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In this dissertation I explore the working lives of laborers at three, late nineteenth 

and early twentieth century, sugar and rum production sites in the Yalahau region of 

northeastern Yucatan.  The low native population density and harsh environment resulted 

in a string of short-lived, failed industries but very little investment from the governments 

of the state of Yucatán and the nation of Mexico through the middle of the nineteenth 

century. The people of the Yalahau region were some of the first to make peace with the 

state government during the Caste War, a revolution by the Maya and other poor workers 

in the area in response to increasingly terrible working and living conditions imposed 

upon them by Yucatan’s owner class.  This new political stability, coupled with the 

destruction of sugar production facilities elsewhere on the peninsula, made the Yalahau 
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region and its acceptable, though not ideal, soils attractive for those seeking wealth 

through sugar cultivation. The Yalahau region provides a great opportunity to see 

differences both between sites and throughout the presidency of Porfirio Diaz (1876–

1910) which ended with the Mexican Revolution.   

Sugar production operations in the Yalahau region differed in ownership 

structure, scale, and distance from outside world.  What was similar at all operations was 

the harsh nature of sugar production-an occupation that few would enter into if they had 

other options.  

 Using a variety of methods, I have tried to reconstruct the working lives of a 

group of people who were both enmeshed in the world economy, and had their freedom 

limited by an economic system designed and deployed to trap workers in an 

intergenerational cycle of debt.  
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CHAPTER 1 : INTRODUCTION 
 

 

 Being born a Maya in late nineteenth century in Mexico’s portion of the 

Yucatán Peninsula meant you would almost certainly have a hard life.  Enclosure laws 

that allowed common land to be expropriated and privatized (Alston et al. 2009; Patch 

1993) ensured that land was scarce/unaffordable, and there were few educational 

opportunities. For many their only choice was to become indebted to a hacienda owner 

in return for access a small parcel of land to farm, and funds to pay for a wedding 

(Rivero 1994).  Socially and politically, the Mexico’s Yucatán Peninsula was in a 

tenuous position near the turn of the twentieth century.  The economy was largely based 

on a single cash crop, henequen1, that was brokered by a single company, Olegario 

Molina y Compania, and purchased by a single United States based company, The 

National Harvester Company (Wells 1985; Wells and Joseph 1996).  The Mexican 

portion of the peninsula had experienced a peasant uprising in 1847, that was still 

dragging on in the southeast.   

There is a robust and growing body of scholarship for the post-Contact period of 

what is today the state of Yucatán.  This includes literature that centers on monocrop 

the henequen haciendas (see Chapter 3).  With a few notable exceptions (Sullivan 2004; 

see also Gonzalez 2014), there are no long form academic works that focus on the 

                                                            
1 Henequen, scientific name Agave fourcroydes, was and is used to make rope and twine.  During the 
Porfiriato (1876-1910), the bulk of the henequen crop was exported to the United States for use in 
mechanized agriculture as bailing twine. 
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Yalahau region’s historic past.  Select research from the region focuses on such 

subjects as a single church (Andrews et al, 2006; Benavides and Andrews, 1979; 

Mathews 2003) or an expanse of Decauville narrow-gauge railroad track (Mathews and 

Lizama-Rogers 2005) but do not seek to understand region-wide change.  As discussed 

in Chapter 4, this area is otherwise, at best, ignored except for descriptions like “thinly 

occupied” (Reed 2001: 58; see also Farriss 1984, Patch 1993), and sometimes not 

discussed at all.  In these latter cases the conditions in surrounding areas are implicitly 

generalized over the Yalahau region (Figure 1.1) even though there is no data for the 

area presented.  Because the area was thinly occupied, and having limited natural 

wealth, the documentary evidence that historians use was never generated, not 

preserved, or most likely, a mixture of both these options.  There are no known 

surviving documents written by the working class for the Yalahau region, an in the 

northeast corner of the peninsula with especially shallow soils unsuitable for most cash 

crop agricultural,  during the late nineteenth and early twentieth centuries. This leaves 

archaeological methods, augmented with the limited documentary record (generated by 

the managerial and upper classes), as the only option for gaining an understanding of 

the region’s historic past.   
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Figure 1.1:  Map of the northeastern Yucatán Peninsula. The Yalahau 
Region encompasses the area shown as wetlands and the adjacent 
settlements. Map courtesy of Jeffrey. Glover. 

 

This dissertation situates the late nineteenth and early twentieth century Yalahau 

region within the economies of the Mexican Yucatán, Mexico, and the world.  A 

number of authors (Rugeley 2009, Wells and Joseph 1996; see also Patch 1985, 

Gonzalez 2014) make clear the importance of aguardiente (a form of rum) to the 

henequen economy.  Destruction of many sugar operations elsewhere, and the 

continuing threat of attack from rebel holdouts at Chan Santa Cruz (Reed 2001; 

Sullivan 2004), left sugar production an open niche.  This work investigates how a 

previously ignored, frontier area came to produce this important commodity, and how 
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workers, whose freedom was curtailed by an exploitative system that hindered their 

movement, participated in the world economy both through the sugar and liquor they 

produced and the foreign goods that they consumed. 

  

Fieldwork Period and Brief Description of Archaeological Site Investigated 
  

 

 This work is the culmination of historical archaeology research from 2009 to 

2014, that more often than not had me grasping at straws over how to understand a 

group of three small-scale sugar and rum production sites in the northeast corner of the 

Yucatán Peninsula.  

The first archaeological site, San Eusebio (see Figure 4.3) was owned by a large 

international joint stock company that also produced salt through evaporation methods, 

harvested the tree from which natural chewing gum base is made, collected honey, and 

took advantage of other natural resources of the Yalahau region which does not support 

the growth of henequen.   

The second archaeological site, Rancho Aznar (see Figure 4.10), was owned by 

a local Mexican, Ramon Aznar. Few of the archaeological remains were found in situ 

due to the current owners having sold the architectural stone from the sugar processing 

building after it was damaged by a hurricane, and their cleaning of areas of the site now 

used for agriculture.  Historic artifacts, primarily made of glass and metal, were 

collected and dumped into a modern trash pit.  
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The third and most (in)famous site is San Antonio Xuxub (see Figure 4.15).  

This site was run as a Mexican-American partnership and was the site of the murder of 

the American manager Robert L. Stephens (Sullivan 2004, Reed 2001).  It is unclear to 

what degree Stephens’ death was related to an ongoing feud between him and a rival 

family, the Urcelays, who held a grudge against Stephens from when they had 

employed him as an engineer (Sullivan 2004).  Additionally, to date, is still lost is the 

definitive location of the Urcelays’ sugar mill is unknown.  This is unfortunate as a 

direct comparison of rival operation may yield interesting information. 

 

Research Approach and Lines of Evidence 
 

 Early in the research it became very clear that a multitude of techniques, 

including surface collection, excavation, documentary analysis (where possible), and 

soil testing would have to be employed how the sites operated.   

The documentary record for the Yalahau region more generally, and for these 

three archaeological sites specifically is both limited and uneven.  Paul Sullivan, author 

of Xuxub Must Die: The Lost Histories of a Murder on the Yucatan (2004) graciously 

provided access to his extensive research on San Antonio Xuxub.  This research, and 

the 59 pages of notes within Xuxub Must Die, describes political intrigue as Stephens 

tried to discourage attacks by Caste War rebel holdouts, primarily based to the 

southeast in Chan Santa Cruz (now known as Felipe Carrillo Puerto), and the aftermath 

once the site was attacked.  What exists neither in Sullivan’s work nor in the various 

archives of the regions are the day-to-day goings on of the workers at San Antonio 
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Xuxub.  Few records for Rancho Aznar, probably previously known by the name Axnal 

(Sullivan 2004), have been found at all, and none that chronicle day to day operations. 

Pay records and receipts from San Eusebio are invaluable information for 

understanding what was expected of a worker each day, and how much they were 

compensated for that work.  While these records directly reference individual 

employees, they are produced by company managers.  As a result of these documents, 

this dissertation focuses on the men who headed households, and that women and 

children are nearly absent save for references to worker families.  This is not an 

oversight, and does not represent a lack of interest in the contributions of the majority 

of the inhabitants of these sugar and rum production operations; it simply reflects the 

state of the dataset.  Given the gender roles in Maya communities reported by Robert 

Redfield and Alfonso Villa-Rojas in 1934, women and older girls were likely using the 

majority of the food preparation and storage items (1934), but this is the extent to 

which half of the population is visible.  Any hacienda labor for pay was performed in 

their husband’s or father’s name (Rivero 1994). 

 Field research started with inquiries with local people about what they knew of 

the history of the area.  The goal was to find some people who had gathered chewing-

gum base in the 1970s.  This gum base is known as chicle and the gatherers are known 

as chicleros. I thought that no one would know the area better than the chicleros who 

lived in the bush for months on end.  It was not feasible to conduct a regional historic 

sites inventory, but it was important to identify as many historic archaeological sites as 

possible.  From the short description in Jeffrey Glover’s dissertation (2006) and Paul 
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Sullivan’s book “Xuxub Must Die”, San Eusebio and San Antonio Xuxub were known 

to exist.  Special attention was paid to identifying any other former sugar production 

sites, as these were thought to be good candidates for inter-site comparison.   

It turns out that the chicleros were all from outside of the Yalahau region.  

Equally surprising is that the area proximate to the archaeological site of San Eusebio, 

abandoned during or soon after the Mexican Revolution, now a hamlet also known as 

San Eusebio, was not reoccupied until the 1980s.  Many of the people living there today 

are not Yucatecans but immigrants from the Mexican state of Vera Cruz. Despite this 

disjuncture, the people of San Eusebio have an intense connection to the archaeological 

site, as do many others to the other two sites.    

 

Brief Descriptions of the Chapters 
 

Chapter 1 of this work is this introduction to the project.  This chapter provides 

context and an overview of the structure of the dissertation and ends with a discussion 

of the ways local people use and talk about the archaeological sites today. 

Chapter 2 is a review of the scholarly literature on haciendas in the Mexican 

Yucatán. This review is not intended to be all-inclusive.  The complexity and diversity 

of the region in the late nineteenth and twentieth centuries simply makes this 

impossible, but this literature is also dominated by the henequen haciendas in the 

northwest portion of the peninsula.  That area is not the focus of this work.  The history 

is instead presented to understand the various practices in “particulate” form, isolating 
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individual social and labor practices to analyze whether may or may not have been used 

by owners and managers of the sugar and rum production sites in the Yalahau region.   

Chapter 3 presents the methods used for data collection and analysis. Many of 

these methods and procedures parallel those of the San Pedro Maya Project that 

investigated the site of San Pedro Siris in the Cayo district of Belize from 2000 to 2004.  

