Additionally, the RTI images do not sustain the scroll shaped curl of the lowest central flame of the fire 
as illustrated by Moreno, which appears more like a “U” or harp shape as illustrated by Norman. 
 

 
Figure 44 – Detail of a woman from 1999 Clark-Moreno drawing (left); Detail from RTI image of Stela 5 (right) 

A B 
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Figure 44 (left) shows a detail of the Clarke-Moreno drawing which illustrates a woman who is 
extending her arm toward the mouth of a large deity figure. It is compared to the RTI image of the 
same area of Stela 5 (Figure 44 right) showing the stone texture in 2012. Although, the absence of 
clear detail on the stone surface makes it hard to correlate with the drawing, the alleged foot of the 
woman has been indicated with an arrow in both. Many researchers have acknowledged this feature 
as resembling a foot, but what is evident here is that the shape of the foot portrayed by Moreno (arrow 
A) does not correlate in form or aspect ratio to the actual surface shape (arrow B). Such poor 
correlation on evident features weakens the claimed fidelity of rendering to the stone by Clark-
Moreno. Incidentally, Norman does illustrate this foot shape (Figure 39) and notes that it resembles 
the pattern of stars and dust in the Milky Way (Norman, 2012b:93). 
 

 
Figure 45 – Detail of a child or incense burner on Stela 5 - Norman drawing (left); RTI image (middle); 1999 Clark-
Moreno drawing (right) 

Figure 45 shows an area of Stela 5 which has a seated figure with a small 
child as drawn by Norman or an incense burner as drawn by Moreno. Figure 
45 (middle) shows an RTI of the current surface of the stone and Figure 46 
shows an RTI of an the incense burner for reference, from another area of 
Stela 5, where both drawings agree. The triangular edge detail (dashed 
arrows, Figures 46, 45 right) characteristic of incenser burners is not visible in 
the RTI image (Figure 45 middle). The feature which Norman illustrates, that 
may be described as hair (see arrow, Figure 45 middle) on the child, does not 
conform to the flame shapes as drawn by Moreno. In short, the surface texture 
as elucidated by the RTI does not sustain an incense burner as shown in the 
Clark-Moreno drawing. Neither Norman’s methodology (when the stone 
condition was 30 years less weathered) nor the RTI study sustain detail 
indicating an incense burner here, leaving Clark’s conclusion unsupported. 

Figure 46 – Detail of an incense burner on Stela 5  

6.3.2 Conclusions from comparison 
Although the RTI technique shows texture features which are sympathetic with many of the new 
details proposed by the Clark-Moreno drawing most of them are on the same scale as the surface 
texture in the weathered stone or smaller, as illustrated in the previous section. This reveals a 
fundamental problem with the Clark-Moreno methodology (combining tracing, reduction and zoomed 
filming with raking light). Perhaps the limited field of view when operating a camera with the “zoom 
feature” isolated the surface texture from the context of positively carved detail. This made Clark’s 
methodology susceptible to the confounding of carved detail with the natural or eroded stone texture. 
Without an appropriate frame of reference many things could have been read into the stone which 
were simply naturally occurring stone texture. 
 
Furthermore, without a consistent frame of reference, some minuscule surface textures have been 
illustrated as carved detail by Moreno, while other areas with surface anomalies on the same scale 
have not been. The inconsistent interpretation of surface texture with the same magnitude also 
undermines the credibility of the Clark-Moreno drawing. 
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The details derived from the methodology of Clark and Moreno are not substantiated from the details 
captured using RTI in this project, nor by the observations of the monument made in person. Without 
any primary documentation to substantiate the Clark-Moreno stylistic and content related departures 
from prior peer-reviewed drawings, they must be disregarded or recast as conjectured embelishment. 
 
Contrary to the doubts raised about the Clark-Moreno drawing, the RTI imaging technique has 
provided documentation which confirms the accuracy of the 1960’s Norman photo line tracings with 
the NWAF Izapa project, and clarifies a little additional detail. Norman’s drawing show consistent 
treatment of same scale surface texture detail. He only illustrated detail from texture which is larger 
than the stone surface roughness, and omitted detail which cannot be distinguished from natural 
patterns or blemishes in the stone surface. Norman assessed his own work using the RTI image set 
stating that, “the new fully enhanced photos duplicated the details of my original drawings with only a 
few adjustments” (Norman, 2012b:6). 
 
Although Clark described his methodology in detail, the appropriateness and relevance of it were not 
referenced in his text, contrary to the documented validity of RTI for clarifying surface detail of 
archeological subjects (Earl et al., 2010a, 2010b, Happa et al., 2010, MacDonald, 2011). After 
scrutinizing both drawings in comparison with the RTI images, art historian Dr. Vern Swanson 
concluded that “the Clark-Moreno drawing is the result of imaginative artistic editorialism where the 
proclivities of the artist overwhelmed the judgment of the scholar” (Swanson, 2012). 
 
Owing to the multitude of errors catalogued by other researchers, many of which have been 
reinforced by the RTI methodology presented herein, it must be concluded that interpretation of Stela 
5 based on the unsubstantiated detail added by Clark and Moreno is invalid. Additionally, the 
shortcomings of the Clark-Moreno methodology shown here may have had an equally problematic 
effect on all of the other drawings they made of Izapa monuments. Since these drawings are being 
circulated in professional publications, any drawing errors will have proliferated interpretation errors. 
The conclusions based on the RTI methodology, highlight the need for objective peer-review for each 
of the Clark-Moreno drawings in order to stop further spreading of artistic drawings bearing 
unsupported embellished detail. 
 
 
6.4 Features common to Stela 5 and Lehi’s Dream 
As discussed, the detail verified by the RTI imaging technique did not sustain the departures of the 
Clark-Moreno drawing from Norman’s peer reviewed 1976 photo line drawing. This re-establishes 
Norman’s drawing to its prior status as a most correct and objective drawing to date, making a 
connection between Stela 5 and the Book of Momron as asserted by Jakemen possible. 
 
Common features between Stela 5 and elements in Lehi’s dream are presented for the reader. 
Excerpts describing dream elements from the Book of Mormon follow, with comments and correlation 
to numbered features in Norman’s drawing of Stela 5 (Figure 47). 
 

• Lehi's dream deals with six individuals, one of whom is his wife 
o There are six individuals (#11a-f) illustrated sitting on the ground panel, one of whom 

appears to be female (#11b). 
• “I beheld a tree, whose fruit was desirable to make one happy” (Book of Mormon | 1 Nephi 

8:10) 
o Elevated up in the middle of the left-hand side is depicted a deity, with large “elephant 

shaped head (unnumbered), who is handing a circular fruit to someone (#13) just left 
of the trunk of the tree.  

• “I beheld a river of water; and it ran along, and it was near the tree” (Book of Mormon | 1 
Nephi 8:13) 

o There is clearly a river (#2) which is fed by the rains (between #5 & #6) depicted on 
the right-hand side of the scene which then flows under the roots of the tree. 

•  “I beheld a rod of iron, and it extended along the bank of the river” (Book of Mormon | 1 
Nephi 8:19) 

o The figure (#11d) seated on the far right of the scene is holding with two hands onto a 
straight bar which runs parallel to the upper right-hand side of the river. There is also 
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an umbrella like shape at the top of it which may be protection from the mists falling 
out of the clouds above and to the right of the umbrella. 

• “I beheld others pressing forward, and they came forth and caught hold of the end of the rod 
of iron; and they did press forward through the mist of darkness, clinging to the rod of iron, 
even until they did come forth and partake of the fruit of the tree” (Book of Mormon | 1 Nephi 
8:24). 

o The figure seated on the far right (#11d) could be described as “clinging” to the rod. 
At least two further figures (#12-13) appear to be attempting to arrive to the tree or 
receive its fruit. Also, the diagonal lines covering a head shaped glyph (above #6) 
represents blindness, possibly due to the falling rain/mist to the right of the glyph 
(Norman, 2003). 

 

 
Figure 47 – Norman Drawing of Stela 5 with numbered elements (Norman, 2003) 

 
6.5 Sacrifices 
Further to the elements specifically noted in Lehi’s dream, Stela 5 also includes other elements 
mentioned in the Book of Mormon; for example, evidence of sacrifice.  
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The Book of Mormon records, “And they also took of the firstlings of their flocks, that they might offer 
sacrifice and burnt offerings according to the law of Moses;” (Book of Mormon | Mosiah 2:3). 
 
Sacrificial altars are present in front of Stela 5 (note flat circular stone in front of Figures 10 left and 14 
left) and an incense burner for burnt offerings is also present in the composition (note fire rising from 
incense burner near seated bearded person in Figures 16, 18, & 39). These features are present in 
other stelae as well. 
 
 
 
As shown in this chapter, several of the elements described in the Book of Mormon correlate with 
components in Stela 5. Further to the elements in the narrative, the sequence in which it is recorded 
also has significance. Norman (2012b:8,157) has identified the water cycle starting clockwise from the 
upper right-hand corner, where the rains descend down to the bottom of the composition, a river runs 
to the bottom left-hand corner, and finally the water evaporates in upper left-hand corner. This cycle, 
which starts in heaven and returns to the heavens, is a chiastic structure which is heavily used in 
Semitic writing (Lund, 1930, 1933, Welch, 2007). He has also suggested that this is symbolic of the 
human journey where spirit children come down from heaven (just as the rain), mature in life (right-
hand side of the ground panel) just as the river flows, grow old (left-hand side of the ground panel) 
and die where those who receive a just reward (symbolized by partaking of the fruit of the tree) 
ascend back up to heaven (like evaporation). Additional study of the glyphs in this image may yield 
further insights into the original meaning of this stela and whether or not it was carved as a record of 
Lehi’s vision. 
 
 
 
  



J. B. Jones   42 

7 Conclusions 
The objectives set out for this project in §1.4 have been achieved predicated upon the successful 
advanced imaging methodologies. The use of RTI and photogrammetry introduced in this work has 
clarified content in Izapa Stelae 4 and 5 in a less subjective way than hand-drawn artistic 
representation. It has also provided a level of digital preservation and evidence to justify additional 
preservation efforts. The utility of these techniques was highlighted in a presentation at the National 
Museum of Anthropology in Mexico City in August 2012 by V. Garth Norman (Norman, 2012c). 
 
Building on the clear documentation of detail afforded by the new images, evidence of transoceanic 
contact from the Middle East, including standard unit measure, geometric layout and cultural features, 
has been presented and discussed. 
 
Furthermore, features on Stela 5 have also been reviewed and compared with Lehi’s dream of the 
“tree of life” as recorded in the Book of Mormon. While the Stela evidences content beyond what is 
recorded in the dream, correlations with some major elements are impressive. 
 
The Izapan culture climaxed from 500 B.C. to 100 A.D., which corresponds to the time period when 
the Book of Mormon was written, and also exerted influence at a critical time and place during the 
formative Maya period.  
 
Although the evidence contained in this report is not substantial enough to conclude how much the 
Izapan culture was influenced by the people of whom Mormon wrote, it certainly provides indications 
that it was plausible. Furthermore, there is ample evidence in the art and cultural history of the Izapan 
culture, including standardized unit measure and measured geometric layout, signalling transoceanic 
influence from the Middle East and the worship of a Messiah. 
 
 
7.1 Limitations 
Admittedly, the limited scope and rigor of this pilot study should be strengthened with further 
documentation. The camera equipment and capture conditions for the RTI imaging and 
photogrammetry could also be improved. 
 