This allows for easy comparison of similarly-aged archaeological sites that operated in 

different social and economic circumstances 

Chapter 4 describes the three sites investigated, San Eusebio, Rancho Aznar, 

and San Antonio Xuxub, and the fieldwork completed at each site.  Initially the 

ownership structure was thought to be an important point of comparison between these 

archaeological sites.  San Eusebio was owned by a large, partially foreign-owned, joint 

stock company.  Rancho Aznar was owned by a wealthy Mexican, San Antonio Xuxub 

was owned by a Mexican-American partnership. 

Chapter 5 is an analysis of labor records from 1909-1910 for workers who 

labored at San Eusebio. These records provide information for San Eusebio about what 

types of work was assigned to laborers, and how much these workers were 

compensated.  This information can only be found in documents and allows comparison 

between San Eusebio’s pay structures for salaried versus piece-work employees.  

Chapter 6 presents the results of soil phosphate analysis using the Mehlich II 

method, and includes a literature review of the use of this and other phosphate analysis 

methods to find activity areas at archaeological sites throughout the Maya area that 



9 
 

cannot be identifies through other means.  This review summaries of research from 

archaeological sites from both Pre-Columbian periods and after European contact. 

Chapter 7 presents the results of the artifact analysis for San Eusebio, Rancho 

Aznar, and San Antonio Xuxub.  This was completed using the same methodology as 

employed by the San Pedro Maya Project at the site of San Pedro Siris in Belize.   The 

database employed divides artifacts by material type for ease of descriptive analysis 

and data entry, but also includes a functional typology that cuts across material types. 

Chapter 8 is a comparison between the artifacts found at the Yalahau region 

sugar and rum production sites and San Pedro Siris whose residents worked cutting 

lumber.  The residents of San Pedro Siris had direct market access to purchase imported 

goods, while access to market was restrained at, at least, San Eusebio and San Antonio 

Xuxub, and possibly at Rancho Aznar as well. 

Chapter 9 is a synthesis of all of the information found for San Eusebio, Rancho 

Aznar, and San Antonio.  In previous chapters, analysis of data types including the 

documentary record, the artifact assemblages and archaeological matrix, and results of 

the soil phosphate analysis are discussed separately.  This chapter presents 

interpretations by archaeological site for San Eusebio, Rancho Aznar, and San Antonio 

Xuxub taking into account what can also be inferred through comparison to San Pedro 

Siris. 

Chapter 10 presents the final conclusions.  The labor regime at these three 

archaeological sites, San Eusebio, Rancho Aznar, and San Antonio Xuxub employed 

practices from the Mexican Yucatán but in a piece meal way.  The frontier region of 
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Yalahau produced aguardiente rum that formed an integral part of the hacienda system, 

the driver of the Yucatecan economy.  During the henequen boom, the Yucatán2 was 

the richest state in Mexico, and contributed greatly to the national economy.  The out-

of-the-way Yalahau region must be seen as making important contributions to the 

history and development of Mexico. 

The workers at San Eusebio and San Antonio Xuxub whose ability to travel was 

constrained either by law, as indebted peons could not leave haciendas without 

permission, or in fact, as their earning were only valid at company stores, did have 

access to foreign goods because of the henequen trade their labors supported.  While 

these workers lived under exploitation, they were not completely isolated or without the 

ability to satisfy some of their own desires 

 

Stories of Modern Yalahau Residents and Their Connection to the Land 
 

   

 My interactions with the people of the Yalahau region have been enlightening.  

Often these discussions reinforce what is already known, for example, that the 

connection of small-scale agriculturalists to the land is hard to overstate.  Sometimes it 

is discussions about minutia or just to break up the silence that are telling.  One of these 

interactions that sticks out involves a boat trip out to visit Boca Iglesias, a sixteenth 

century church and possible research site.  Two of the other passenger bickered in the 

                                                            
2 Here this includes the territory that was split from the state of Yucatán throughout the Porfiriato. 



11 
 

boat all the way to the church.  Jokingly I asked if we could just leave those passengers 

at the church site?  In all seriousness, the boat captain tells me, in Spanish, what 

roughly translates into English as “No, the duendes will get them”.  Duendes are 

mischievous little imps with human-like feet that are on backwards so humans cannot 

tell which direction they went.  To this captain, despite a livelihood based in showing 

others the beauty of the north coast of Quintana Roo, the forest is a dangerous place 

with both natural and supernatural hazards. 

 Conversations with the people of the hamlet of San Eusebio, located adjacent to 

the archaeological site of San Eusebio, and observations of the ways local 

contemporary people still use the site, show a deep connection to the land.  Here are 

three examples: 

 1. In 2014, I was inquiring in San Eusebio about whom to see about getting 

permission to excavate at the archaeological site. I had previously been given 

information that, in error, lead me to believe that the site core was on private land. A 

woman from the village pointed to an open area at the west end of the site.  All that is 

visible on the surface are the remains of a historic well (noria).  The woman said that 

this particular area was a cemetery for chicleros (chewing gum base collectors) that 

were from other regions in Mexico were buried if they died, and no one knew how to 

contact their family.   

 The research design for this project did not call for excavating burials. These 

potential burials, in particular, could have been from as recent as the 1970s, plus I had 

noticed that people were a bit more skeptical of me than during previous visits.  A 
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parcel of commonly-held (ejido3) had recently been sold to foreigners and many in 

ejido felt that they price had been too low4.  This coupled with a misunderstanding 

between ejido members and the Instituto Nacional de Antropología e Historia (INAH) 

over the location of a piece of carved stone lead to both foreigners, including 

archaeologists, being treated with suspicion. More than anything it seemed that this 

area was to be avoided except to record the location of the noria.   

Later I started thinking about the cemetery, and about the break in the 

occupation adjacent the archaeological site of San Eusebio.  The reality is that even 

recent (since the 1970s), near-surface, open burials in this area were unlikely to have 

preserved well. Even if data collection were an option, testing the veracity of the claim 

could only confirm her story in some way but could not reliably discount it.  For this 

woman, and perhaps others in the area, whether bodies could be found there or not, did 

not matter; it was true, and always would be.  Later, I realized that the story was about 

how being a poor migrant worker means that you can disappear and your family will 

never know your fate.  This is, all too often, still the case for migrant workers in 

Mexico and Central America. 

 2. There is a 1.2 m by 1.2 m x 2 m deep minimum shaft in the floor of a well-

built, approximately 5 m wide stone structure in the southeastern portion of the 

archaeological site of San Eusebio (Figures 1.2 to 1.4).  The hole widens out below the 

                                                            
3 An ejido is commonly-held land controlled to the people of one or more communities.  Ejido members, ejidotarios, 
gain access rights to parcels of land for farming, and/or collection of natural resources by performing service to the 
community.  This labor is known as fagina. 
4 Misunderstandings had caused tensions between other archaeologists working in the area and the residents of the 
San Eusebio.  These misunderstandings were exacerbated by a controversial land deal recently completed by the San 
Angel-Chiquila ejido in which some thought ejido land was sold for less than its value.  It thus seemed unwise to 
request any access to the house lots of residents. 
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first floor but it was too dangerous to investigate.  The building is discussed in Chapters 

4, 6, 7, and 9 but seems to have been a storehouse, the company store, or the building 

that held the rum still(s).     

According to informants from the hamlet of Sa Eusebio the basement under the 

storehouse/company store/distillery building was used to punish disobedient workers.  

Paul Sullivan also quotes a local resident as saying that the “slaves” at San Eusebio 

were released when the Mexican Revolution came to the area (2004:1).  Results of an 

analysis of labor records from 1909 and 1910 (see Chapter 5) indicates that by that time 

the operation was mostly staffed by short-term, or even itinerant workers. 

It seems unlikely that a disobedient worker would be confined so near to the 

operation’s most valuable equipment and products; however, it is impossible to prove 

the negative, and say that the basement was never used to punish people.  Againg 

neither the local explanation of the subterranean chamber, nor the one based in 

archaeological analysis, can be either proven or disproven.  The local, contemporary 

people see San Eusebio as a place of abuse, punishment, and eventual freedom.  This 

seems to be true, even if the freeing of the workers was more likely a slow process that 

culminated during the Mexican Revolution instead of an instantons event. 
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Figure 1.2: San Eusebio Site Map.  The storehouse/company store/distillery building is noted as the "Probable 
Distillery Building". Map by author. 
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Figure 1.3: Stone building (approximately 5 m wide) near southeast corner of the site of San Eusebio. 
This structure is thought to be a storehouse, the company store, or the building that housed the rum still. 
Photograph by author. 

 

 
Figure 1.4: Shaft (1.2 m by 1.2 m by more than 2 m deep) within the 
storehouse/company store/distillery building in Figure 1.2. Photograph by 
author.  

 



16 
 

 The third example of connection between the local residents and the site of San 

Eusebio concerns a milpa field just west of the remains of the sugar works (Figure 1.6).  

In 2011, Dr. Scott Fedick found a, roughly 30 cm tall by 20 cm, wide chalk drawing of 

a crucifix within one of the tunnels that stretch underneath the sugar works (Figure 1.6 

and 1.7).  The drawing also has diagonal tick-marks at the four corners.  The drawing 

thus appears to be a quincunx with Jesus Christ at the center.  The quincunx is a 

cosmogram that has long been used to represent a milpa, and both the quincunx and the 

milpa were used as metaphors for all of creation (Mathews and Garber 2004, Re Cruz 

1996, Taube 2003, amongst many others). A similar joining of ancient Maya belief 

with Christianity, specifically Roman Catholicism, is reported by Alicia Re Cruz (1996) 

at the village of Chan Kom. In this setting Re Cruz documented that ceremonies were 

used to found, and are used to commemorate the founding of, the village and involve 

the placement of crosses at the four corners of the village (Re Cruz 1996:58-59). 

 

 
Figure 1.5: Milpa field under active cultivation along the west side of the San 
Eusebio sugar works. Photograph by author. 
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Figure 1.6: Entrance to tunnel at western edge of San Eusebio sugar works. The tunnel is approximately 
2 m wide by 1 m tall.  Photograph by author. 



18 
 

 
 

 
Figure 1.7: Chalk drawing of crucified Jesus Christ, with ticks marking directions, found 
within tunnel (see Figure 1.5) at western edge of San Eusebio sugar works.  Photograph by 
Scott Fedick. 
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The Existing Literature and This Work’s Contribution 
 

 

In the dissertation that follows included the multiplicity of voices at historic San 

Eusebio, Rancho Aznar, and San Antonio Xuxub.  The difficulty is that the data rarely 

supports such mutivocality in interpretation.  The four short examples above show 

complexity of the relationship the current residents have with the land along and near 

the northeast coast of the Yucatán Peninsula.  Past historic relationships from the late 

nineteenth and early twentieth centuries between the people and the land were, no 

doubt, equally complex. 
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CHAPTER 2 : RESEARCH METHODS 
 

From the outset of this project it was clear from the scarcity of data of all types 

that many different information gathering methods were needed in order to properly 

understand the social environment of the Yalahau region, especially the sugar and rum 

trade, in the late nineteenth and early twentieth centuries. By employing a variety of 

methods, though with varying degrees of success, a fuller picture, and one that includes 

much more of the worker experience was revealed than would have otherwise been 

possible. The five general categories of methods are library research, informant 

interviews, archaeological survey, and subsurface investigations, and laboratory 

analysis.  These methods were employed over a period of years that allowed 

documentary data to guide field work and vice versa.  The remainder of this chapter 

details general practice; occasionally changes were necessary and those instances are 

discussed in the chapters on fieldwork and cultural material recovered (Chapters 4 and 

7). 