Only a small sample of the RTI clarified detail of Stela 5 has been published here and the author 
acknowledges that inevitably some detail will have been eroded which was not detected by RTI.  
 
Additionally, the observations in this report are made from an engineering perspective of 
measurement and 3D photogrammetry with heavy reliance on the work of V. Garth Norman for 
archaeological input and interpretation. 
 
 
7.2 Future work 
The RTI images of Stelae 4 & 5 captured in this research should be used to substantiate and validate 
carved details where disagreement exists. The RTI images should be made widely available for 
evaluating and reducing the subjectivity of all artistic depictions of the stelae. This will improve 
interpretation, and also facilitate professional peer review of future publications for the benefit of all 
stake holders in Izapan research. 
 
Future work should include 3D digital capture of all significant carvings at Izapa to enable research 
across space and time (before the stelae degenerate further). Selected stelae should be reproduced 
by digital techniques (3D printing and CNC machining) and conventional casting techniques.  
 
Reflectance transformation imaging should ideally be undertaken using professional lighting (possibly 
with the roofs temporarily removed) and at night to have total control over lighting conditions. Also all 
captured images should be orthorectified prior to conversion to RTI files which will enable direct 
measurement of RTI images as if they were topographic maps. 
 
Lastly, the significance of Izapa is sufficient to justify the creation of an archaeological park of the 
entire complex with visitor centre, the housing of the most significant stelae in a museum, and the re-
routing of the road which currently divides Izapa.  
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 Appendix A:  Explanation of reflectance transformation 

imaging 

 
Rationale for advanced imaging techniques at Izapa 

 
Interpreting the finer details of the low relief carving on the stelae at Izapa has been problematic due 
to their weathered and damaged condition. Since their discovery in the mid-1900’s, the integrity and 
decipherability of their details has been further compromised by additional weathering and vandalism. 
Although early photographs and drawings are invaluable, they provide limited support for further 
investigation and can sometimes be difficult to reconcile with the current condition of the monuments. 
 
The imaging techniques described herein have provided an unparalleled way to review and 
interrogate stelae details which are far less prone to subjectivity than artistic redrawing. The combined 
ability to view colour, together with the surface shape and texture, helps resolve the difference 
between features carved intentionally and those arising from deterioration in the stone. Furthermore, 
the virtual re-lighting and magnification makes it practical to document features with a robust audit trail 
which cannot easily be seen or photographed otherwise. 
 

A brief explanation of the imaging techniques: 
 

Principle 1: Shininess & 3D shape 
Generally, the more shiny or reflective an object is, the easier it is to perceive changes in its three-
dimensional shape. For example, think about how easy it is to spot a dent or scratch in the body of a 
new shiny car. Since normal photography only captures colour data, the purpose of these advanced 
techniques is to supplement colour data with information about the surface shape and texture. 
 
Principle 2: Surface roughness & reflections 
Virtually all of us have an intuitive understanding that light passes through some objects more easily 
than others. For example, light passes through a clear piece of glass relatively easily; however, when 
passing through clouds, some light gets absorbed and scattered. Something similar happens when 
light is reflected off of different types of surfaces. With very smooth surfaces most of the light bounces 
off with a uniform direction (often called a specular reflection) which is what creates the reflections 
that we see in a mirror or a shop window. However, when a surface is rough, the light gets absorbed 
and scattered as it bounces off in different directions (a diffuse reflection) which is why we are not 
able to see reflections.  
 
Determining shape from photos with different lighting 
Many photographs of the same object are taken from a fixed camera position. In each photo the 
object is lit from different known directions (including oblique angles such as raking light) creating a 
different highlight/shadow pattern. A computer then analyzes the pattern changes between all of the 
photos to calculate the surface shape of the object. The orientation of the object’s surface is recorded 
at each pixel using a “surface normal” value which is added to the standard colour information. 
 
By analogy, this process can be visualized as akin to taking photographs of a sundial at every hour of 
the day and then analysing the shadow movement to determine the shape of the gnomon (the part of 
a sundial that casts the shadow). 
 
Artificial Re-lighting 
Once the surface shape of the object in the photos is known, a variety of mathematics can be applied 
to the image to make the object features easier to see. Perhaps most useful is the ability to virtually 
re-light objects from different lighting angles to bring out different features. The objects can also be 
rendered so that they appear shinier or more reflective (by adding synthetic specular highlights) which 
enhances the perception of their three-dimensional form. 
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 Appendix B:  Large photos & RTI images of Izapan stelae 

 
This appendix includes further photos and RTI files which were too large to conveniently include in the 
body of the report. 
 
 
 
 

 
Figure 48 – 1965 Photograph of Stela 5 (Courtesy of V. Garth Norman c.f. Norman, 2012b:11) 
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Figure 49 – Stela 5 photo with line tracing (Norman, 1973) 
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 Figure 50 – Stela 5 photo (2012) by author using raking light from an external flash 
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Figure 51 – 2nd order polynomial RTI image of Stela 5 with lighting from right side 
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Figure 52 – 2nd order polynomial RTI image of Stela 5 with lighting from just left of centre 
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Figure 53 – RTI image of Stela 5 with left side showing specular enhanced and right side in default (ambient lighting) 
rendering modes 
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Figure 54 – RTI image of Stela 5 with left side showing specular highlights only (without colour), middle showing 
specular enhanced colour and right side in default (ambient lighting) rendering modes 
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Figure 55 – RTI image of Stela 4 showing ambient lighting on left side & specular enhanced rendering on right side 
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 Appendix C:  Accounting statement 

 
  

Forecast totals: 780£                       168£     862£           534£        0

Activity Accommodation Flight

Doc. # Date Local currency
 

currency GBP GBP
 

currency GBP
 

currency GBP
Fri 03-Aug-12 Petrol for return journey to airport (no receipt) 37.08£    

1 Fri 03-Aug-12 Depart from Heathrow 1,006.59£  
2 Sat 04-Aug-12 Visit to Dallas Museum of Art to check out Maya sculpture 9.00$        5.74£          

Sun 05-Aug-12 Convert images to 3D & travel to Austin
Mon 06-Aug-12 Uni of Texas at Austin: 3D model/print & Mesoamerican sculpture

3 Tue 07-Aug-12 UT Library w/Mesoamerican sculpture & Mexi-Arte Museum 4.00$        2.55£          
4 Internet charge 4.32$        2.76£          
5 Travel between museum and airport 75.00$           47.85£    
6 Wed 08-Aug-12 Training for camera technique 99.00$      63.17£        
7 Travel to Guatemala City 240.70£     
8 meal at airport 28.00Q    2.31£    
9 Thu 09-Aug-12 Visit Kaminaljuyu 50.00Q    4.13£          
10 Commission fee for withdrawing money (Q 2,000) 27.22Q    2.25£          

ATM withdrawal fee 5.00$        3.19£          
11 Visit Relief Map of Guatemala (& Antigua) 25.00Q    2.07£          
12 Fri 10-Aug-12 Visit Atitlan & each lunch in Quetzaltenango 31.00Q    2.56£    
13 Commission to withdraw money for the guide (Q 800) 27.22Q    2.25£          

ATM withdrawal fee 5.00$        3.19£          
14 Pay for accommodation & travel in Guatemala (Neat Tours) 2,500.00Q   206.62£  
15 Pay deposit for incidentals at hotel (P 7,500)

Sat 11-Aug-12 Visit to 3D capture/photograph Izapa
16 Commission to withdraw money (P 1,500 ) 31.08P     1.51£          

Buy water (no receipt) 20.00P    0.97£    
17 Lunch 23.40P    1.14£    

Rent studio lights for photographing Stela 5 (no receipt) 50.00P     2.43£          
Sun 12-Aug-12 Photograph Sunrise at Izapa Plaza B

Learn about local beliefs and give lecture in evening
Mon 13-Aug-12 Izapa sacred sunrise from hotel roof

Zenith celebration
Tip at restaurant (no receipt) 20.00P    0.97£    
ATM withdrawal fee 5.00$        3.19£          
Evening lecture at the planetarium

Tue 14-Aug-12 Morning sunrise photos from Plaza B
Radio interview with Radio Nucleo
Lunch at local place (no receipt) 187.00P  9.10£    

18 Tapachula Museum 35.00P    1.70£    
Dinner/snacks/etc. (no receipt) 62.00P    3.02£    

Wed 15-Aug-12 RTI/Scanning day at Izapa (Stela 5) & walk around Plaza F 60.00P    2.92£    
Dinner/snacks/etc. (no receipt) 39.00P    1.90£    

16-Aug-12 RTI/Scanning at Izapa (Stela 4 & 5)
19 Hotel in Tapachula 2,712.03P             
20 Thu Izapa/fly to Mexico City 146.22£     
21 Taxi to hotel 195.00P        9.49£      

Propina (no receipt) 20.00P          0.97£      
Dinner (no receipt) 220.00P  10.71£ 

22 Fri 17-Aug-12 Breakfast 164.00P  7.98£    
22b Hotel in Mexico City (Casa Inn Business Hotel) 1,037.48P             

Travel to National Museum of Anthropology (no receipt) 20.00P          0.97£      
Taxi from Museum to airport  (no receipt) 200.00P        9.73£      
Taxi from Museum to airport (2nd part paid in USD)  (no receipt) 10.00$           6.38£      

23 Lunch in airport 18.00$     11.48£ 
24 Return flight 273.80£     

Petrol for return journey from airport (no receipt) 37.08£    
25 Fri 19-Oct-12 Bus to British Museum to check Middle Eastern measurements 12.50£    

Local currency total (Accommodation & Flights 3,749.51P             - - -
Conversion to (or total) GBP 182.49£                 56.78£ 1,667.31£ 368.69£ 98.43£       

% expenditure against forecast 23% 34% 193% 69% n/a

Conversion to GBP (as per rates on Google, 12 Aug 2012) Total reimbursable expenditure:
1.00£          GBP Total grant:
1.57$           USD

12.10Q       Quetzal (GTQ); adjusted from 12.12 as per credit card statement
20.55P        Mexican Pesos (MXN)

Additional contributions:
Excess travel spend beyond grant (author's personal contribution )

Photogrammetry & equipment, etc. (author's personal contribution )
Value of V. Garth Norman's time:
Total estimated value of project:

Accounting Statement for Lord Rootes Memorial Award 2012:

Were the Mayans Mormon? By Jason Jones

Subsistence Ground travel Fees

1,284.37£          
1,552.00£          
5,210.07£          

2,373.69£      
2,344.00£      

29.69£               
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	The indigenous origin of people native to the Americas has been the subject of wide debate. At the heart of the dispute is whether trans-oceanic migration was possible before Columbus or whether all migration prior to 1492 was limited to land travel (such as via an ice bridge across the Bering Strait).
	One of the most detailed ancient accounts of trans-oceanic voyages to America is contained in The Book of Mormon; however, it is often discounted by scholars because after it was unearthed in upstate New York, USA, in 1827, Joseph Smith, Jr. claimed divine help in translating the book which was published in 1830 (Norman, 2003, 2012a).
	Izapa (Mexico) has been identified as the pre-classic Mayan “Mecca” for religious activity from 500 B.C. to 100 A.D. (Norman, 2012b:25), and some researchers have identified potential “Mormon” influences there (Jakeman, 1953, 1958, Norman, 1985, 2008, 2012a). Unfortunately much of the detail carved on the stone monuments at Izapa has been damaged and erased by weathering, leaving scholars with limited material for further evaluation resulting in debate over any evidence of interaction with the Middle East or the people written about by Mormon (Brewer, 1999).
	This research was undertaken in cooperation with archaeologist V. Garth Norman who has been researching Izapa for half a century. With his support, access to Izapa was facilitated for advanced imaging and measurement to try and elucidate detail in the deteriorated carvings. The method and findings of this pilot study together with the implications of what was found are reported herein.
	The Book of Mormon was named after its principle author Mormon, who was an American prophet-historian. He asserts that his progenitors left from Jerusalem in 600 B.C. just prior to the destruction of the Temple of Solomon. The record tells that they built a ship and sailed from the Arabian Peninsula to the Americas (Figure 1 left). In the New World they divided into two nations. One nation kept the Law of Moses and built a temple which “was like unto the temple of Solomon” (Figure 1 middle) (Mormon, 1988:2 Nephi 5:16). Eventually they embraced an early form of Christianity and worshiped until 421 A.D., when they were conquered by the other nation which had discontinued Judeo-Christian practices and appears to have assimilated with the native culture. The conquering nation has been considered by some to be among the ancestors of the American Indians (Mormon, 1988:Introduction).
	/
	Figure 1 – Painting of a trans-oceanic voyage to America by Arnold Friberg (left); Temple of Solomon (upper right) (Pratt et al., 2008); Painting of people worshiping Christ at a temple in America by John Scott (lower right)
	Assuming Mormon’s record is correct, the existence of these nations correlate to pre-classic and early classic Mayan times (Norman, 2008). Therefore, the archaeological record of their New World temple(s) and worship practices would theoretically show elements in common with Jerusalem temple practices and evidence of influence from the Middle East. The presence or absence of these similarities is one way to vet the claim of a millennia of temple worship. This evidence will serve to strengthen or diminish the body of evidence that early Mayans were influenced partially or primarily from at least one of the nations of which Mormon writes.
	Izapa, Mexico was the Mayan “Mecca” for religious activity from 500 B.C. to 100 A.D. (Figure 2) which corresponds to Book of Mormon times and location (Sorenson, 1985, Norman, 2008). Furthermore, various researchers have identified potential Middle Eastern and/or “Mormon” influences there (Jakeman, 1953, 1958, Norman, 1976, 2008, 2012b). Contrary to virtually all archaeological sites of the same period and vicinity (i.e. Kaminaljuyu), Izapa was never destroyed or substantially built over. Furthermore, nearly all of its 140+ carved stone monuments have been found in their original placements. For these reasons, “Izapa is unsurpassed in what it can teach us” about formative Mayan times and culture according to Norman (2012c).
	//
	Figure 2 – Satellite image showing location of Izapa, Mexico (left); Model of Izapa temple complex (right)
	Unfortunately, scholarship on Izapa has been impeded by limited access and the deteriorating condition of the monuments due to insufficient protection from the elements and vandalism. Norman has personally witnessed the decline since he produced and published the official drawings of the stelae for the New World Archaeological Foundation excavations at Izapa (Norman, 1973, 1976). Since their excavation, the shallow relief carvings at Izapa deteriorate a little more each season, gradually erasing this precious record.
	Although more needs to be done to halt the deterioration, the poor condition and faint carvings pose a dilemma for researchers who strive to decipher their meanings. Indeed, justifying their importance is a prerequisite for attracting the investment needed to ensure their preservation.
	In the short term, digital capture and preservation methods may now be the only way to discover carved relief originally apparent in the stonework which are now virtually undecipherable. Digitisation of these monuments would also facilitate off-site virtual access and scholarship preserving them for future research and heritage before they deteriorate any further.
	To date, 3D laser scanning has not been allowed at Izapa. Since photography is permitted, camera based 3D capture techniques called photogrammetry were undertaken at Izapa.
	This study aimed to improve our understanding of ancient American and Middle Eastern interaction and, specifically, to examine/validate possible evidence to answer if early Mayans were influenced by, assimilated with, or even descended from the nations written about by Mormon.
	Objectives:
	 Demonstrate multiple digital preservation techniques for at least one of the carved stelae (preferably Stela 5) as a pilot study to pave the way for all of the significant carvings to be digitized in the future
	 Examine and document any evidence of transoceanic contacts and temple worship at Izapa, Mexico
	 Identify potential similarities with temple worship in Jerusalem and the Middle East generally
	 Draw conclusions about whether:
	o Elements of Middle Eastern temple worship are evident in Mesoamerica
	o Whether such evidence (if any) plausibly could have been transmitted by Mormons to pre-classic Mayan culture
	This report is divided into three parts focusing on the:
	1) research journey and personal development derived therefrom -
	This is included in response to the emphasis in the report guidelines on highlighting personal development gained through overcoming challenges. 
	2) conditions at Izapa and the digital imaging techniques for virtual preservation -
	This focuses on clarifying the content of the shallow relief carvings, in spite of their conditions. 
	3) evidence of Middle Eastern and Mormon influences -
	This part discusses the interpretation and implications of the carved details clarified in part two.
	Further explanation of the photographic techniques with images and an accounting statement are included in the appendices.
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	As encouraged by the guidelines for this report, this section overviews the research collection travels and the developmental journey supported by this award.
	Since one of the primary objectives of the Lord Rootes Memorial Fund is to promote personal development, this chapter provides an overview of my preparations and travels highlighting personal development through overcoming challenges as they arose.
	Exploring possibilities
	This funding opportunity was originally brought to my attention by my PhD supervisor, Dr. Greg J. Gibbons, who encouraged me to apply for funding in order to be able to attend a conference. After attending a briefing explaining the purpose of Lord Rootes Memorial Fund, it became apparent that conference attendance was not an appropriate activity for this fund (I arranged to fund it another way). Even though it was not helpful for the conference, I kept thinking about the possibilities that it could open up, bearing in mind that it needed to provide personal development in an area completely unrequired for my PhD research.
	In particular, I thought about a potential opportunity to learn more about the archaeology of Central America. Archaeologist V. Garth Norman and I met in Jerusalem in early 2008 through my on-going service as co-chairman of the Jerusalem Temple and Gethsemane project. While he and I collaborated on some research conducted in Jerusalem (Pratt et al., 2008) I learned about his lifelong research at Izapa, Mexico. When he learned of my technical skills, he asked me if 3D scanning had the potential to reveal low relief details which had largely been erased by weathering. At that time, I was not satisfied that the laser-based 3D scanning techniques I used would work. While contemplating submitting an application I did some preliminary research on recent improvements to 3D capture techniques. After some encouragement from my wife, I made contact with Norman explaining the potential of a new method of scanning using digital photography. If my application was accepted I asked if I might accompany him on an upcoming research visit to Izapa to see the temple complex and stelae there and test this new technique, to which he graciously agreed.
	Applying and Interviewing
	The challenges for this research began even before I was granted the award because I was unwell the day leading up to my scheduled interview with the selection committee in February 2012. The morning of my interview I was scarcely able to get out of bed and drive to the university to present my research proposal. Reflecting on that experience, I do not know if the selection committee could tell I had not been well for several days, but I remember physically fighting how I was feeling in order to focus on the interview. In particular, I remember that there was a sense of nervousness about the potential Mormon connection of the proposed research. The question was raised why I didn't focus on the need for preservation at this site rather than any connection with the Mormons. Although the preservation aspects alone have great merit, my interest was to explore the validity of claims which I had heard, but did not know enough about in order to form an educated opinion. Furthermore, the potential Mormon connection was not intended to be used disrespectfully. After all, if a contender for the highest grossing Broadway musical of 2012 can use the title, "The Book of Mormon," in spite of the exaggerations and misdirection it entails, why should research investigating a fundamental claim of the book attract undue criticism?
	Travel Arrangements
	When estimating costs on my the application, I noted that the proposed timeframe for the research travels was subject to the availability of archaeologist V Garth Norman, never anticipating that I would be traveling during the Summer Olympics. After the award was granted, I learned that I was invited to accompany archaeologist Norman on a visit to Izapa to observe the sacred Zenith sunrise, the most sacred day in the Mayan calendar, on… 13 August 2012. Despite the impact this would have on flight costs, I was determined not to let this stop the research. Anxious to find the best deal on flights that I could, I booked my flight in advance for the cheapest and least flexible fare that I could find (which was still approximately double what I had budgeted for). Norman's responsibilities obliged him to rearrange his travel at short notice to be at Izapa on the summer solstice in June. When we spoke about the possibility for me to pull my travel plans forward to match his, I was not able to because I had already bought my flights. It looked unlikely that he would be able to justify a return trip to Izapa less than two months later. I began exploring ways to go on my own, trying to coax my brother or father to accompany me to avoid the risks of traveling alone in Central America. In the meantime, Garth was invited to present his lifelong research at the National Museum of Anthropology in Mexico City which made a trip in August justifiable. Accompanying him to Mexico was infinitely more useful and productive than without him. Additionally, he was offered a discount at the hotel where we stayed near Izapa, which he kindly shared with me, enabling me to make up some of the shortfall in the budget due to expensive flights.
	Camera equipment
	Although there was good will to loan me the photogrammetry kit I required from a local university, as my itinerary grew longer it became problematic. After exploring some other options, I decided that the only way to proceed with this research was to purchase the minimum required equipment personally.
	Concerns regarding the robustness of the selected photogrammetry techniques
	One of the primary concerns with the photogrammetry techniques selected was whether or not they would be viable in a field archaeology study or if they would require the control of a museum setting. In order to validate the capture techniques in a more controlled environment, it was decided to test them on monuments in museum collections first. I was able to have a layover in Dallas, Texas, which enabled me to visit the Dallas Museum of Art which has some Mayan sculpture in its permanent collection and was also hosting a special exhibition, which I attended, called, “The Legacy of the Plumed Serpent in Ancient Mexico.” I was able to take photographs for photogrammetry on two low relief sculptures in the museum. Additionally, I visited the Mexic-Arte Museum and the University of Texas, both in Austin. Outside one of the university buildings is a replica of a large carved head (Monument 1 from San Lorenzo, Veracruz, Mexico), which I was able to capture at leisure, which helped me refine my capture technique for outdoors in preparation for fieldwork in Central America.