Background research for this project began in earnest during the spring and 

summer of 2009 as part of a Field Course in Maya Archaeology (ANTH 171/209) 

presented through the University of California, Riverside conducted in the northeast 

corner of the Yucatán Peninsula, and based within the town of Kantunilkin (Figure 2.1).  

The purpose of that trip was to identify and begin developing a dissertation project.  My 

previous experience with the San Pedro Maya Project in Belize made me want to 

continue research into the late nineteenth and early twentieth centuries.  Dr. Scott 
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Fedick introduced me to three resources from the area as possibilities of a dissertation 

project.  The first of these was a short article by Anthony Andrews and colleagues 

(Andrews et al. 2006) on the church at Boca Iglesias; putatively the oldest Spanish 

church on the continental mainland.  The second, by Jennifer Mathews and Lilia 

Lizama (Mathews and Lizama-Rogers 2005) was on a network of Decauville, narrow 

gauge, human and/or animal powered railroads used for extracting resources such as 

chicle (natural chewing gum base) or salt, and moving it to a port for export.  The third 

source eventually solidified as a defining part of this project was Paul Sullivan’s 2004 

book Xuxub Must Die: The Lost Histories of a Murder in the Yucatán.  Finally, a very 

short trip the previous summer was to investigate the possibility of a project centering 

on either the abandoned church outside the town of Victoria (Mathews 2003), or the 

partially ruined but still in-use church at the town of San Martiniano (Figure 2.2).  

Eventually the nineteenth and twentieth century sugar and rum trade was found to be 

the project that seemed both most feasible and most interesting. 
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Figure 2.1: Map of the northeastern Yucatán Peninsula. The Yalahau 
Region encompasses the area shown as wetlands and the adjacent 
settlements. Map courtesy of Jeffrey Glover. 

 

 
Figure 2.2: The church at San Martiniano, Quintana Roo.  Note the 
covered sanctuary set up within the walls. Photograph by author. 
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Library Research 
 

Secondary Literature 
 

I completed an exhaustive search of the literature pertaining to the Yalahau 

region, as well as the major sources for the Mexican portion of the Yucatán, produced 

by cultural anthropologists, historians, cultural geographers and archaeologists.  One 

issue that became clear very early is that many historians, in particular, of the Yucatán, 

either ignore the Yalahau region entirely marking it as “lightly inhabited” or something 

similar (Farriss 1984:17; Patch 1993:58), portray the area as of limited importance 

(Rugeley 2009; Wells and Joseph 1996), or barely mention the region at all (Reed 

2001) when discussing the Mexican Yucatán as a whole.  Thus it was often unclear 

whether the latter group was ignoring the region, or if they were “rubber-sheeting” their 

findings for the Yucatán Peninsula onto an area from which they were drawing on very 

little or no data.  This realization colored the reading of all works concerned with the 

Yucatán Peninsula as a whole, or major parts of it.  When the region is discussed in this 

group of references it is rarely more than one to three sentences, and is often little more 

than a notation that a group traveled through the area.  This is not thought to reflect a 

bias against the area from scholars but reflects the relative paucity of written records in 

comparison to the rest of the Yucatán Peninsula. 

 The relative rarity of discussion about the Yalahau region in literature on the 

Yucatán Peninsula as a whole reinforced the need for secondary literature pertaining to 
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the Yalahau region specifically5.  I completed searches for this literature through online 

academic databases, municipal libraries in larger cities and towns throughout the 

Mexican area of the Yucatán Peninsula (including Cancun, Quintana Roo; Mérida, 

Yucatán; Campeche City, Campeche; and Chetumal, Quintana Roo), as well as the 

libraries of the autonomous universities of the states of Yucatán (UADY) and 

Campeche (UACAM), and the Universidad de Quintana Roo (UQROO). The final 

method of search for secondary literature was through internet searches related to 

particular places, events, people, or businesses that operated in the Yalahau region.  On 

multiple occasions such searches lead to either new information or to academic 

literature that had yet to be identified. 

 

Archival Research 

 

Archival research was conducted during the summers of 2009-2012 at various 

archives throughout the Yucatán Peninsula.  Primary focus was on the state archives of 

the states of Yucatán (Archivo General en Yucatán; AGEY), Campeche (Archivo 

General en Campeche; AGEC), and Quintana Roo (Archivo General en Quintana Roo; 

AGEQR), but various other institutions were visited, including hemerotecas 

(newspaper archives) as well as the new municipal archives of the town of Kantunilkin, 

                                                            
5 Much of this the existing literature was produced by members of the Yalahau Regional Human Ecology Project 
(YRHEP) of which this project is a part. 
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the largest town in the research area.  I had high hopes for this latter institution, but its 

earliest holdings dated to 2001, and personnel were unable to provide suggestions for 

where additional information could be found beyond what had already been searched.   

 In the summer of 2014 I returned to the AGEY for a final attempt at finding 

documents.    A notation within Allen Wells and Gilbert Joseph’s book Summer of 

Discontent, Seasons of Upheaval (Wells and Joseph 1996:336n52) indicated that the 

archives held the accounting records for La Compania Agricola del Cuyo y Anexas 

(hereafter the El Cuyo Company).  The archives held a total of 11 folders of materials 

that including not only the accounting books for the company but pay records for 1909-

19106, partial or complete company store records for that same period, and even some 

individual receipts.  The folders included records for fincas (job sites) at El Cuyo, San 

Eusebio, Otzkeh, Solferino, and Moctezuma.   I was allowed to photograph these 

records, and did so for El Cuyo, San Eusebio and Solferino.  Due to time constraints, I 

limited the data collected to the account ledgers and a few receipts that bore signatures 

in Chinese script. The discussion in Chapter 5 focuses primarily on the records from 

San Eusebio.  The remaining documents represent a good dataset for future 

investigations. 

 

 

 

                                                            
6 A minimal amount of data from 1907 was also found with the records. 
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Interviews 

 

 A number of short ethnographic interviews were conducted under approvals 

from the Internal Review Boards at the University of California, Riverside and Trinity 

University (Appendix A).  These interviews were informal, and concerned not only the 

sugar and rum industries of the Yalahau region, but all of the different industries that 

have operated in the area from the 1860s to the present, including the harvesting of palo 

de tinte (dyewood, Haematoxylum campechianum) and chicle, natural chewing gum base, 

extracted from the chico zapote tree (Manilkara zapota).  The interviews lasted about 

an hour on average.  Interviews scheduled during the summer of 2012 were conducted 

with the aid of a trilingual interpreter, Miguel (Mitch) Cocom, a speaker of not only 

fluent English and Spanish but also Yucatec Mayan.   

 A major portion of the original goal of these interviews was to ensure that all 

sugar and rum plantations in the study area had been identified.  As the last sugar 

plantation in the region ceased operation during the first decades of the twentieth 

century, it was understood that no one who lived or worked at the sugar facilities when 

they were operating would be available to be interviewed.  Thus, efforts were focused 

on those individuals that labored as chicleros (collectors of chicle) as these men’s 

knowledge of the “bush” is extensive.  This effort to focus on chicleros was stymied for 

two reasons.  The first is that large-scale chicle collection ceased in the 1970s with the 

advent of artificial (petroleum-based) chewing gum base. The second is that most 
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chicleros who collected chicle in the study were from elsewhere in the Yucatán 

Peninsula and returned home each year after the chicle collecting season, and 

permanently when they retired from collecting.  That is, if they survived their labors7.  

Information about the original chicleros being “foreign” to the area was provided by the 

few part-time chicleros that were identified, and by the cronista (chronicler, local 

historian) of Kantunilkin, Don Gaspar Maglah Canul.  

 Each potential interviewee was made aware of their rights, especially the right 

to quit answering questions at any time, and were offered both an introduction letter 

and a consent form.  Neither the University of California, Riverside, nor Trinity 

University, required we collect signed consent forms.  Literacy rates in the region are 

low in smaller villages and this is particularly the case with older people who were the 

general targets as interviewees.  This lack of ability to read makes them generally (and 

understandably) uneasy about signing forms.  On a few occasions the informant 

declined to be interviewed, but in the same sentence said that they would answer any 

questions I had.  This was interpreted as an objection to the formality of on interview, 

but a willingness to speak informally on the subject.  Information from these interviews 

appears here only as local stories. These informants’ names were not recorded during 

the interview process.   

                                                            
7 One interviewee pointed to an area at the edge of the site of San Eusebio and said that was a cemetery where 
chicleros from outside the area who died while away from home were buried.   
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Materials and procedures approved by UCR and Trinity University Internal 

Review Boards8 (Appendix A) allowed audio recording of interviews with the 

affirmative consent of interviewees.  On most occasions I deemed that asking to record 

potential interviewees was likely to be a hindrance to securing the interview. In these 

instances, permission to record was not requested, and no recordings were made.  

Materials approved by the UCR Internal Review Board also spelled out what 

compensation could be offered to interviewees.  This amounted to approximately $10 

per session.  Unwillingness to sign consent forms was interpreted as unwillingness to 

sign receipts for possible reimbursement.  This coupled with often limited knowledge 

of the history of the area made it rare that interviewees were compensated directly.  

Instead, interviewees were provided refreshments, or small purchases were made at 

their stores.  The exception to this were informants that acted as guides paid for on-site 

labor discussed further in the survey methods sections below. 

The goal of these interviews was to identify and provide historical information 

about the industry of the Yalahau region from the 1860s to the present.  It was 

understood that the information that informants had would be spotty and often need to 

be checked through groundtruthing.  Information was assumed to be quite localized, 

especially when it concerned particular sites.  Beyond providing a few local stories, 

confirming that all sugar production facilities in the area had been identified, and 

                                                            
8 The requirements of the Trinity University and University of California Internal Review Boards were generally 
similar.  In cases in which this was not the case, UCR was more restrictive.  All data I collected was collected under 
the strictures laid out by UCR.  All interviews collected by Jennifer Mathews under her IRB approval from Trinity 
University are referenced consistent with UCR’s reporting requirements.  
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accounting for how some on-site structures were destroyed, the interviews were of 

limited value for understanding the past.  These interactions did aid in increasing my 

understanding of informants’ current connections to the sites I investigated. 