	Guatemala
	I met V. Garth and Cheryl (his wife) Norman at the airport in Guatemala City. There we were able to visit the ancient site of Kaminaljuyu, where the same cultural influence is evident as at Izapa (Figure 3). Contrary to Izapa, continual inhabitation has covered over the majority of the archaeology. According to Norman, there was clearly an alliance between these two sites (Norman, 2012b:4) and a migration to Izapa as its importance rose around 500 B.C. 
	//
	Figure 3 – Izapan style base panel on Stela 26, Kaminaljuyu, Guatemala City (left); Lake Atitlan (right)
	We then made the breath taking drive through the Guatemalan highlands, stopping briefly at Lake Atitlan (Figure 3) where underwater excavations have found a city which may have been contemporary with Izapa and Kaminaljuyu but sunk into the lake.
	Crossing the border from Guatemala into Mexico was challenging for two reasons. First, there was flooding in the streets due to a tropical storm (Figure 4 left). We drove through many flooded streets and negotiated multiple situations where standing water and rain imposed added challenges (Figure 4 right). Second, the Normans passports had not been stamped the last time they left Guatemala and so border control wanted to charge them 5,000 Quetzals each. After some lengthy discussions, they were permitted to exit Guatemala without having to pay the fine.
	//
	Figure 4 – Driving through flooded streets near Guatemala-Mexico border (left); Author in rain, Izapa Group F (right)
	Advanced Imaging at Izapa
	These paragraphs give the background to the technical work described in § 4.1. The morning that we had planned our first trial using advanced imaging (Reflectance Transformation Imaging) we found out that there were permit issues. Although a permit had been requested and granted, it did not explicitly allow the use of professional lighting. We went forward with our plan, hoping for the best. On the car ride from our hotel to Izapa I read the user manual on how to trigger my external flash remotely in case we were not able to use professional lighting. Upon arrival at Izapa, the caretaker was unavailable and the person left in charge was not able to allow us to enter with professional lighting. We were allowed to enter on foot which was the first time I saw Stela 5. 
	As we stood in front of Stela 5 and discussed what to do, I realized that all of my preparations were hanging in the balance. I knew that I had not travelled 5,000 miles to miss my opportunity to photograph Stela 5 so we decided to try it using my handheld external flash (which I had triggered for the first time in the car ride). We worked quickly to set up my computer and camera and used the external flash mounted on a monopod so that we could hold it and move it around to get the changes in lighting needed from outside the chicken wire enclosure. While we were setting up, two dogs ran toward us barking loudly. With nowhere to run, I braced myself to be bitten, but they stopped and sniffed me and then entered the garden of a home near Stela 5 (Figure 13 left). Just as we all were ready to begin, a loud crack of thunder shook the ground and large drops of rain began to fall. We frantically moved all of the equipment underneath the flimsy roof protecting the monument. We began our capture sequence and the rain became heavier and the sky darker. With the increasing intensity of the rain, droplets of water and mud were splashing up onto my computer keyboard and screen. 
	I was on the verge of abandoning the capture sequence, in the interest of preventing damage to my computer, when our guide appeared with a very large umbrella. I was extremely grateful and, even though the handle was broken, I managed to hold it over my camera and laptop with one hand while operating my computer with the other for the remaining 30 to 40 minutes of our capture sequence. Norman showed great agility moving the flash around to different positions as we refined our technique. We finished after just less than one hour, and despite the less than ideal conditions, we were successful on our first attempt. This was fortuitous because we were not able to arrange access for further capture sequences until the day before we departed the Izapa area. Had we not been able to do it that first day, the motivation and interest in testing the technique may have been exhausted before we had another opportunity. Fortunately, the first results provided compelling motivation to arrange for further capture sessions.
	The Activities in Mexico
	Our week in Izapa went very quickly and was filled with preparations for and celebrations of the Zenith sacred sun passage on 13 August 2012. V Garth Norman gave multiple lectures, a TV interview, and a one-hour radio interview on which I was invited to speak in Spanish. It was a good thing I had several days to remember/practice Spanish prior to the interview.
	Following my travels, there was a substantial amount of photographic processing to complete the RTI & photogrammetry captures. V. Garth Norman also invited me to submit RTI and conventional images for publication in his most recent book: Izapa Sacred Space: Sculpture Calendar Codex, published in October.
	I also made a visit to the British Museum to have some measurement data of sculpture from the Middle East to compare with what was collected in Central America. I have also given a presentation over viewing the research undertaken and also created a 3D printed replica of Stela 5 using the data collected.
	This research opportunity has contributed to my personal development in the following ways:
	 Be inspired by the lifelong work of archaeologist V. Garth Norman
	 Hone my skills for applying for funding and give me a track record
	 Have a more well-rounded education by balancing out my science and technology focus with some history, archaeology, language & culture
	 Be able to remember/use/ practice Spanish which I studied for 3+ years over a decade ago
	 Solidified my working relationship with archaeologist V. Garth Norman and also afforded me the opportunity to meet several of his peers and supporters
	 Gave me the impetus to update my skills/knowledge on 3D capture and expand further into non-laser based 3D scanning to self-train in photogrammetry and RTI methods.
	 Develop a new skill of RTI digitalization, which I have never done before
	 Opportunity to see the sculpture at Izapa before they degrade any further and test the viability of digital preservation techniques 
	 Be in a unique position to reproduce digitized stelae by 3D printing technologies
	 See first-hand the attitude and superstition of local Mexican people in 2012 which marks the end of the fifth world age according to the Mayan long count calendar
	 Expand my awareness of Jerusalem-focused archaeology (developed largely from my term as co-chairman of the Jerusalem Temple and Gethsemane Project) to be able to appreciate Izapan archaeology and its context in Central America
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	The history of Izapa is unique among its pre-classic Mayan contemporaries because it faded in its importance and avoided the destruction of war or continuous inhabitation. This has allowed nearly all of its carved stone monuments to be found in their original locations. For this reason, Izapa has been described as “unsurpassed in what it can teach us” (Norman, 2012c). It also provides a strong impetus to preserve the monuments physically and record them virtually.
	The preservation effort is directly linked to the ability to decipher the content of the carved bas reliefs and correctly interpret it. As the condition of the monuments has deteriorated the claims of what is recorded there have promulgated. The debate over what was carved makes establishing their content with clarity a prerequisite to correctly interpreting them.
	This chapter recaps the conditions at Izapa since its discovery and highlights the consequent research challenges.
	After their discovery in the early 1940’s by Matthew Stirling, many of the monuments at Izapa weathered for approximately 20 years without any protection. In the 1960’s, The New World Archeology Foundation (NWAF) of Brigham Young University, Provo, UT, USA, raised fallen monuments upright (preserving their original location). Shortly thereafter, grass roofs were erected over significant monuments as shown in Figure 5 (Nuckolls, 2008). Of particular note is the condition of Stela 5 which is the most detailed carving of the site (see also Figure 48). When it was discovered there were signs of ancient vandalism and the stela was left lying on its back where the elements took a toll on the upward facing carved face. The entire stela was stolen from the site with the intention of cutting it up and selling it. However, authorities intervened and it was returned to its original location but suffered some additional scarring from its treatment.
	/
	Figure 5 – Izapa Stela 5 in the 1960’s with grass roof covering (Courtesy of V. Garth Norman)
	Izapa simultaneously suffers from the effects of being overgrown with lowland jungle (Figure 6), and covered over by local construction (Figure 13 left) and agriculture from the expanding population. Figure 7 shows a topographic map of the area which was anciently Izapa overlaid on a satellite image from Google Earth.  The topographic map shows the location of pyramids which now are virtually completely covered with overgrowth except for some which are planted with corn and other agricultural plants. Note how a modern road now divides the southern part of Izapa from the northern part.
	/
	Figure 6 – Searching for stone monuments in the jungle which now covers much of Izapa
	/
	Figure 7 – Topographic map of Izapa overlaid on top of Google Earth satellite imagery
	//
	Figure 8 – Protective roofs over the stelae in Group B (left) and protection for Stela 67 in Group F (right)
	The grass roofs have been replaced with more modern alternatives (Figure 8 left) providing an improved measure of protection against direct exposure to sunlight and rain. Each monument is also enclosed with chicken wire topped with barbed wire (Figure 8 right) to discourage people and animals from getting too close.
	/
	Figure 9 – Current condition of Stela 5
	Despite the improvements to monument protection over the recent decades, the monuments still suffer from seasonal changes in temperature and humidity, varying degrees of getting wet (Figure 8 right) and muddy when it rains, and bird droppings (notice the white spot on the right half of Stela 5 in Figure 9). Tragically, the cumulative result of the conditions since discovery has left some of the more shallow details in the stelae difficult to decipher. Ideally, the more important monuments, particularly Stela 5, would benefit from the protection of being in a museum. (Or in the words of Indiana Jones and V. Garth Norman, “It belongs in a museum!”)
	The condition of the monuments has resulted in substantial challenges in building a consensus as to what was carved on the monuments, which further complicates interpreting them. Obviously, where the condition of the stelae is poorest, there is the greatest ambiguity. The focus of this pilot study was directed primarily at Stela 5 because it is the most ambitious of the carvings and, according to  Norman, it is the unifying monument which is key to deciphering the entire site of Izapa (Norman, 2012b:87). Its significance, in combination with large areas of weathered detail, made it the ideal candidate for demonstrating the difficulty of low relief carving study (and the best candidate for evaluating new imaging methods). Furthermore, over 150 discrepancies have been catalogued between early drawings and the 1999 re-drawings (Norman, 2012b p.6). Stela 5, with people for a size reference, is shown in Figure 10 (left) and the level of detail visible at a casual viewing distance Figure 10 (right). Figures 11 & 12 show detail measurements of the main deity depicted on the right side of the tree at closer proximity.
	//
	Figure 10 – From the left, Rigoberto Perez (caretaker of Group A), author, Silvano Perez (former caretaker), & V. Garth Norman in front of Stela 5 (left);  Stela 5 details difficult to see, with a tape measure for size reference (right)
	/
	Figure 11 – Measuring the upper foot of the God of the tree on Stela 5
	/
	Figure 12 – Measuring the upper foot of the God of the tree on Stela 5 (close up)
	As shown in Figures 10-12, it is very difficult to clearly illustrate measurements even close up with or without a flash. For that reason, meanings at Izapa are most often discussed using artistic illustration which always has an element of subjectivity. Studying photos with the aid of artistic illustration is helpful to improve identification of features, but it still is not easy or devoid of subjectivity. Ironically, in this case, comparing the location of the white bird droppings with other images helps to establish which features are being measured, for example see Figure 30. (Normally referring to excrement to establish credibility in research is not recommended.)
	Owing to the condition of the monuments as described above, the objectives of the advanced imaging techniques used were primarily to capture remaining details on the stelae and facilitate their documentation with less subjectivity than prior approaches.
	Two techniques were used for capture and visualization as described below. Furthermore, the data was also combined and visualized on screen (using 3D software) and physically (by 3D printing).
	The images of the carved stelae from Izapa in this section were created using advanced imaging techniques in order to capture their surface shape in addition to colour information. To do this, a series of digital SLR camera photos (shot with F-stop 22, 1/50 sec. exposure and ISO 400 using an 18 megapixel Rebel T4i, Canon, Japan), with lighting from different directions, was analysed and merged together using computer software to generate the images shown in Figures 16-19. The authors used the highlight image capture method for Reflectance Transformation Imaging (RTI) and Polynomial Texture Mapping (PTM) as developed by Cultural Heritage Imaging of San Francisco, CA, USA, www.culturalheritageimaging.org and Thomas Malzbender et al. of Hewlett-Packard Laboratories, Palo Alto, CA, USA, respectively. For a full page explanation including analogies to aid understanding of this process see  Appendix A: Explanation of RTI. This technique has been widely adopted for archaeology (Happa et al., 2010, Earl et al., 2010a, 2011, Piquette, 2011, Schroer, 2012).
	Due to the size of the monuments (largest dimensions of approximately 2 m), it was questionable whether a camera flash would illuminate the surfaces completely and uniformly. Therefore, a professional lighting company was hired to help light the monument for ideal photographic conditions. Although a permit had been granted for various activities the week of our visit in August, the use of professional lighting had not been explicitly included. For that reason, its use was not permitted so all images taken in this study were done using a handheld flash. It is hoped that the positive results of this pilot study will pave the way toward further imaging including the use of professional lighting.
	Furthermore, due to the location of the posts and chicken wire enclosures (Figure 13 left), it was not always possible to achieve the recommended standoff distance or spacing for the light source. The shallow relief was more evident when lit with a small rake angle as in Figure 14 right (where light is projected at an angle close to parallel to the surface) so most images were taken with smaller rake angles and fewer images as the rake angle increased toward a normal incidence on the surface.
	//
	Figure 13 – Stela 5 with nearby house (left); V. Garth Norman & author lean on chicken-wire enclosure, Stela 4 (right)
	//
	Figure 14 – Setup for RTI imaging of Stela 5 (left) image of Stela 5 lit with a small rake angle captured for RTI processing (right)
	Once a series of images had been taken from many directions and rake angles (Figure 15) the images were processed using v2.02 of the RTIBuilder software to calculate the surface texture and produce the RTI and Polynomial Texture Map (PTM) files (Figure 16).
	/
	Figure 15 – Series of Stela 5 images captured using the highlight method for RTI processing
	/
	Figure 16 – Result of RTI for Stela 5, shown in specular enhancement rendering mode.
	Since the RTI files store a mathematical description of the surface shape (using surface normals expressed as polynomial equations) and colours, objects can be shown with or without colour and the surface can be made to appear more reflective to enhance the perception of texture (Figure 17).
	//
	Figure 17 – Side by side comparison of RTI for lower left details of Stela 5, shown in default (left) and specular enhancement (right) rendering modes.
	/
	Figure 18 – RTI image of Stela 5 (left) with left half shown in specular enhanced and right half in default rendering modes; Line drawing (right) of Stela 5 (Norman, 2012b: 106)
	Figures 16-19 (for larger images see Figures 53-55 in Appendix B: ) show the advantage of RTI images over traditional photography. The clarity of detail imparted by these images encapsulates the value of this entire research project. The camera resolution and scale of the subject enabled this technique to resolved surface detail smaller than 200 µm (approximately the height of 2 or 3 human hairs). By applying this method to the shallow relief carving at Izapa, it is now possible to validate the work of archaeologist V. Garth Norman with a documented audit trail, which up to this point has been reliant on more subjective illustration means (such as artistic redrawings Figure 18 right). This clear documentation increases the credibility and impact of his work by substantiating the accuracy of his drawings.
	// 
	Figure 19 – Side by side comparison of RTI for lower right details of Stela 5, shown in default (left) and weak specular enhancement (right) rendering modes.
	This technique was also useful in combination with conventional photography for documenting measurements of features in hard to see detail as shown in Figure 30. Archaeologist V. Garth Norman’s assessment of the technology in comparison with his early photos and drawings was that it was possible to, “see the same details that are apparent in the 1941 Stirling photos” (Norman, 2012b:6). Norman also states that it will now be possible to “resolve questions of accuracy” raised by other researchers (as discussed in §6.3) because RTI results in “a complete record file for inspection and peer review” (Norman, 2012b:6). To Norman and the author’s knowledge, this was the first time RTI techniques were used to study Mesoamerican bas-relief sculpture (Norman, 2012b:6).
	Access to the stelae at Izapa provided an opportunity to also take photos for conventional photogrammetry. A series of images was taken of approximately 20 stelae where the lighting conditions remain the same throughout the shoot and the position of the camera was moved around the subject (see white camera symbols in Figure 20). The photos were then merged into a single three-dimensional model using the public beta version of Autodesk 123D Catch software (Figure 20).
	/
	Figure 20 – Screenshot from Autodesk 123D Catch showing 3D shape of Stela 5 and camera capture positions
	The photogrammetry resulted in three-dimensional models which are useful for showing the overall three-dimensional shape of the surface and also illustrate carving detail which can be seen in diffuse lighting conditions. The future intention for this technique is for clear 3D illustration of measurements.
	Since the resolution afforded by the 123D Catch software was not capable of resolving the very shallow texture details to the degree that the RTI technique did, and the RTI data was not able to accurately produce overall 3D surface shape (MacDonald and Robson, 2010, MacDonald, 2011), combining these two techniques was desirable.
	/   /
	Figure 21 – Conceptual desire: combine the strengths of photogrammetry (left) with RTI (right)
	In order to combine the information from these two techniques a 3D mesh (OBJ file) was exported from 123D Catch and a JPEG image of Stela 5 shown with specular enhanced highlights was exported from the RTI viewer software. Patches of the texture bitmap created for the OBJ were then manually replaced with corresponding portions of the JPEG image using v12.1 of Adobe Photoshop. Distortions to the RTI image were approximated by eye during the replacement process in order to result in an orthorectified texture for the OBJ. The OBJ (with texture bitmap images) was then imported into version 17.0 (x64) of Materialise Magics software and merged with a rectangular backing (Figure 22). This combination of information for both photogrammetry and RTI enabled the visualization of shallow relief detail in a 3D context. Only partially mapping the image allowed comparison of detail perception using only the colour captured by photogrammetry in diffuse lighting compared to the silvery RTI replaced areas. Figure 23 shows how the RTI overlay exceeded the resolution of the 3D triangular mesh data.
	/
	Figure 22 – Screenshot of 3D model of Stela 5 with colour patches from specular enhanced RTI image mapped onto it
	/
	Figure 23 – Screenshot showing Stela 5 with RTI replaced colour patches at a higher resolution than the triangle mesh
	All of the 3D modelling described in the preceding sections enabled the 3D printing of a physical replica model of Stela 5 (Figure 24) using a ZPrinter 650 (Z Corporation, Burlington, MA, USA). Unfortunately, there was a malfunction on the colour printing head so the model was produced in blue and white plaster rather than the intended colour.
	Further work will include a full colour print at larger scale.
	Figure 24 – 3D printed replica of Stela 5
	As shown in this second part of the report, the wealth of art and cultural history left by the Izapans is underappreciated to date because of its poor condition and the difficulty of reducing subjectivity from illustrations. The advanced imaging techniques discussed here have the capability to elucidate the content of the engravings with reduced subjectivity thereby enabling scholarship to focus on interpreting their significance.
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	The Book of Mormon records the trans-oceanic migration of Jews and Israelites from Jerusalem who permanently settled in America and eventually embraced an early form of Christianity.
	Building on the methods reported in part two for establishing what is recorded at Izapa, Mexico, this part considers their interpretation and evidence arising of Middle Eastern, Jewish, and Christian influence on religious temples and worship practices at Izapa. These influences, in combination, constitute a body of evidence which can arguably be considered “Mormon” influence.
	This chapter considers evidence of influence from foreign cultures, especially from the Middle East, on the art history of Izapa.
	Perhaps the most obvious question raised by the Book of Mormon is whether trans-oceanic contact or migration occurred prior to Columbus.
	The Book of Mormon asserts that multiple groups of people travelled by boat to the American continent. The most detailed account is that of several families led by Lehi as recorded by his son Nephi who departed shortly before the Babylonian capture of Jerusalem in 587 B.C. Selected excerpts from his writing in the Book of Mormon outline the journey as follows.
	 “[Lehi]… took nothing with him, save it were his family, and provisions, and tents, and departed into the wilderness. And he came down by the borders near the shore of the Red Sea (Book of Mormon | 1 Nephi 2:4 - 5)
	  “AND it came to pass that we did again take our journey in the wilderness; and we did travel nearly eastward from that time forth… And it came to pass that we did pitch our tents by the seashore;” (Book of Mormon | 1 Nephi 17:1,6)
	 Nephi then set about to “make tools to construct the ship” (Book of Mormon | 1 Nephi 17:9)
	 He explains that, “we did work timbers of curious workmanship” until he writes that, “I had finished the ship.” (Book of Mormon | 1 Nephi 18:1,4)
	 Their departure is recorded, “And it came to pass after we had all gone down into the ship, and had taken with us our provisions and things which had been commanded us, we did put forth into the sea and were driven forth before the wind towards the promised land.” (Book of Mormon | 1 Nephi 18:8)
	 “…after we had sailed for the space of many days we did arrive at the promised land; and we went forth upon the land, and did pitch our tents; and we did call it the promised land. And it came to pass that we did begin to till the earth, and we began to plant seeds; yea, we did put all our seeds into the earth, which we had brought from the land of Jerusalem.  And it came to pass that they did grow exceedingly; wherefore, we were blessed in abundance. (Book of Mormon | 1 Nephi 18:23 - 24)
	 Retrospectively, the site of their landing was called, “the place of their fathers' first inheritance” which is located, “on the west in the land of Nephi… and thus bordering along by the seashore.” (Book of Mormon | Alma 22:28)
	Several additional references to Jerusalem being the origin of the people and their transoceanic migration are included below:
	 Anticipating the time when his posterity would read the record he was making, one author in the Book of Mormon explains, “…then shall the remnant of our seed know concerning us, how that we came out from Jerusalem, and that they are descendants of the Jews.” (Book of Mormon | 2 Nephi 30:4, emphasis added) 
	 Referring to the history of a people/tribe one author states, “…Mosiah discovered that the people of Zarahemla came out from Jerusalem at the time that Zedekiah, king of Judah, was carried away captive into Babylon. And they journeyed in the wilderness, and were brought by the hand of the Lord across the great waters, into the land where Mosiah discovered them; and they had dwelt there from that time forth. (Book of Mormon | Omni 1:15-16, emphasis added)
	 Several hundred years after their arrival to America, a king of the people, who had ceased worshiping after the Jews, was taught about God and he asked, “Is God that Great Spirit that brought our fathers out of the land of Jerusalem?” (Book of Mormon | Alma 22:9)
	Stela 67 (Figure 25) at Izapa depicts a bearded man in a boat on the water. The importance of this stela throughout the history of Izapa is evident because even when Izapa’s influence waned after 100 A.D. and there was a shift at Izapa to worship centred in the temple in northern group F, this stela was moved and built into the wall of the ceremonial ball court there (Norman, 2010).
	/ /
	Figure 25 – Stela 67, Izapa Group F, Bearded man in a boat potentially depicting a transoceanic journey; photo when wet by rain water (left), and line drawing overlaid on a photograph (right - Norman, 1973)
	The orientation of the waves of the water is noteworthy since the waves are upside down when compared to the orientation of the water on Stela 5 (Figure 16). This can be interpreted as a journey through the “underworld” however Norman (2012b) concurred with Recinos (1953:45) who identified it in the context of the native migration traditions as a journey “from the west, from across the sea.” Assuming the claim in the Book of Mormon is correct, the people would have known that the earth was round and the orientation of the waves may indicate that the journey was from the other side of the world. At the upper edge of the stela, the beginning of what looks like a repeat of the boat shape can be observed (although it is incomplete due to damage in antiquity). The orientation of the boat may reinforce the concept that the journey was from the other side of the world. Additionally, the items in the hands of the bearded figure have been identified as navigation instruments.