  

Photography 
 

 All investigations were documented with digital photography.  This provides 

ample secondary evidence to supplement written descriptions and drawing of sites 

under investigation and visited during the project.  In most cases, standing structures 

and features were cleared of vegetation and all sides photographed.  When practicable, 

scales, direction arrows, and sign boards with text about the feature, were included in 

photographs.    

 All areas that were to contain excavation units were photographed prior to 

removal of any soil.  Excavation units themselves were photographed at the opening of 

each unit, at the bottom of each level (lot), and at any time something of note was 

encountered. Areas that contained shovel probes were photographed after completion of 

excavation. 

The primary camera used is a Canon EOS Rebel Ti digital single-lens reflex 

(DSLR) camera with an 18-55 mm general use lens.  It was used for most photographs 

of standing structures, for primary photographs of all subsurface excavations, and for 

many overview photographs of the sites under investigation and mentioned in various 
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literature.  A smaller point-and-shoot camera, the Samsung ES10, was sometimes used 

as a back up to the DSLR during excavations and other situations in which, if a 

photograph was lost, another photograph could not be re-shot at a later date.  The point-

and-shoot camera was also used during short trips to sites that had already been 

photographed, would be visited and could be photographed more fully at a later date, or 

when weather conditions made the use of a capable but less expensive camera more 

advantageous in case it was destroyed due to water damage.  Various other cameras, of 

differing quality, were used by various project personnel during visits to sites in the 

study area. These cameras were also used in various other instances in which, for 

security reasons, a small camera that could be slipped into a pocket was superior to a 

large camera that was hung around the neck.   

All photographs taken during the excavation phase were tracked using 

photographic logs (Appendix C).  These logs were assigned a sequential number used 

to rename photographs later.  For example, PCEHist_Roll_001_0019, was the first 

photograph, on the first log sheet.  

 

 

 

 

                                                            
9 The use of the term “roll” is an anachronism from before the advent of digital photography. 
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On-Site Investigations 
 

Survey 
 

During initial stages of this project written texts, especially Paul Sullivan’s book 

Xuxub Must Die: The Lost Histories of a Murder on the Yucatan (2004) were scoured 

for any mention of additional industrial sites within the study area.  Sites identified and 

visited by Sullivan include the former settlements of Puntachen and Yalahau as well as 

the sugar plantation at Solferino.  Both of the first two sites were visited during the 

summer of 2012.  Puntachen is now a privately held ranch resting on a small spit of 

land 7 km east of Chiquila, and is nearly surround by the Laguna Escondido.  The ranch 

includes a small restaurant for tourists who, like the project members, book boats trips 

through the tourist cooperative port town of Chiquila.  The owner granted us (Dr. 

Jennifer Mathews and I) permission to look around his land for artifacts and features 

that dated to our target time period.  We identified multiple bottle glass fragments and 

other artifacts that date to the late nineteenth century.   Most of these artifacts had been 

collected by the owner and displayed on an old tree stump. The others were located 

within the tidal zone. All artifacts were outside of their original context.  The area 

around the ranch and diagnostic artifacts were photographed where they were found.  

No artifacts were collected from Puntachen.   



32 
 

Passage to the former settlement of Yalahau was also booked through Chiquila.  

The former town is now included in a small ecotourism park that includes a few 

standing buildings, a large lookout tower, and an “ojo de agua” (freshwater spring) now 

used as a swimming hole but that had been the fresh water supply for the settlement.  In 

both cases, Puntachen and Yalahau, the former settlements are generally located where 

Sullivan (2004) and other sources indicate that they would be.    

At the site of San Antonio Xuxub, Paul Sullivan’s (2004) book was used 

heavily to identify places to survey and collect surface artifacts.  It was also used to 

identify areas that were most likely the sites of worker and manager housing.  This 

shaped the research strategy at San Antonio Xuxub in many ways that are discussed 

later. 

Another method used to identify sites, and features within sites, is termed here 

agent-based survey (Glover 2006).  In its most informal usage, this method draws on 

information produced during interviews about the location of sites.  More formally, this 

method was employed during early site visits to ensure that project members had 

located all standing features.  The expertise of guides also provided information about 

destruction of some features and where artifact concentrations, then obscured by 

vegetation, were located.  Conversations with residents from Solferino, located 12 km 

south of Chiquila, also contributed to the discussion of ambiguity with respect to the 

location of the Solferino sugar plantation and mill.  One resident said that access to a 

well was blocked off as he constructed and added to his house compound, and another 

said that the sugar processing building at Solferino was destroyed during construction 
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of the highway between the towns of El Ideal and Chiquila on which the modern towns 

of Kantunilkin and Solferino also lie today (Figure 2.1).  

Each site that was to be investigated archaeologically was searched for standing 

structures, other features, artifact concentrations and other items of note. Guides were 

also asked if they knew of any other features and if they knew anything more about the 

history of the sites.   At San Antonio Xuxub, descriptions from Paul Sullivan’s book 

(2004) and Google Earth were paired to guide initial and ongoing searches of the site, 

in particular for areas in which personnel were once housed.  

 

On-Site Mapping 
 

 Two different methods for mapping sites were employed; the faster modified 

“pace and compass” method, and more precisely with a total station10.  Rancho Aznar, 

San Eusebio, and Monte Bravo were mapped during the summer of 2011 using pace 

and compass methods as a planned precursor to the creation of more detailed maps.  As 

San Antonio Xuxub was mapped precisely in 2011, no pace and compass map was 

made there.  While mapping Monte Bravo, it became clear that too little of the site 

remained intact for further investigations to be fruitful for this project, and no further 

on-site research was conducted there.  Monte Bravo was not mapped with precision 

survey equipment.  

                                                            
10 A total station is a piece of equipment that is used to precisely record angles and distances between archaeological 
features and other items of note in order to aid in the drawing of very precise maps.  Accuracy for the Topcon GTS-
215 total station is 5” for angles and approximately 1 cm in 100 m for distances.   
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Pace and Compass Mapping. Once all features visible from the surface were 

located, a fixed location was chosen for a mapping datum.  The location chosen was 

picked based on ease of relocation in the future, centrality to the site, and, as a global 

positioning system GPS unit was used, lack of dense overhead cover.  Once chosen, 

this datum point was marked as a waypoint using a Garmin 60 Csx GPS unit, and the 

GPS was set to provide data to backtrack to the datum location. 

 The datum11 was marked at the center of a sheet of metric graph paper and a 

scale was chosen that would allow the site to fit on a single sheet. Next, the locations, 

sizes, and orientations of all archaeological features and object were noted on the map.  

Sizes of features and areas like artifact scatters were estimated using my approximately 

1 m long walking stride.  The orientation of structures was recorded using a Silva 

“Ranger” model compass.   Maps were completed by adding data about the current 

state of the site.  This included such data as location of access roads, fences, and areas 

on or adjoining the site that are currently or recently under agricultural cultivation. 

Mapping using Total Station. Each of the three sites that included excavations 

(San Antonio Xuxub, Rancho Aznar, and San Eusebio) were mapped using precision 

survey equipment.  The equipment used was a Topcon Model GTS-200 series total 

station paired with an HP 48 data collector running Survey GX (TDS 48) software, and 

a zero offset reflecting prism on a telescopic rod.  The Foresight DXM software 

package was used to download points stored on the data collector and convert them into 

                                                            
11 Including the datum’s GPS coordinates in Universal Transverse Mercator (UTM) Projection based on the WGS 84 
datum. 



35 
 

formats that could be used in software programs such as Microsoft Excel, and ESRI’s 

ArcGIS 9/10 suite.  How these software programs were used to analyze, store, and 

visualize data and findings is discussed later. 

 Once all standing structures, and other objects and features visible from the 

surface, were (re)identified a position was chosen for a permanent mapping datum.  The 

criteria for placement of the datum were ease of relocation, centrality to the site and 

maximization of open line of sight between the datum and the rest of the site.  This 

main site datum was marked by a 12-18” piece of reinforcing bar (rebar) hammered 

into the ground.  A second point was found directly north of the datum using a Brunton 

Pocket Transit compass and marked with either rebar or a wooden stake. This second 

point, the north stake, was used to orient the total station on a north-south line.  A 

Garmin 60 Csx GPS unit was left at the datum location for a minimum of ten minutes 

to collect as precise as possible UTM coordinates.  For ease of use on-site the location 

main datum was temporarily assigned the coordinates 1,000 m east, 2,000 m north at 

San Eusebio and San Antonio Xuxub, and 10,000 m east and 20,000 m north at Rancho 

Aznar.  This ensured that it would be easy to tell if northings and eastings were ever to 

be reversed. The main mapping datums were assigned an elevation of 100 m above sea 

level for each site.  These temporary coordinates for mapping data were later replaced 

by their actual UTM locations.  

 Each time the total station was set up the height of the instrument and the height 

of the prism rod were recorded and entered into the data collector. The total station’s 
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horizontal angle reading was set by lining the machine up with the north stake and 

zeroing the reading.   

 Readings were taken by lining up the telescope on the survey instrument with 

the center of the prism rod that another project member held plumb on the point to be 

recorded.  Points were recorded on the edges and interiors of features, artifact scatters, 

excavation unit corners, the centers of shovel probes, and also to show the topography 

of the area and delineate current natural and cultural features of the area like roads. 

 The points collected with the total station were downloaded and backed up 

daily. The procedures allowed for new points to be shot-in to add new finds or 

operation and thus the map could easily be updated as research progressed.  

Metal Detector Survey.  All the sites that were excavated (San Eusebio, Rancho 

Aznar, and Sam Antonio Xuxub) were systematically searched with a Garrett ACE 150 

metal detector in order to identify buried metal remains. Most of the machinery at each 

site was likely removed when the operation was abandoned, and almost all metal that 

remained on-site was removed post-abandonment.   

 The areas that were focused on for search with the metal detector  

are around standing features directly connected to the operation of the sugar mill, areas 

that informants have indicated were where structures once stood, areas between 

standing structures, artifact scatters, and areas that were thought to be likely candidates 

for where plantation personnel were once housed, both workers and managers. 

Indication that there was buried metal in an area was one factor that was used to help 
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with the decision of where to place excavation units, shovel probes, and to collect soil 

samples.  

 

Surface Collection 
 

 Artifacts found at each site (San Antonio Xuxub, San Eusebio, and Rancho 

Aznar) that were thought to have some diagnostic attributes were collected as they were 

encountered.  These attributes include indication of place of manufacture, date of 

manufacture, or clear indication of one or more activities that were performed at the 

site.  As these artifacts were on the surface, they were generally assumed to be out of 

primary context12.  When they were collected, their location was categorized based on 

their proximity to standing features or topographic features of the site.  All artifacts on 

the surface of excavation units and shovel probes were collected as part of those 

excavations. 