	According to Norman (2012b:158), the Maya refer to their original homeland as Tamoanchan which refers to “across the sea.” Especially when considering the prevalence of migration traditions, it is plausible that this is a depiction of Lehi journeying across the “great waters”, perhaps made by his descendants to celebrate one of his great life accomplishments. This figure also bears uncanny resemblance to the seated pointing figure on the bottom left-hand side of Stela 5 (Figure 17) and may, in fact, be the same person.
	Indigenous Maya typically have very little facial hair and are depicted without beards as on Stela 89 (Figure 26 left). For that reason, Mesoamerican carvings of men with beards have been identified as having “Semitic” features (Covarrubias, 1946) and have been labelled as being a “visitor” or “foreigner” by Proskouriakoff (1968). Norman (2005) has written that the bearded figures at Izapa (Figures 25 & 26) may represent a foreign cultural influence from the Middle East. Magleby (1979) studied over 230 depictions of bearded men in Mesoamerica and even noted the practice of appending false beards, a practice also known in ancient Egypt. 
	///
	Figure 26 – No beard on Stela 89 (left); Beards at Izapa: Detail of Stela 5 RTI (middle), Stela 11 (right)
	The existence of beards in Mesoamerican art history correlates with the arrival of groups of people as recorded in the Book of Mormon. The widespread existence of beards in the Middle East is known among multiple cultures. The Egyptian scribe Hunefer (Figure 27 left) depicts himself with a short beard and the god Osirus (seated), with the long ceremonial beard of the pharaoh, in his 1275 B.C. Book of the Dead as held by the British Museum. Furthermore, the British Museum’s Assyrian bas reliefs of the capture of Lachish in ~700 B.C. (Figure 27 right) depict both the Assyrian soldiers (wearing pointed helmets) and captured Jews with beards. This bas relief was made less than 100 years prior to the departure of Lehi and his family. The depictions of bearded “foreigners” at Izapa may be considered as evidence of foreign influence possibly from the Middle East as asserted by the Book of Mormon. 
	Although the author was not able to establish further evidence toward causation, the journeys recorded in the Book of Mormon stand as the most detailed explanation of how this trait was introduced to Mesoamerica (Figure 25). The history of the people’s destruction, as recorded by Mormon, and assimilation with indigenous people is also a plausible rationale for why it eventually disappeared.
	///
	Figure 27 – Short and long beard depicted in the Book of the Dead of Hunefer (left – photo by author with permission); Bearded Assyrian soldiers with bearded Jewish prisoners (right – photo by author with permission)
	Having verified the ability of the imaging techniques to elucidate difficult to see detail in the stelae surfaces; the focus expanded to verify the dimensions of the details which had been measured and artistically illustrated by V. Garth Norman, but not photographically documented.
	The use of standardized units such as meters and feet allows a society to communicate with each other. Which standard a society uses can also indicate their cultural heritage. For example, homes designed in the USA are typically measured in feet and inches, not meters. This section examines the standard unit systems used at Izapa and any inferences that can be made from them.
	In his most recent publication on Izapa, Norman (2012b) illustrates various measurements, primarily using line drawings sometimes overlaid on photographs. The first image with measurements (Norman, 2012b:11) uses increments of the “god foot” which is based on the length of the lifted foot of the largest figure on the right of the tree trunk (Figure 28). 
	Although the feature can be seen, and 12.4 cm measured in person, photographs documenting its length (Figure 29) are not easily discerned. Supplementing the image with RTI images of the same area (Figure 30) aids interpretation by giving a reference for what features to look for and their location relative to other features. In this case, the presence of a white stain from bird droppings can be seen in both the photo and the middle RTI image, which gives context in addition to the visible stone features.
	Figure 28 – Detail of photo line drawing of Stela 5 showing “god foot” increments (Norman, 2012b:11)
	//
	Figure 29 – Length measurements of the higher foot on the figure wearing the god mask – Stela 5, Izapa
	///
	Figure 30 – Measured “god foot” on Stela 5 (left) clarified by RTI images shown in default (middle) & specular enhanced rendering modes (the yellow arrows indicate white stain of bird droppings)
	To further document the use of the "god foot" as a standardised unit, other measurements on Stela 5 that used some increment of the 12.4 cm “god foot” length (as in the Figure 28 line drawing) were also photographed. Figure 31 shows a section of the tree trunk where the width is equal to the "god foot" length.
	/
	Figure 31 – Measuring the width of the tree trunk – Stela 5, Izapa
	//
	Figure 32 – Measuring the vertical height of the Stela 5 central panel (left); with close up view of the tape (right)
	//
	Figure 33 – Measuring horizontally across Stela 5 (left); with close up view of the tape (right)
	Figures 32-33 show Norman measuring the vertical height of the panel on Stela 5 and a horizontal length respectively, both at 99 cm which equates to eight increments of the “god foot.”
	Figure 34 shows a measurement of 49.5 cm, which equates to four increments of the “god foot” at the widest point between the diagonals on the sky panel. 
	Figure 35 shows a measurement of 99 cm, which equates to eight increments of the “god foot” from the top of the base panel up to the top of the sceptre on Stela 4.
	This section has documented the repeated use of standard measure on Stelae 4 and 5.
	/
	Figure 34 – Measuring horizontally between the diagonals on the sky panel, Stela 5; with close up view of the tape (inset)
	/
	Figure 35 – Measuring vertically from the ground panel to the top of the sceptre, Stela 4; with close up (inset)
	As discovered by V. Garth Norman, the “god foot” measure of 12.4 cm equates to ¼ (12.38 cm) of the 49.5 Royal Babylonian (RB) cubit, which is a standard length unit, used throughout the Middle East (Scott, 1958, 1959, Segrè, 1944). In actual fact, the measurements shown in Figures of § 5.3.2 can also be listed as ¼, 2, 2, 1, and 2 Royal Babylonian cubits respectively.
	Furthermore, other features on the stelae use a different standard length which equates to increments (and factors) of the 52.5 cm Royal Egyptian (RE) length (Scott, 1958). For example, Figure 36 shows the forearm and foot in Stela 4 with 26.3 and 13.1 cm which correlate to ½ and ¼ Royal Egyptian cubits respectively.
	//
	Figure 36 – Measuring the forearm (left) and foot (right) in Stela 4 with inset close up images (arrow indicates elbow)
	The photographic documentation of measurements in this and the previous section validate Norman’s line drawings (such as Figure 37) which illustrate the mixed use of two standard measurement units, Royal Babylonian and Royal Egyptian cubits. A modern-day analogy for mixed use of units might be a British car in which components are designed in millimetres (SI), yet the odometer measures in miles and the petrol tank in gallons (Imperial units).
	It is entirely logical that the Jews would have been familiar with both cubit lengths, the RE cubit from their 430 years in Egypt, and the RB cubit from the waxing influence of Babylon just prior to the departure of Lehi and his family from Jerusalem. The chances that the early Mayans could have arbitrarily guessed the exact length of RE & RB cubits, and that they mixed them in their sculptural design layout without transmission from the Middle East, is simply unexplainable.
	Figure 37 – Stela 4 Golden Mandala with RB and RE cubit measurements (Norman, 2012b:175)
	Izapa, Mexico, is the site, where the 260 sacred day count and the more secular 365-day Mayan Calendar Round year were established earning it the nickname as, “the place where time began” among locals (Malmstrom, 1973, 1978, 1997). 
	Having demonstrated the designed layout and precise measurement for Stelae 4 and 5 at Izapa, Figure 38 moves beyond length measurement only and maps the five world ages, chronologically, in a timeline on Stela 5. The scale is set so that every “god foot” increment equates to 1040 years, along the tree from bottom to top. Norman explains that the ages start at 3120 B.C., which is when the Mayans looked back to the worldwide flood (a tradition shared by virtually all Middle Eastern cultures) (Norman, 2012b:182). Each age is signalled by elements in the composition illustrated at the same height as the chronology scale which extends to 2080 A.D. The duration of the timeline makes it a record of history and also timeline for future prophecy. It is noteworthy that the measured layout of the stela is also a microcosmic representation of the entire temple complex layout at Izapa (Norman, 2011:115-116,194,198), making Stela 5 a timeline and site map simultaneously.
	The world tree chronology (as interpreted in Figure 38), was Izapa’s primary calendar from which the Maya Long Count was created with its 5-world ages ending on Winter Solstice 2012. The long count was discarded with the classic Maya collapse a thousand years ago, and has been revived today by scholars decoding the ancient Maya calendar. It is a dead calendar to the living Maya today.  The reason why the Izapa world tree chronology goes beyond 2012 is that, when the Long Count calendar was implemented it used a 360-day year ending the 5th World Age pre-maturely when compared with the 365-day year on the Calendar Round. 
	/
	Figure 38 – The 5 World Ages Chronology scale (Norman, 2012b:182), with RTI detail of tree trunk
	Even though Izapa used the 365-day (“haab”) year, evidence indicates they may have been aware of the 360-day (“tun”) year as well (Norman, 2012b:7). As previously mentioned, the end of the 5th world age derived from Calendar Round cycles is shown at 2080 AD, however, the 5th world age end is marked with a curved line which begins at the height of 2012 where it touches the round ear spool (see detail in Figure 38) and extends the end of the five world ages another 68 years to 2080 (Norman, 2012b:7,167-168). Although the end of this age has been sensationalized as the prophecy of the “end of the world”, in fact, just marks the beginning of a new cycle (Norman, 2012b:167-168). Traditional Maya today, still practice the Calendar Round's sacred 260-day (Tzolḱin) ritual cycle within a 365-day year (Malmström, 1978).
	This chapter turns to the observed and captured elements of Stela 5 and their possible connection with the Book of Mormon.
	Further to the chronology time scale introduced in §5.3.4, calendar similarities with the record by Mormon are considered below. 
	The fact that one of the five world ages begins precisely at 1 B.C. on the chronology scale (See the line labelled “rain” in Figure 38) seems highly coincidental given our current calendaring system. This fact, together with many geometric layout alignments (see red lines in Figure 38) pointing toward the right edge of the trunk at the 1 B.C. height line, indicates that the culture which carved Stela 5 anticipated an important year. Norman identified this year as the anticipated birth year for the local god Quetzalcoatl (Norman, 2012b:181,186). 
	A possible explanation for this expectation may be found in a Book of Mormon prophecy for when the Messiah would come. Nephi, the son of Lehi stated, “And behold he cometh, according to the words of the angel, in six hundred years from the time my father left Jerusalem” (Book of Mormon | 1 Nephi 19:8). If the Izapans were aware of this prophecy, then presumably they would have included a feature on the chronology scale to mark 600 B.C. (as well as 1 B.C.). Examining Figure 38, the bearded figure on the left has two unlabelled red lines extending from the arm he is using to point with. The one from his pointer finger crosses the far side of the tree trunk at the 1 B.C. height (as if to signal the birth of Quetzalcoatl); the other extending from the bottom of his hand crosses the far side of the tree at 600 B.C. (this is not a marked height, but it can be measured out by interpolating between the marked world age lines), at the point where a feature which appears like the heel of a foot (see §6.3.1 for possible interpretations of this feature).
	Perhaps this lower line is the signal of the starting point of the prophetic countdown and corresponds to the countdown cycle identified by Norman (Norman, 2012b:186-187). This would make sense if the bearded figure was the same as the one depicted in the boat in Stela 67 (Figure 25) and may even be Lehi. If this theory is accepted, then the local god Quetzalcoatl would presumably be a depiction of the Jewish Messiah or Jesus Christ, whose arrival coincided with the Stela 5 chronology, the Book of Mormon and Christian tradition (as used in our current Gregorian calendar system). If this interpretation is correct, it is unlikely that the convergence of 3 distinct calendar systems (Izapan, Book of Mormon, and Gregorian) was a coincidence.
	Fortunately, with the end of the 5th world age another 68 years off (§5.3.4), there is ample opportunity for continued calendar and RTI research to substantiate the origins and meanings of the carved detail and chronology scale on Stela 5 and the remaining 140+ carved stone monuments at Izapa.
	One of the most interesting similarities between the cultural history at Izapa and the Book of Mormon is a dream or vision in which Lehi saw a “tree of life,” as recorded in 1 Nephi 8 by his son Nephi, who provided further details and interpretation in 1 Nephi chapters 11-14. A connection between Stela 5 and the Book of Mormon was first asserted in 1953 by Dr. M. Wells Jakeman with a follow up five years later (Jakeman, 1953, 1958). The reaction to his claims has caused a significant divide between academic scholars over the last half century as reviewed by Brewer (1999) and Nuckolls (2008). Some have praised his objectivity while others have critisesed his interpretation because it was based on his own artwork (Brewer, 1999). Subsequent drawings by Norman, Keeler, Pozo, Miles and Clark-Moreno have had varying levels of agreement with the features as documented by Jakeman (Norman, 2012a).
	The most extensive work on Stela 5 representation has been done by archeologist V. Garth Norman whose work most resembles Jakeman’s, with 67% common features, as shown in Figure 39 (Norman, 2012a). These drawings, made by photo line tracing as part of the NWAF Izapa project, were substantially completed in 1966, subjected to extensive peer review against early photos and published in the 1970’s (Norman, 1973, 1976). Their importance as a substantially accurate permanent record is underscored by Lowe et al. (1982:2) who stated that, "Accurate illustrations and complete descriptions for all of the carved Izapa stone monuments did not appear until 1976" with publication of Paper 30 by V. Garth Norman. These drawings were circulated for over thirty years as the most accurate, peer reviewed drawings available before additional erosion of fine detail ocurred. Based on the 1976 drawing, Norman acknowledges that despite the errors in Jakeman’s drawing (with knock on effects in his interpretation) that what Jakeman argued still had merit and may prove correct once “all the evidence is in” (Norman, 1985, 2003, 2012a).
	The most forceful rejection of Jakeman’s theory came in 1999 by Dr. John E. Clark, who rejected 95% of the asserted connections (Clark, 1999, Norman, 2011). Clark’s position was based on a “new artistic rendering” of Stela 5 by artist Ayáx Moreno whom he supervised directly. Clark stated that the new drawing appeared to “rob [Jakeman’s theory] of most of what had once seemed like impressive support” (Clark, 1999).  Clark dismissed every other drawing of Stela 5 except his own because he held that, “major details were omitted or misdrawn” claiming that Jakeman (and other reserachers) “…saw things on the stone that are not there and missed many other features that are” (Clark, 1999). Clarke and Moreno’s methodology began with tracing and reduction to which detail was added based on video footage, often taken at high zoom, of raking light (Clark, 1999). Clark stated that, “We
	firmly believe that further examination of the Izapa sculptures will likely reveal no significant data beyond what our drawings now show” (Clark, 1999). He declined peer review when publishing the new drawings as had been standard practice with prior NWAF publications (Norman, 2012b:6).
	Review of the 1999 Clark-Moreno drawing of Stela 5 compared to the 1976 Norman drawing by his peers revealed “strongly felt” concerns with the majority of the new detail proclaimed by Clark (Allen, 1999, Norman, 1999, Wirth, 1999). Despite these concerns, the “new” drawings have been widely circulated which appear regularly in scholarly publications. Without access to the primary video documentation used by Clark and Moreno or a technique capable of capturing detail on the same scale it has been difficult to substantiate or entirely reject the high resolution detail they included in their drawing.
	As discussed, the deteriorated condition of the monument has significantly contributed to the debate. Due to the difficulty of seeing the carved details, scholarship on the monument has been obliged to rely on hand-drawn representation, where it is difficult to ensure objectivity. The value of the advanced imaging research in Chapter 4 is that the subjective “artistic” element can be reduced, allowing far more objective illustration of details. Therefore, this section considers how the RTI images captured in August 2012 compare with the two most widely used artistic drawings, and whether or not the hypothesized connection with the Book of Mormon is still viable.
	A slightly updated version of Norman’s 1976 drawing will be compared with the 1999 Clark-Moreno drawing, which is arguably the most drastic departure from the Jakeman tradition, as shown in Figure 40. The comparison will focus on a few sample areas on the stela in support of the more holistic treatment of the scene by other researchers including 150+ challenged “new” details illustrated on the Clark-Moreno drawing (Allen, 1999, Norman, 1999, Wirth, 1999).
	One of the advantages of the RTI technique is the ability to save images with the subject lit from various angles. The author suggests that this ability is analogous to the Clark-Moreno methodology of using video footage, taken with various angles of raking light which was “freeze-framed,” to identify detail (Clark, 1999). For the first time since the publication of the 1999 Clark-Moreno drawing, a practical method of illustrating the scale of detail claimed is available for critical analysis.
	/
	Figure 39 – 2012 (updated from 1976) Norman Drawing of Stela 5 (Norman, 2012b: 106)
	/
	Figure 40 – 1999 Clark-Moreno Drawing of Stela 5 (Clark, 1999)
	// //
	Figure 41 – Comparison of bearded person seated in Stela 5 – Norman Drawing (upper left), 1999 Clark-Moreno Drawing (upper right), 1965 Norman Photo (lower left), 2012 RTI image (lower right)
	Figure 41 shows a comparison of the seated bearded figure in Stela 5, using both photographic and the Norman and Clark-Moreno artistic representations. It can be seen that there is significantly more detail on the Clark-Moreno drawing. 
	Figure 42 shows the same figure with six different lighting and RTI/PTM surface rending conditions for discussion.
	//////
	Figure 42 – Various light angles and RTI/PTM rendering modes of the bearded figure seated in Stela 5
	//
	Figure 43 – Detail from 1999 Clark-Moreno drawing (left); Detail from Figure 42d RTI image (right)
	One of the debated details on this seated figure is identified as a pointing finger (Figure 43 left, arrow D) by Norman, while Clark suggested that it was “probably the end of a rope which is seen encircling the seat” (Clark, 1999) (Figure 43 left, arrow A). Using the RTI image in Figure 43 (right) some surface detail can be observed which could possibly be interpreted as “a rope” rounding the knee (arrow F) of the seated figure, as Moreno has drawn it in Figure 43 (left, arrow B). Assuming this were the case, the linear surface detail delineating the right edge of the “rope” is shown with arrow F in Figure 43 (right).  If this surface detail offset from the knee were on its own, it could be argued that it is an intended feature such as a rope; however, there is another surface detail of similar size and shape offset a further increment to the right (Figure 43 right, arrow G). This second line is also apparent in Figures 41 & 42c-e but it is not illustrated in the Clark-Moreno drawing (arrow C). In lighting conditions where the line (indicated by arrow G) is not evident, the “rope” edge feature (arrow F) is also less visible.
	Clark cannot credibly argue for the left line to represent a rope’s edge, while omitting the right line entirely. This is because the second line is cut more deeply than the illustrated horizontal rope detail under the seat (Figure 43 left, arrow A), which he claims his methodology was capable of documenting (Clark, 1999). Even if it had only been regarded as a witness mark from ancient tools, it should have been included in the illustration just like the witness marks illustrated near ground level between the rope and the incense burner (below arrow labels B & C). It could be argued that the lower horizontal rope detail was visible in the late 1990’s but has since been eroded, but such detail is not discernible in the early photos (such as Figure 48) while the two lines indicated in the previous paragraph are. Furthermore, why would the horizontal rope detail have eroded more quickly than the witness marks if both were present in the late 1990’s? Could it not be equally likely that both lines were tooling or witness marks from creating the relief of the knee of the seated individual? The treatment of these marks is an example of inconsistent interpretation of like scale surface texture.
	A further difference between the Norman and Clark-Moreno drawings is that they illustrate the seat with one face and two faces respectively (Figure 41). The square mouth shape on the right face (see arrow E in Figure 43 right) is congruent with Norman’s drawing, while it differs from the more rounded shape illustrated by Moreno. Examining the surface texture on the left-hand side of the seat in the RTI images (Figure 42) does not sustain the level of detail drawn by Moreno, even though some of the surface roughness could be considered reminiscent of a face.
	Additionally, the RTI images do not sustain the scroll shaped curl of the lowest central flame of the fire as illustrated by Moreno, which appears more like a “U” or harp shape as illustrated by Norman.
	//
	Figure 44 – Detail of a woman from 1999 Clark-Moreno drawing (left); Detail from RTI image of Stela 5 (right)
	Figure 44 (left) shows a detail of the Clarke-Moreno drawing which illustrates a woman who is extending her arm toward the mouth of a large deity figure. It is compared to the RTI image of the same area of Stela 5 (Figure 44 right) showing the stone texture in 2012. Although, the absence of clear detail on the stone surface makes it hard to correlate with the drawing, the alleged foot of the woman has been indicated with an arrow in both. Many researchers have acknowledged this feature as resembling a foot, but what is evident here is that the shape of the foot portrayed by Moreno (arrow A) does not correlate in form or aspect ratio to the actual surface shape (arrow B). Such poor correlation on evident features weakens the claimed fidelity of rendering to the stone by Clark-Moreno. Incidentally, Norman does illustrate this foot shape (Figure 39) and notes that it resembles the pattern of stars and dust in the Milky Way (Norman, 2012b:93).
	///
	Figure 45 – Detail of a child or incense burner on Stela 5 - Norman drawing (left); RTI image (middle); 1999 Clark-Moreno drawing (right)
	Figure 45 shows an area of Stela 5 which has a seated figure with a small child as drawn by Norman or an incense burner as drawn by Moreno. Figure 45 (middle) shows an RTI of the current surface of the stone and Figure 46 shows an RTI of an the incense burner for reference, from another area of Stela 5, where both drawings agree. The triangular edge detail (dashed arrows, Figures 46, 45 right) characteristic of incenser burners is not visible in the RTI image (Figure 45 middle). The feature which Norman illustrates, that may be described as hair (see arrow, Figure 45 middle) on the child, does not conform to the flame shapes as drawn by Moreno. In short, the surface texture as elucidated by the RTI does not sustain an incense burner as shown in the Clark-Moreno drawing. Neither Norman’s methodology (when the stone condition was 30 years less weathered) nor the RTI study sustain detail indicating an incense burner here, leaving Clark’s conclusion unsupported.
	Figure 46 – Detail of an incense burner on Stela 5 
	Although the RTI technique shows texture features which are sympathetic with many of the new details proposed by the Clark-Moreno drawing most of them are on the same scale as the surface texture in the weathered stone or smaller, as illustrated in the previous section. This reveals a fundamental problem with the Clark-Moreno methodology (combining tracing, reduction and zoomed filming with raking light). Perhaps the limited field of view when operating a camera with the “zoom feature” isolated the surface texture from the context of positively carved detail. This made Clark’s methodology susceptible to the confounding of carved detail with the natural or eroded stone texture. Without an appropriate frame of reference many things could have been read into the stone which were simply naturally occurring stone texture.
	Furthermore, without a consistent frame of reference, some minuscule surface textures have been illustrated as carved detail by Moreno, while other areas with surface anomalies on the same scale have not been. The inconsistent interpretation of surface texture with the same magnitude also undermines the credibility of the Clark-Moreno drawing.
	The details derived from the methodology of Clark and Moreno are not substantiated from the details captured using RTI in this project, nor by the observations of the monument made in person. Without any primary documentation to substantiate the Clark-Moreno stylistic and content related departures from prior peer-reviewed drawings, they must be disregarded or recast as conjectured embelishment.
	Contrary to the doubts raised about the Clark-Moreno drawing, the RTI imaging technique has provided documentation which confirms the accuracy of the 1960’s Norman photo line tracings with the NWAF Izapa project, and clarifies a little additional detail. Norman’s drawing show consistent treatment of same scale surface texture detail. He only illustrated detail from texture which is larger than the stone surface roughness, and omitted detail which cannot be distinguished from natural patterns or blemishes in the stone surface. Norman assessed his own work using the RTI image set stating that, “the new fully enhanced photos duplicated the details of my original drawings with only a few adjustments” (Norman, 2012b:6).