 A dense area of artifacts was encountered directly east of the standing structure 

thought to be the company store at San Eusebio. A sample of 25, 5 m by 5 m, surface 

collection units was laid out in this area (Operation 4, see Figure 4.8) These units were 

further subdivided into 2.5 m by 2.5 m lots.  This area was 100 percent surface 

collected for all artifacts except bottle glass. Due to the wealth of artifacts and local 

                                                            
12 This is especially the case at San Antonio Xuxub where many artifacts were found concentrated in an area that is 
seasonally inundated on the very edge of the mangrove swamp.   
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concerns about how many artifacts were being collected, bottle glass was only collected 

if it included a portion of the base or the finish.   

 

Subsurface Investigations 
 

Designation of subsurface activities. Areas to be excavated with 1 m by 1 m test 

pits were assigned an operation (Appendix B) number. Test pits opened in that area 

were assigned a suboperation letter alphabetically in the order in which they were laid 

out.   All shovel probes from each site were assigned a single operation number.  Each 

area in which shovel probes were located was assigned a suboperation letter 

alphabetically in the order in which they were laid out.  Each individual shovel probe 

was assigned a number (lot).  Later, test pits and shovel probes were mapped with a 

total station to establish their location on the site grid.  Test pits were mapped at their 

four corners and shovel probes were mapped in the center of the probe, with the rod 

being held to approximate the modern ground surface prior to excavation. Soil samples 

collected from shovel probes were given the same spatial designation as the shovel 

probe even if the sample was collected from a sidewall, and the elevation below ground 

surface was recorded.  Soil samples from other areas were designated/labelled using a 

similar operation-suboperation-lot designation and also tied into the site grid. 

 This tripartite system is broken down into Operation (Op, designated by 

number), Suboperation (Subop, designated by letter), and Lot (designated by number) 

and is a modification of the Tikal system.  It can also be thought of as goal, sub-goal, 
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and individual data point.  If, for example, all excavation units around the sugar 

refining building at San Antonio Xuxub were designated as Operation 5, the first unit 

opened would be Suboperation A.  In this case, what the Lot is becomes flexible.  It 

may be a soil sample, all the soil from a particular elevation range in the unit, or even 

from one part of the unit while the rest is divided into one or more separate lots.  The 

designation for material recovered from the first lot of this unit would be Op5A/1.    

 Soil samples from shovel probes were assigned a parallel operation and 

suboperation and a soil sample was taken from each lot excavated from shovel probes.  

Soil samples recovered from excavation units were considered part of that excavation 

unit and were designated as lots from said unit.  If more than one soil sample was 

recovered from a single lot in an excavation unit, they were designated as sub-lots (for 

example Op 5A/1_1) 

All materials collected (soil, other ecofacts, and artifacts) were checked in using 

an Excel spreadsheet (Appendix C).  This made tracking the nature of each lot easier 

and also made it clear if there was a missing sample, or if no sample was taken.  

Excavation Methodology: Shovel Probes. Shovel probes were excavated in 

areas that did not contain surface architecture but showed promise for subsurface 

remains, especially where plantation personnel were housed.  Probes were generally 

laid out in a linear or grid pattern on magnetic cardinal directions. 

Shovel probes were approximately 30 cm in diameter and quickly excavated 

with a spade-shape shovel, a post hole digger, a metal bar, a mattock (as necessary) to a 
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depth of not less than 30 cm13 or bedrock, whichever came first.  All material was 

screened through hardware cloth of not bigger than 6 mm (1/4 in) mesh, and all cultural 

material was bagged and recovered.  Side walls of each shovel probe were examined 

and soil changes recorded.  All information for each shovel probe was recorded on the 

Shovel Probe field form (Appendix C).  Shovel probes were backfilled once all 

information was recorded, samples taken, and location recorded with the total station.   

 Shovel probes were not assigned a Munsell soil color in the field.  Munsell 

colors were assigned once a subsample of each soil sample (including test pits all other 

samples) was dried.  This allowed for consistent moisture content and lighting when 

color was assigned.  Munsell soil colors were assigned to lots and strata within test pits 

during excavation. 

Excavation Methodology-Excavation Units.  Excavation units were excavated in 

areas near, but not on, standing architecture.  Excavations commenced in levels (lots) 

that were based on change of soil strata but were not more than 15 cm thick even if no 

soil change had occurred. A variety of tools were used including shovels, small picks, 

and trowels.  All material was screened through 3 mm (1/8 in) mesh hardware cloth, 

and all cultural material was bagged and recovered.   

 Information for each lot was recorded on the Excavation Lot form (Appendix C) 

which included the name of the site, the designation of the unit; elevation at each 

                                                            
13 Early shovel probes at each site were excavated to 50 cm to investigate general soil depth and to establish probably 
locations of cultural material bearing soil strata.  Occasionally probes were excavated slightly deeper either due to 
excavator zeal or desire to reach bedrock. 
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corner, and the center of the unit below the mapping subdatum; description of what was 

found in the lot, as well as the unit thus far; soil description; photographs taken of the 

lot; drawings of the unit made during the current lot’s excavation; artifacts and samples 

collected; and the initials of the excavator. 

 Units were excavated until a complete 15 cm lot was excavated without any 

artifacts found or bedrock was encountered. Once excavation was completed, profiles 

of a minimum of two adjacent side walls of each unit were drawn, noting changes in 

soil color and consistency, and any building material found in the side walls.   

 All units opened for each site were left open until excavations were completed 

at that site. Open units were covered with plastic sheeting each afternoon before work 

ended for the day in case of rain.  Units were backfilled once excavation was complete 

 

Soil Sampling 
 

 Soil was collected for phosphate and soil pH analysis.  A 4oz capacity Whirl-

Pak sample bag worth of soil (approximately 100 g) was collected from each shovel 

probe and one or more were collected from each level in each excavation unit.  Samples 

in shovel probes were collected from 5-15 centimeters below the modern ground 

surface in order to avoid the organic horizon.  Other samples were collected as the 

investigator deemed necessary and the reason for collection was stated in field notes 

and briefly on the sample bag. 
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 Each sample bag was labeled with the provenience. Samples were collected 

with stainless steel serving spoon that had been cleaned with phosphate free soap, 

rinsed with purified drinking water, and dried with clean cotton cloth14.  Any minimal 

contamination from phosphates in the purified drinking water is consistent across all 

samples and thus did not affect conclusions.  

 

 

Laboratory Analysis 
 

 

All materials collected were taken to the project laboratory house, logged in, 

and separated by type (artifacts, soil samples etc.) in preparation for further analysis.  

Any problems related to provenience were reconciled prior to storing samples.  

 

Artifact Data 
 

Cleaning. Bags containing artifacts were opened one at a time on a cleared 

table. Any items that could not or should not be cleaned by submersion in water were 

                                                            
14 It was deemed impossible to ensure that the water used throughout the testing process was phosphate free but all 
water used was from the same source and processed similarly.  Meyers et al. 2008 encountered the same issue at 
Hacienda Tabi using the same testing method.  These scholars assumed that any phosphates in the water would be 
consistent noise in the testing and may slightly raise all chemical levels.  This does mean that phosphate levels at 
different sites are not comparable in absolute terms but that is of unknown utility anyway.  This does not affect the 
validity of qualitative inter-site analysis and comparisons. 
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removed, bagged separately and that bag marked with special cleaning instructions.  All 

other items were cleaned by hand in clean water with gentle scrubbing using a 

toothbrush when necessary.  The items were then left to air dry with special care paid to 

ensuring that items from different bags were not mixed.  Items that could not be 

cleaned by submersion in water were cleaned through standard accepted methods and 

patterned on the San Pedro Maya Project (Church et al. 2010; Yaeger et al. 2002) 

during its work on a similarly aged site in western Belize.  This cleaning was light 

brushing with a dry toothbrush or manual removal of any loose soil.  Once dry, artifacts 

were placed in clean marked plastic zip-top bags. Ferrous metal was allowed to air dry 

and stored either in paper bags or unsealed plastic zip-top bags. 

Analysis.  Artifacts were analyzed using a method and database also patterned 

off the one used by the San Pedro Maya Project. Artifacts were analyzed and their 

material, size, original use, secondary use, pattern or other decoration, date of 

manufacture, place of manufacture, manufacturing scars, and any additional details 

were noted.  All artifacts were also weighed as this is the one metric that can be applied 

to all artifacts.  For artifacts that had decoration (whiteware with patterns, embossed 

bottles, etc.), manufacturing marks, or were of unknown use, a modest field library was 

available for further research.  This library included sources for bottle shapes and 

designs (Fike 1987; Lindsey 2016; Toulouse 1971) and, ceramic patterns, and more 

generalist sources such as reprints of period catalogs from Sears Roebuck and Co. and 

Montgomery Ward.  Items that needed further research were described and 

photographed for later investigation.   
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Artifact photography was completed during each field season.  Photography was 

generally completed outside in natural light on black, white, or neutral (more or less) 

gray backgrounds.  Artifacts were chosen to be photographed based on their 

completeness, intrinsic connection to the period under study, or if there was more that 

could be learned from them with further research.  During photography, special 

attention was paid to decoration, lettering/embossing, and other diagnostic attributes 

that may yield additional information.  Photographs were generally taken as technical 

photographs including a size-scale and description of provenience.  Items from bottle 

base, bottle finish, and European ceramic sub-assemblages were marked with their 

provenience and photographed as groups.   Occasionally, more artistic photographs 

were also taken of particularly interesting examples, for use in reports and publications.  

A small number of artifacts were photographed, but not collected, during visits to the 

sites of Puntachen, and the former settlement of Yalahau.  This photography was ad hoc 

and usually the objects were held in hand during photographing.   

Artifacts were photographed using a mix of digital cameras; a Rebel Ti DSLR, a 

Samsung ES10 point-and-shoot, and a Canon PowerShot A530.  An iPhone 4S was 

sometimes used to in concert with the DSLR. The camera(s) used during photography 

of each batch of artifacts differed based on trial and error depending on which camera 

produced the best results at any given time.  Each camera’s default settings were used 

unless otherwise noted on photography logs15.   

                                                            
15 Photographic logs for artifact photography were much less standardized than those used during investigations but 
always included provenience, artifact description, and additional notes.  
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Illustration. Scale technical drawings were completed of artifacts for use in 

publications, that have lettering or other details that are hard to see, or whose details do 

not photograph well.  Drawings were made using standard archaeological conventions 

and methods.  Original illustrations were made in pencil and then traced and inked 

using a light table.  

Care and Curation.  After analysis, photography and illustration were 

completed, artifacts were packed and stored in plastic bins.  How artifacts were stored 

was based on the material of the artifact.  Generally, delicate and more intact items 

were wrapped in tissue paper and sealed in their zip-top bags.  Ferrous metal items 

were placed in an unsealed zip-top bag or placed in a paper bag. Delicate metal objects 

were wrapped in tissue paper. Small, stable, and fragmentary objects were curated in 

their zip-top bags without being wrapped in tissue paper.   