	Although Clark described his methodology in detail, the appropriateness and relevance of it were not referenced in his text, contrary to the documented validity of RTI for clarifying surface detail of archeological subjects (Earl et al., 2010a, 2010b, Happa et al., 2010, MacDonald, 2011). After scrutinizing both drawings in comparison with the RTI images, art historian Dr. Vern Swanson concluded that “the Clark-Moreno drawing is the result of imaginative artistic editorialism where the proclivities of the artist overwhelmed the judgment of the scholar” (Swanson, 2012).
	Owing to the multitude of errors catalogued by other researchers, many of which have been reinforced by the RTI methodology presented herein, it must be concluded that interpretation of Stela 5 based on the unsubstantiated detail added by Clark and Moreno is invalid. Additionally, the shortcomings of the Clark-Moreno methodology shown here may have had an equally problematic effect on all of the other drawings they made of Izapa monuments. Since these drawings are being circulated in professional publications, any drawing errors will have proliferated interpretation errors. The conclusions based on the RTI methodology, highlight the need for objective peer-review for each of the Clark-Moreno drawings in order to stop further spreading of artistic drawings bearing unsupported embellished detail.
	As discussed, the detail verified by the RTI imaging technique did not sustain the departures of the Clark-Moreno drawing from Norman’s peer reviewed 1976 photo line drawing. This re-establishes Norman’s drawing to its prior status as a most correct and objective drawing to date, making a connection between Stela 5 and the Book of Momron as asserted by Jakemen possible.
	Common features between Stela 5 and elements in Lehi’s dream are presented for the reader. Excerpts describing dream elements from the Book of Mormon follow, with comments and correlation to numbered features in Norman’s drawing of Stela 5 (Figure 47).
	 Lehi's dream deals with six individuals, one of whom is his wife
	o There are six individuals (#11a-f) illustrated sitting on the ground panel, one of whom appears to be female (#11b).
	 “I beheld a tree, whose fruit was desirable to make one happy” (Book of Mormon | 1 Nephi 8:10)
	o Elevated up in the middle of the left-hand side is depicted a deity, with large “elephant shaped head (unnumbered), who is handing a circular fruit to someone (#13) just left of the trunk of the tree. 
	 “I beheld a river of water; and it ran along, and it was near the tree” (Book of Mormon | 1 Nephi 8:13)
	o There is clearly a river (#2) which is fed by the rains (between #5 & #6) depicted on the right-hand side of the scene which then flows under the roots of the tree.
	  “I beheld a rod of iron, and it extended along the bank of the river” (Book of Mormon | 1 Nephi 8:19)
	o The figure (#11d) seated on the far right of the scene is holding with two hands onto a straight bar which runs parallel to the upper right-hand side of the river. There is also an umbrella like shape at the top of it which may be protection from the mists falling out of the clouds above and to the right of the umbrella.
	 “I beheld others pressing forward, and they came forth and caught hold of the end of the rod of iron; and they did press forward through the mist of darkness, clinging to the rod of iron, even until they did come forth and partake of the fruit of the tree” (Book of Mormon | 1 Nephi 8:24).
	o The figure seated on the far right (#11d) could be described as “clinging” to the rod. At least two further figures (#12-13) appear to be attempting to arrive to the tree or receive its fruit. Also, the diagonal lines covering a head shaped glyph (above #6) represents blindness, possibly due to the falling rain/mist to the right of the glyph (Norman, 2003).
	/
	Figure 47 – Norman Drawing of Stela 5 with numbered elements (Norman, 2003)
	Further to the elements specifically noted in Lehi’s dream, Stela 5 also includes other elements mentioned in the Book of Mormon; for example, evidence of sacrifice. 
	The Book of Mormon records, “And they also took of the firstlings of their flocks, that they might offer sacrifice and burnt offerings according to the law of Moses;” (Book of Mormon | Mosiah 2:3).
	Sacrificial altars are present in front of Stela 5 (note flat circular stone in front of Figures 10 left and 14 left) and an incense burner for burnt offerings is also present in the composition (note fire rising from incense burner near seated bearded person in Figures 16, 18, & 39). These features are present in other stelae as well.
	As shown in this chapter, several of the elements described in the Book of Mormon correlate with components in Stela 5. Further to the elements in the narrative, the sequence in which it is recorded also has significance. Norman (2012b:8,157) has identified the water cycle starting clockwise from the upper right-hand corner, where the rains descend down to the bottom of the composition, a river runs to the bottom left-hand corner, and finally the water evaporates in upper left-hand corner. This cycle, which starts in heaven and returns to the heavens, is a chiastic structure which is heavily used in Semitic writing (Lund, 1930, 1933, Welch, 2007). He has also suggested that this is symbolic of the human journey where spirit children come down from heaven (just as the rain), mature in life (right-hand side of the ground panel) just as the river flows, grow old (left-hand side of the ground panel) and die where those who receive a just reward (symbolized by partaking of the fruit of the tree) ascend back up to heaven (like evaporation). Additional study of the glyphs in this image may yield further insights into the original meaning of this stela and whether or not it was carved as a record of Lehi’s vision.
	The objectives set out for this project in §1.4 have been achieved predicated upon the successful advanced imaging methodologies. The use of RTI and photogrammetry introduced in this work has clarified content in Izapa Stelae 4 and 5 in a less subjective way than hand-drawn artistic representation. It has also provided a level of digital preservation and evidence to justify additional preservation efforts. The utility of these techniques was highlighted in a presentation at the National Museum of Anthropology in Mexico City in August 2012 by V. Garth Norman (Norman, 2012c).
	Building on the clear documentation of detail afforded by the new images, evidence of transoceanic contact from the Middle East, including standard unit measure, geometric layout and cultural features, has been presented and discussed.
	Furthermore, features on Stela 5 have also been reviewed and compared with Lehi’s dream of the “tree of life” as recorded in the Book of Mormon. While the Stela evidences content beyond what is recorded in the dream, correlations with some major elements are impressive.
	The Izapan culture climaxed from 500 B.C. to 100 A.D., which corresponds to the time period when the Book of Mormon was written, and also exerted influence at a critical time and place during the formative Maya period. 
	Although the evidence contained in this report is not substantial enough to conclude how much the Izapan culture was influenced by the people of whom Mormon wrote, it certainly provides indications that it was plausible. Furthermore, there is ample evidence in the art and cultural history of the Izapan culture, including standardized unit measure and measured geometric layout, signalling transoceanic influence from the Middle East and the worship of a Messiah.
	Admittedly, the limited scope and rigor of this pilot study should be strengthened with further documentation. The camera equipment and capture conditions for the RTI imaging and photogrammetry could also be improved.
	Only a small sample of the RTI clarified detail of Stela 5 has been published here and the author acknowledges that inevitably some detail will have been eroded which was not detected by RTI. 
	Additionally, the observations in this report are made from an engineering perspective of measurement and 3D photogrammetry with heavy reliance on the work of V. Garth Norman for archaeological input and interpretation.
	The RTI images of Stelae 4 & 5 captured in this research should be used to substantiate and validate carved details where disagreement exists. The RTI images should be made widely available for evaluating and reducing the subjectivity of all artistic depictions of the stelae. This will improve interpretation, and also facilitate professional peer review of future publications for the benefit of all stake holders in Izapan research.
	Future work should include 3D digital capture of all significant carvings at Izapa to enable research across space and time (before the stelae degenerate further). Selected stelae should be reproduced by digital techniques (3D printing and CNC machining) and conventional casting techniques. 
	Reflectance transformation imaging should ideally be undertaken using professional lighting (possibly with the roofs temporarily removed) and at night to have total control over lighting conditions. Also all captured images should be orthorectified prior to conversion to RTI files which will enable direct measurement of RTI images as if they were topographic maps.
	Lastly, the significance of Izapa is sufficient to justify the creation of an archaeological park of the entire complex with visitor centre, the housing of the most significant stelae in a museum, and the re-routing of the road which currently divides Izapa.
	Rationale for advanced imaging techniques at Izapa
	Interpreting the finer details of the low relief carving on the stelae at Izapa has been problematic due to their weathered and damaged condition. Since their discovery in the mid-1900’s, the integrity and decipherability of their details has been further compromised by additional weathering and vandalism. Although early photographs and drawings are invaluable, they provide limited support for further investigation and can sometimes be difficult to reconcile with the current condition of the monuments.
	The imaging techniques described herein have provided an unparalleled way to review and interrogate stelae details which are far less prone to subjectivity than artistic redrawing. The combined ability to view colour, together with the surface shape and texture, helps resolve the difference between features carved intentionally and those arising from deterioration in the stone. Furthermore, the virtual re-lighting and magnification makes it practical to document features with a robust audit trail which cannot easily be seen or photographed otherwise.
	A brief explanation of the imaging techniques:
	Principle 1: Shininess & 3D shape
	Generally, the more shiny or reflective an object is, the easier it is to perceive changes in its three-dimensional shape. For example, think about how easy it is to spot a dent or scratch in the body of a new shiny car. Since normal photography only captures colour data, the purpose of these advanced techniques is to supplement colour data with information about the surface shape and texture.
	Principle 2: Surface roughness & reflections
	Virtually all of us have an intuitive understanding that light passes through some objects more easily than others. For example, light passes through a clear piece of glass relatively easily; however, when passing through clouds, some light gets absorbed and scattered. Something similar happens when light is reflected off of different types of surfaces. With very smooth surfaces most of the light bounces off with a uniform direction (often called a specular reflection) which is what creates the reflections that we see in a mirror or a shop window. However, when a surface is rough, the light gets absorbed and scattered as it bounces off in different directions (a diffuse reflection) which is why we are not able to see reflections. 
	Determining shape from photos with different lighting
	Many photographs of the same object are taken from a fixed camera position. In each photo the object is lit from different known directions (including oblique angles such as raking light) creating a different highlight/shadow pattern. A computer then analyzes the pattern changes between all of the photos to calculate the surface shape of the object. The orientation of the object’s surface is recorded at each pixel using a “surface normal” value which is added to the standard colour information.
	By analogy, this process can be visualized as akin to taking photographs of a sundial at every hour of the day and then analysing the shadow movement to determine the shape of the gnomon (the part of a sundial that casts the shadow).
	Artificial Re-lighting
	Once the surface shape of the object in the photos is known, a variety of mathematics can be applied to the image to make the object features easier to see. Perhaps most useful is the ability to virtually re-light objects from different lighting angles to bring out different features. The objects can also be rendered so that they appear shinier or more reflective (by adding synthetic specular highlights) which enhances the perception of their three-dimensional form.
	This appendix includes further photos and RTI files which were too large to conveniently include in the body of the report.
	/
	Figure 48 – 1965 Photograph of Stela 5 (Courtesy of V. Garth Norman c.f. Norman, 2012b:11)
	/
	Figure 49 – Stela 5 photo with line tracing (Norman, 1973)
	/
	 Figure 50 – Stela 5 photo (2012) by author using raking light from an external flash
	/
	Figure 51 – 2nd order polynomial RTI image of Stela 5 with lighting from right side
	/
	Figure 52 – 2nd order polynomial RTI image of Stela 5 with lighting from just left of centre
	/
	Figure 53 – RTI image of Stela 5 with left side showing specular enhanced and right side in default (ambient lighting) rendering modes
	/
	Figure 54 – RTI image of Stela 5 with left side showing specular highlights only (without colour), middle showing specular enhanced colour and right side in default (ambient lighting) rendering modes
	/
	Figure 55 – RTI image of Stela 4 showing ambient lighting on left side & specular enhanced rendering on right side
	/
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