 The bins containing artifacts were kept in the storage area of the project’s rented 

house.  The house has been secured with security doors and anti-theft bars on all large 

windows.  INAH will be consulted in the near future concerning long-term curation 

 

Soil Testing 
 

 

Available phosphate concentrations were determined using the Mehlich II 

method.  Complete testing procedures are provided in Chapter 6 (Eidt 1979, Mehlich 

1978). 
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Data Storage 
 

Data handling and storage during the project differed based on the data type.   

Cameras were downloaded and photographs renamed, not less often than after every 

two days of fieldwork.  Original field notes and forms, including photographic logs, 

were scanned on a weekly basis. 

 The artifact analysis data was entered directly into a Microsoft Access database 

that was backed up on a daily basis anytime analysis was performed.  All intermediate 

files were retained.  Soil Phosphate and pH readings were recorded by hand on a 

datasheet created for this respective purpose (Appendix C).  These data were then 

entered into a Microsoft Excel spreadsheet that included columns for site, provenience 

(Operation, Suboperation, Lot) date of sampling, date of analysis, pH meter reading, 

colorimeter reading, and any notes.   

 All data were stored in at least two places.  For most data this included the 

original, a copy on the investigator’s personal computer hard drive, and a copy 

uploaded to the Dropbox or Google Drive cloud services on a weekly basis.  For 

photographs the original copy was replaced by a copy located on an external hard drive.  

Due to their size and the number taken, non-excavation photographs from prior to the 

2013-2014 field season were kept on external hard drives, some of which were stored in 

Riverside, CA and some and some located at the field laboratory in Kantunilkin, 

Quintana Roo, Mexico, during fieldwork and at the University of California, Riverside 
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afterward.  In compliance with stipulations of the human subjects protocol approved by 

Human Research Review Board at The University of California, Riverside (HS-12-043 

and HS-15-039) all interview notes were scanned, and copies printed that were stored 

separately from the originals.  

 

 

Data Analysis 
 

 

Data in the artifact database was analyzed looking for what types of goods to 

which the people residing and working at the sites investigated (San Antonio Xuxub, 

San Eusebio, and Rancho Aznar) had access, and the patent or manufacture dates of the 

objects. 

 Soil data was mapped using Surfer 8.0.  Using the kriging method described by 

(Meyers et al. 2008), the way in which soil phosphate concentrations were patterned 

even in the areas not sampled could be inferred.   

 The most important information was found when multiple data types were 

synthesized to form a complete picture.  Analysis of the landscape, where would be the 

best spots to live, and the data from textual sources for instance (Woodhead et al. 1984) 

provided further information with which to interpret the sites. 
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CHAPTER 3 : YUCATAN’S LABOR HISTORY 
 

The labor and political history of the Yucatán Peninsula is the history of a 

system, that though changing through time, was set up and operated to structurally 

disenfranchise the laboring class, especially the indigenous inhabitants (Patch 1985; 

Rivero 2003; Sweitz 2012).  This started with the expropriation of indigenous lands 

during the conquest (starting ca. 1525), continued with the encomienda (ca. 1525-1785) 

and repartimento systems (1542-ca. 1820) and the eventual destruction of any 

semblance of indigenous self-rule (elites were effectively stripped of most power by the 

middle of the sixteenth century), and ended officially, if not in always in fact, when the 

debt peonage system ended along with the Porfiriato, as the presidency of Porfirio Diaz 

(1876-1911) is known, when the Mexican Revolution reached the Peninsula (Patch 

1993; Wells and Joseph 1996).  The topic of this work is the period 1870 until 1920, a 

period of peninsular landowners consolidating their gains after the defeat of the 

primarily Maya insurgency in what is known as the Caste War, and dealing with 

continuing insurgent raiding intended to disrupt commerce and social order. The 

chapter provides a very brief synopsis of the time from European Conquest until shortly 

before the beginning of the Caste War, a fuller explanation of the antecedents of the 

Caste War and the conflict itself, and ends with an analysis of the different methods 

employed by hacienda owners to acquire and retain workers for their haciendas.  
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The Encomienda and Repartimento Systems 
 

The encomienda system was set up on the Yucatán Peninsula following the 

European Conquest.  Unlike future economic institutions used to expropriate value 

from the Maya population, the encomienda did not include a piece of land on which 

Maya would labor.  Instead, an encomienda was a tribute and labor based system that 

granted encomenderos a predetermined amount of labor, and fruits of labor, from the 

indigenous populace (Lockhart 1969:411; Patch 1993; Sweitz 2012; see also Rey 

1976).  While the imposition of the encomienda by an outside European power was 

new, the encomienda system actually paralleled Maya tributary practices.  It should be 

seen as co-option of existing forms rather than as something altogether new (Patch 

1993; Sweitz 2012).  This represents the incorporation of Maya forms into the world 

economy, however involuntary that incorporation may have been (Patch 1993; Sweitz 

2012).  Thus the encomienda system, if not the Conquest, was the start of globalization 

on the Yucatán Peninsula.  That said, Lockhart (1969), citing Zavala (1935) 

complicates the issue by arguing that the right to tribute was actually a later addition to 

the encomienda that had first been limited to labor tribute.  Thus it appears that the 

usurpation of pre-Contact Maya practice was not immediate but a later addition. 

Zavala (1935; see also Lockhart 1969) also complicates the understanding of the 

encomienda with his discussion of landholding and the encomienda.  He argues that the 

encomienda was just a grant of labor service and tribute but did not actually include any 

lands.  In doing so, Zavala makes clear that this is not a prohibition on holding land, 

and that encomenderos commonly purchased whatever quality land was available.   As 
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Zavala notes, even if there was no juridical link between owning an encomienda and 

holding land, there was a need to have land on which to have Maya complete their labor 

service.  If it ever occurred that an encomendero did not hold land it would have been 

quite rare.  The link between landholding and encomendero status was not a matter of 

law, but was a matter of fact (Zavala 1935).  

A second colonial institution that operated as a vehicle to extract wealth through 

forced labor was the repartimento. A repartimento was largely a successor institution to 

the encomienda that was instituted in response to what were considered abuses under 

the encomienda system (Lockhart 1969; Patch 1993).  Under the repartimento system 

the labor that could be extracted from the indigenous population was limited and 

intermittent (Lockhart 1969; Patch 1993; Zavala 1935). Despite the acknowledged 

abuses of the encomienda system, there were limited examples of encomiendas and 

repartimentos co-occurring in the same area (Lockhart 1969).  Access to land in some 

form was necessary for a repartimento to operate successfully. 

The issue of land ownership is complicated in New Spain, in at least one other 

way.  Spanish royalty had enough political intrigue operating in Spain to understand the 

threat that a new class of Spanish nobility posed to them.  That these aspirant nobles 

lived far from Spain, where it was harder to surveil them, made this issue all the more 

pronounced.  Instead of granting perpetual land grants in the New World, the Spanish 

Crown ensured that land grants expired with the death of the grantee.  This helped to 

ensure fealty during the life of the grantee, and while grants were often resold to the 

next generation of the same family, loyalty had to be proven in order for that to happen. 
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Other, sometimes landless, Spaniards loyal to the crown, could vie to receive the lands.   

This helped to ensure a new nobility did not cement itself into place in Spanish colonies 

(Chevalier 1970:299).   

The threat of a far-off new nobility also contributed to standards on treatment of 

indigenous populations.  By limiting how much the Maya (and other indigenous groups 

throughout New Spain) could be forced to produce, the Spanish Crown was still able to 

extract a handsome tribute while not helping to arm potential future enemies.  There 

were Spaniards who genuinely thought that the native populations should be treated 

“fairly” but this was not the only impetus for laws governing treatment (Farriss 1984). 

Yucatecan elites searched for many decades for a viable and profitable industry 

at the large scale.  Sugar production was attempted as early as 1540 but was abandoned 

when the Montejo family was stripped of its encomienda (Patch 2003:567). Indigo was 

not important after the boom times of the second half of the sixteenth century.   

 

Geographic, social, economic, and political influences, there worked to keep 
agriculture in the hands of the Indian peasants. With the exception of short-lived 
attempts to produce sugar and indigo, Spaniards had made no attempt to enter 
into agricultural production.  Moreover, since Spanish society depended on the 
payment of tribute by Indians, Spaniards had a very good reason to protect the 
natives from dispossession and they had no cause to interfere in a major way 
with Indian land tenure [Patch 1985:25-26]. 

 

The rocky, thin, and easily exhaustible soils of the Yucatán, coupled with a total 

lack of surface rivers, represented an important natural impediment to most cash-crop 

agriculture (Fedick  1998; Fedick and Taube 1995; Fedick et al. 2000; Gómez-Pompa 

et al. 2003; Patch 1985:23; 2003). The Maya of the area utilize “deep, soil-filled 
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bedrock cavities as ‘containers’ for growing crops” (Fedick 2014; see also Fedick et al. 

2008).  So while local Maya have learned to grow a wide array of plants for subsistence 

use, the particularities of the terrain make most cash cropping not feasible. One 

exception in the northeastern Yucatán Peninsula is sugarcane. 

 The Spanish need for large tracts of land that eventually contributed to the Caste 

War and the domination of the haciendas started slowly. The first foray into industrial 

agriculture on the part of the Spanish were cattle ranches, estancias, but these were 

mostly small–scale.  Patch (1985:39) reports, from data based on 54 estancias, only 

three grew crops, in all cases maize; the median number of cattle was 87 head, that one 

quarter of estancias had 21 or fewer head, and the highest quartile had 180 to 263 head.  

The staffing needs at estancias were also very low and thus estancias did not require 

extra-ordinary measures to attract and retain multitudes of indigenous workers.  Patch 

(1985:29) also reports that of the 53 estancias for which records were available, only 5 

included debts for peons.    

By 1750 Maya populations, which had fallen greatly due to war and disease, 

started to rebound and this continued as a general trend until 1847 (Alexander 2004:24; 

Patch 1985:31).  Before 1750 grain shortages occurred only as a result of general crop 

failure but “[a]fter that date, however, anything less than a good harvest resulted in a 

grain shortage; and crop failure produced famine” (Patch 1985:31-32). 

The need for laborers had necessitated the continuation of labor drafts.  The 

emerging problem was that this labor was not configured to satisfy local need.  High 

export demand was met even when there was local need for foodstuffs like rice, and 
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high demand in Havana and Veracruz led to expansion of the estancia sector of the 

economy (Patch 1985:33). The problem can be encapsulated by the comparison of 

sugar/aguardiente16 production vs. grain production.  In 1750 approximately 40 percent 

of the imports coming into Yucatán through the port of Sisal were sugar and 

aguardiente, but by the 1770s the Crown set limits on production in response to 

complaints from elsewhere in the Spanish empire.  The sugar and rum industry was 

outstripping the supply of workers in the peninsula, but there were still few non-natives 

producing grain (Patch 1985).   

As estancias became larger, and the importance of haciendas grew, land was 

becoming more scarce.  The result was that luneros, Maya (usually) that worked one 

day a week, typically Mondays, became more important than drafted labor (Patch 

1985:43; Rivero 2003:577).  Luneros are probably best interpreted as an intermediate, 

and unstable, step between Maya living in an independent village and working as 

resident debt peons.  Luneros started as free laborers who traded work on Mondays for 

access to land for growing milpa.  The landowners could not punish luneros or require 

cash payments (Patch 1985:43).  Luneros, however did not receive the benefits of 

peonage.  They were not exempt from “civil obligations of military service, paying 

taxes and…fagina17 [labor]” like debt peons were (Meyers and Carlson 2002: 228 see 

also  Baerlein 1914:30; 2002:229; Patch 1985:43; Raymond 1977:372; Wells 

1984:223).  For a time, the landowners preferred the lunero system and protested a 

                                                            
16 A form of rum. 
17 “fagina” not italicized in original 
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proposed law that would have made them pay the luneros’ taxes and would have 

attached them to the estate (Patch 1985:43).  Another benefit of the hacienda to the 

luneros is that it allowed the construction of new agricultural centers that otherwise 

would have been established in secret and in violation of the practice of reduccion, that 

had been concentrating people in larger settlements that often held too few lands (Patch 

1985:44).  In 1786 landholders were made responsible for lunero taxes.  By 1813 labor 

service was doubled compared to 1786 (Patch 1985:44; see also Rivero 2003:577). 

In 1808 King Ferdinand VII abdicated the Spanish throne to Napoleon 

Bonaparte of France who installed his brother Joseph on the Spanish throne (Rodriguez 

O. 2002:37).  Around 1810, sensing weakness in Spain, smalls groups of independence-

minded Mexicans began pushing that agenda, in fits and starts, with many receiving 

prison and death sentences as they were discovered and captured by Spanish loyalists.  

The independence movement did not start out as an independence movement at all, but 

was in support of the restoration of Ferdinand VII to the throne of Spain and its 

colonies (Rodriguez O. 2002:111).  Some soured on Ferdinand, while others realized 

restoration was impossible, and began to see Mexican independence as the goal.  The 

repression of elites in New Spain was found retrospectively to have been a wise move 

and given the opportunity, powerful Mexicans pushed to secede.  The secular priest 

Jose Maria Morelos lead the forming of a legal framework for the insurgency at the 

Congress of Chilpancingo, made up of representatives of the separatist provinces 

(Foster 1997: 110; Rodriguez O. 2002:222-234). 
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Vicente Guerrero, the son of a wealthy Spanish loyalist, and who would become 

the second president of the independent Mexico, led the movement as a guerilla 

insurgency after Morelos was defeated at Temalaca in 1815 (Foster 1997:111; 

Rodriguez O. 2002:232-234).  Once Morelos was captured and executed in 1815, the 

insurgency was hard-pressed to find good leaders, and the popularity of the movement 

decreased (Foster 1997:109-111; Hale 1989:131). 

The reinstatement, but incomplete implementation, of the Constitution of Cadiz, 

which would have granted more autonomy to Mexico, angered Mexican elites who had 

previously sided with Spain, and led them to support the independence movement 

(Rodriguez O. 2002:268).  On September 27, 1821 independence was achieved, and 

Mexico became a federal republic in 1823 (Foster 1997:110-111; Rodriguez O. 

2002:342-345). 

 

The Caste War and its Underpinnings 
 
 
 
 Following independence, the elites of Mexico, including the those of the 

Yucatán, moved quickly to lift the limits that had been imposed by the Spanish Crown 

on their treatment of Mexico’s indigenous inhabitants (Farriss 1984).  The strategies 

elites used varied by region, as did the strategies used by the Maya to adapt to these 

strategies. 

The existing land tenure system that had been previously stressed was 

destroyed.  In the past, most lands were held communally by towns and villages, and 
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access was granted by the town government in part in exchange for labor helpful for the 

community known as fagina.  The size of these lands was significantly curtailed and 

other lands were privatized as 134,000 hectares was removed from indigenous hands 

(Alston et al. 2009:110; Sweitz 2012:241).  By 1843 luneros were all but 

indistinguishable from other peons (Patch 1985:44).  Katz defines debt peonage as: 

 

a form of forced labor, which develops when a number of social and 
economic prerequisites for bondage in agriculture (such as a powerful 
group of large landowners, a shortage of labor, etc.) exists but the state 
officially refuses to implement bondage while tacitly tolerating and 
acknowledging it under another name. [Katz 1974:2 in Meyers and 
Carlson 2002]. 
 

Once attached to a hacienda, the owner, or hacendado, dominated the lives of 

workers, including punishing them with extra (unpaid) work or beatings for even small 

infractions (Patch 1985:44; Rivero 1999; Robinson 2011:212).  The labor regimes of 

the Yucatán were more and more being influenced by external forces rather than 

internal needs of the region, and resulting in mass exploitation of workers18 (Patch 

1985:48; Sweitz 2012:241).  This exploitation would only grow (Farriss 1984:382-383; 

Meyers and Carlson 2002:227; Patch 1985:41-45; Zavala 1944). The primarily, but not 

exclusively, Maya workforce had few options, especially once the lunero system was 

dismantled.  They could try to find a way to survive, cultivating the limited land that 

                                                            
18 Sweitz (2012:241) disagrees with Patch’s (1993:153) contention that external forces were not 
involved in the development of the market for sugar and cane alcohol because of the European 
goods found during excavations of the lowest Colonial Period strata at Hacienda Tabi. 
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was available to them and either assent to, or try to avoid, the required yearly military 

service; they could become a resident peon, also known on a hacienda as peones 

acasillados or gananes (Katz 1974:4); or they could flee.  Many who fled made their 

way to the northeast corner of the peninsula and into what is today northern Quintana 

Roo (Gust and Mathews 2011; Mathews 2009; Mathews and Croatt 2010; Rugeley 

1996; Sullivan 2004).  Soon another option was to be chosen.  

Throughout the 1840s the debt peonage system became more solidified, and 

more onerous.  Florescano (1987:264) describes the “resident workers as nominally 

free but without freedom of movement”.  It became less and less possible for the lower 

class to avoid becoming indebted as available land from which the lower class could 

make a living became scarcer.  With indebtedness came restrictions on movement as 

workers could not leave the hacienda without permission until their debts were paid off.  

Lack of mobility meant that workers and their families had to buy needed supplies from 

the company store, possibly at high markups (Wells and Joseph 1996:159).  This 

perpetuated and exacerbated the debt cycle.  In 1843 the Yucatec government 

“legitimated the use of peonage as a bonding mechanism” (Alston et al. 2009:110) 

making it easy to entrap workers into a cycle of debt out of which few ever emerged. 

This same law also barred peons from being employed elsewhere if they left without 

paying their debts, and granted haciendas legal authority on judicial matters (Alston et 

al. 2009:110; Katz 1974:8; Meyers and Carlson 2002:227; Zavala 1935). 

The Caste War of the Yucatán, Guerra de Castas, started on 30 July in 1847, 

with Cecilio Chi of Tepich (Reed 2001:72) initially in command of the largely Maya 
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forces.  The forces swept through the countryside, freeing workers from servitude and 

sometimes killing or capturing the owners and their families.  While land loss was a 

major issue, enclosures did not directly predict the likelihood that a settlement would 

participate in a revolt (Rugeley 1996:130). The Maya in revolt engaged in skirmishes 

and larger battles as they moved north and west, recruiting new fighters as they 

travelled.  Both sides of the conflict raided pueblos and villages as they moved, looking 

for traitors to the respective causes and seizing supplies.  Acts of brutality were 

committed both by rank and file soldiers and fighters on the battlefields by military and 

rebel leaders within their respective strongholds (Reed 2001:67-73; Rugeley 1996:xii; 

Sullivan 2004).  

From their stronghold of Chan Santa Cruz (now known as Felipe Carrillo 

Puerto), in the southeast of the peninsula, the rebels represented a local threat until they 

were finally defeated militarily by government forces in 1901 (Reed 2001).  In the 

interim, rebels held prisoners and would occasionally raid settlements.  While no longer 

a peninsula-wide threat after the mid-1850s, the continuing belligerence of the Santa 

Cruz Maya was a source of political, social, and economic instability.  Another side 

effect of the Caste War was that it ended Yucatán’s ambitions of independence from 

Mexico.  Facing defeat by the rebels in 1848, the government of the Yucatán, having 

previously declared independence, sought and received military aid from the Mexican 

government, but at the price of rejoining the republic (Rugeley 1996:123).  

The Caste War did not end quickly or clearly.  By the mid-1850s, the Mexican 

and Yucatecan armies controlled most of the peninsula but the rebels flourished in 
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Chan Santa Cruz.  The rebels or insurgents were known as the cruceros.  This name 

derived from their adherence to what became known as the Cult of the Talking Cross 

(Dumond 1985, 1997; Reed 2001).  During major hostilities, a cross, often described as 

floating and/or draped in blue fabric, was said to talk to rebel leaders, counseling them 

on the next steps that they should take as they prosecuted the war.   

Chan Santa Cruz became not only a defensible position for holdout rebels but 

also a base from which raiding could originate.  The raiders would then retreat to the 

relative safety of the Chan Santa Cruz area.  Thus, even after major hostilities ended, 

commerce and the safety of landowners was effectively threatened by the cruceros.   

As with most conflicts, there were multiple perspectives on the Caste War. The 

perspectives of the warring groups were obviously diametrically opposed to each other; 

each side wanted to control the peninsula outright.  The peninsular government and 

their primarily white supporters wanted to remain in control and needed a pliant 

laboring class in order to rebuild destroyed cities, towns, and haciendas (Patch 1985;  

Rivero 2003).  The cruceros wanted to free the peninsula of whites, often saying that 

they wanted to push the whites into the sea (Reed 2001).  Clichéd as it is, this left no 

ambiguity in the ambitions of the rebels; they wanted the whites gone and would effect 

that change by any means at their disposal.  As is always the case, there was not 

universal support or participation by the indigenous and laboring populace in the 

rebellion.  Perhaps the best way to see the non-participant lower class populace was as 

a disputed resource base.  Both armies, the allied Yucatecan and Mexican forces, and 

the rebels, needed supplies in order to continue fighting.  These supplies came in the 
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form of food, clothing, military equipment, and conscripts.  By most accounts the rebels 

were at least as brutal as the government forces when they expropriated the populace 

(Reed 2001). This probably raised fears in the minds of the people about whether there 

was a benefit to them even if the rebels were to prevail.   

War weariness among the general populace led some villages and towns, 

primarily on the periphery, to settle with the government of Yucatán, pledging military 

support in exchange for protection and peace (Reed 2001) in the 1850s.  Other groups 

moved south towards current-day Belize.  One place that formed a pact with the 

Yucatecan government was Kantunilkin, the largest town near the north coast of 

Quintana Roo, the focus of later discussions, which settled in 1855 (Reed 2001; 

Sullivan 2004).  Due to such agreements, and problems with being resupplied, the 

rebels were pushed also out of northwestern and central areas of the peninsula (Reed 

2001). First, it ended the open hostilities between them and government forces.  This 

meant a return to some level of normalcy.  They were free to farm without the constant 

threat of their fields being raided or burned.  Conscription generally ended, though 

communities were sometimes required to provide volunteers to aid the military and 

regional authorities, on a case by case basis.  This was the case in the large town of 

Kantunilkin, within this project’s study area.  The other major benefit to these now 

peaceful communities was that the negotiated peace contained stipulations that included 

rights to limited self-rule (Reed 2001).   

Strategically, these peace agreements benefitted government forces because 

they meant that military units could be redeployed into hot zones, leaving only small 
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garrisons or even sheriffs with limited forces and temporary volunteers, in charge of 

keeping the peace.  Another important development in this was that while government 

forces acquired uneasy allies, the townspeople became seen as traitors to the cause of 

ridding the peninsula of the European oppressors.  The towns cooperated with 

government forces, Kantunilkin for example, and later took up arms against rebels 

because they were now seen to be the most dangerous enemy (Reed 2001; Sullivan 

2004).   

 For the Maya, and other non-elites outside rebel-held territory, the failed 

revolution generally worsened their situation but did succeed in slowing the expansion 

of haciendas for about 10 years (Meyers and Carlson 2002:228; Rugeley 2009).  New 

laws were passed doing away with ejidos and most other group ownership of land, 

further lowering limits on what group ownership of land remained, restricting access to 

what little land that villages were entitled to, and generally allowing the privatization of 

much of the peninsula including vital resources like water and game (Bracamonte y 

Sosa 1993:154; Meyers and Carlson 2002:228-229; Rivero 2003:577; Wells 1984:221-

222).  The years following the end of major hostilities, until 1876 when Porfirio Diaz 

became president of Mexico, were a time of increased pressure on the Maya; more land 

was privatized and more and more Maya workers and their families became attached by 

debt to the haciendas (Alston et al. 2009; Rivero 2003; Sweitz 2012).  If a single word 

was to be associated with the Yucatán during the Porfiriato, that word would be 

henequen.   
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 The henequen boom began in “1878 [with]… the invention of the twine-binding 

harvester in the United States (McCormick reaper). The reaper required a 

biodegradable twine whose supply was certain. Henequen’s [Agave fourcroydes] three 

to four-foot long fibers and general imperviousness to disease and pestilence fulfilled 

that need perfectly” (Alston et al. 2009:113).  The second necessary development was 

the rasping machine used to free fiber from the henequen leaves (Rivero 2003:571). 

 With the invention of the McCormick harvester, demand skyrocketed with 

“[e]xports of henequen [rising] from less than 6 million kilos in 1875 to 43 million in 

1885 and to 81 million in 1900” (Alston et al. 2009:109).  Almost all of this was 

exported to the United States and almost all was imported by the International 

Harvester Company19 and Yucatán’s ‘green gold’ changed “one of the poorest states in 

the republic to one of the richest” (Alston et al. 2009:109).  The rise and fall of many of 

the henequen export houses is recounted in great detail by Gilbert Joseph, Allen Wells 

and their colleagues (Joseph et al. 1986; Wells and Joseph 1996) and culminated in the 

same year Olegario Molina y Compania became International Harvester’s sole supplier, 

and Olegario Molina was elected governor of Yucatán (Alston, et al. 2009:109; Joseph 

1988:45-48; Joseph et al. 1986; Wells and Joseph 1996).  Monoculture henequen was 

very profitable for a small henequen oligarchy that were dubbed the “Casta Divina” or 

Divine Caste, but for most others it meant backbreaking work (Mattiace and 

                                                            
19 International Harvester Company was created through the merger of the McCormick Harvesting Machine 
Company, the Deering Harvester Company and three small firms in 1902.  Prior to that the former constituent parts 
of the International Harvester Company held a near-monopoly on henequen imports into the United States, 
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Nonnenmacher 2014:369;  Rivero 1999:7). As the dual roles held by Molina attests, 

often economic elites were also political elites (Wells and Joseph 1996:158) 

 Consolidation of the export supply was generally negative for everyone in the 

henequen production except for the Olegario Molina y Compania.   Before 

consolidation, producers could negotiate with export companies for the best price for 

their crops.  This sometimes included production loans that acted to smooth out supply 

shocks, adding a measure of predictability to the economics of agricultural production.   

With consolidation of the export supply, the International Harvester Company 

was able to dictate prices and terms to suppliers (Joseph et al. 1986; Wells 1985; Wells 

and Joseph 1996).  After capturing all of the supply, Olegario Molina y Compania no 

longer had to constantly look for henequen to meet demand, and no longer needed to 

prop up suppliers in times of need.  This lead to the economics of henequen haciendas 

becoming even more tenuous, as there was now little cushion against crop failure.   

Added to this is that, as Alexander (1999, 2003) notes, many haciendas were owned 

either as collateral for other business dealings or simply used to fund life in Merida, or 

other cities, for their often absentee owners.  The added pressure of tight credit due to 

supply consolidation made borrowing against haciendas even more necessary.  The 

result of all of this was volatility in the ownership of haciendas.  Smaller operations 

were sold to wealthy hacendados either by their owners, or by lien holders after being 

seized Alexander (1999, 2003).  This meant fewer, but larger, haciendas (and multiple 

haciendas under single ownership), near monopoly control of the export supply, and 
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only one large importer into the United States (Joseph et al. 1986; Wells 1985; Wells 

and Joseph 1996). 

 Henequen grows quite well in the northwest portion of the peninsula.  One 

major benefit of this was that the Yucatán’s most important export commodity was 

located near its seat of power as well as near its largest ports.  This facilitated an 

enforced peace and made safe transport for export a relative nonissue.  However, 

factors like transport safety remained issues that limited where and how the sugar 

industry could be restarted in the region.  During the Caste War, sugar production 

facilities were targeted, and attacked, with great frequency. Not even a single sugar 

hacienda that operated throughout the Caste War from start to finish has been found.  

There were a few areas that became newly safe and seen as logistically feasible as 

hostilities ended there.  One of these places was the Yalahau region, located in the 

northeast portion of the peninsula (See Figure 2.1). This is the area in which fieldwork 

for this project was centered.   

 

 

The Porfirian Henequen Hacienda 
 

 

Much has been written on the Porfirian henequen haciendas in Yucatán. It has 

been written by muckraking journalists like John Kenneth Turner (1910), by 

archaeologists like David Carlson, Rani Alexander, and Allan Meyers (Alexander 

2006; Meyers 2005, 2012; Meyers and Carlson 2002; Meyers et al. 2008), a myriad of 
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historians including Gilbert Joseph, Allen Wells, and Lawrence Remmers (Joseph et al. 

1986; Remmers 1981; Wells 1985; Wells and Joseph 1996) amongst a myriad of 

others, as well as with a focus on the women and girls living on and around the 

hacienda from scholars like Piedad Peniche Rivero (1994; 2003:574).  Alston and 

colleagues (Alston et al. 2009), advocate for taking a middle path between those that 

they consider apologists of the system, and critics that view the system as pure 

exploitation. The issue of the harshness of the system is not a peripheral one, and 

cannot be ignored, but this is also not the venue for arriving at concrete conclusions on 

this question. The sociologist O. Nigel Bolland (2003a) recounts a similar claim that 

institutions of slavery, and labor contracting as they functioned against Africans in 

contemporary British Honduras, were also of softer forms. My survey of the literature 

leads me to believe that when debt peonage took somewhat more benevolent and 

paternalistic forms instead of purely, or nearly purely, exploitative forms that this was 

for very specific localized reasons or perhaps based on the character of particular 

hacendados.   

The purpose of this rest of this chapter is not to provide a synthetic or all-

encompassing account of the debt peonage system as it operated on Yucatecan 

henequen haciendas, but actually to do the opposite; to discuss different practices 

deployed in different places that could have manifest in the way labor was managed at 

sugar production operations near the north coast of today’s Quintana Roo.  The 

following discussion is structured by the following six questions: 

1. What were the conditions for those working on haciendas? 
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2. What mechanisms were used and how much effort was made to initially entrap 

a worker? 

3. Once entrapped what mechanisms kept a peon from paying his debts? 

4. What mechanisms were (and were not) used to make peonage de facto 

hereditary? 

5. What responsibilities did other members of the family have under peonage? 

6. What were the wages for indebted peons and other workers employed by 

haciendas? 

 

What were the conditions for those working on haciendas? 
 

 This question seems simple but becomes much harder to answer when we 

consider that henequen haciendas operated as factory farms in which different 

particular job assignments had different working conditions.  The specifics of these jobs 

are discussed in the section on wages, but the general categories of workers were those 

that earned a salary (daily or weekly) and those that worked at piece rates called 

jornaleros.  A daily assignment for a jornalero was usually to cut and dress 2000-2500 

leaves, or to weed one to two mecates20 of land. New technology is often the impetus 

for new labor hierarchies and as Sweitz puts it: 

 

The adoption of new technologies and processes, such as steam powered 
mechanization or more efficient organizational methods like centralized 
sugar mills, leaves physical signatures in the archaeological record 

                                                            
20 A mecate is equal to a square 20 meters on a side; 400 square meters (Rivero 1999:26). 
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which indicate concomitant changes in how individuals related to the 
productive system. These changes might be most evident in the creation 
of new occupational hierarchies nominally based on distinctions such as 
skilled and nonskilled categories of labor that are then divided into 
ranked tasks. These divisions are often incorporated with perceptions of 
ethnicity, race, and gender to create new formulations of class, status, 
wealth, and power within households and communities [Sweitz 
2012:246]. 

 

 Working henequen is hot, dangerous, work that involved large sharp tools with 

little to no protective gear while cutting agave leaves that have sharp spines 

(Bracamonte y Sosa 1993; Brannon and Joseph 1991; Irigoyen Rosado 1980; Joseph 

1986, 1988; Katz 1974; Knight 1986; Mattiace and Nonnenmacher 2014; Rivero 1998, 

1999, 2003; Raymond 1977; Sullivan 2004; Sweitz 2012; Turner 1910; Wells 1985; 

Wells and Joseph 1996; Zavala 1935).  The rasping machines were very dangerous to 

workers (Nickel 1997:71) and many were injured when limbs or clothing were 

entangled.  Workers were paid based on production, and working too fast increases the 

likelihood of injury.  The pay system did not always work effectively to spur high 

output as workers were sometimes beaten for production shortfalls or laziness (Knight 

1986:62; Turner 1910:25).  

 The length of the work-day itself does appear to have varied widely.  Rejón 

Patrón (1993:81-82 in Meyers and Carlson 2002) reports that the work-day for 

jornaleros (piece rate workers) was 14 to 15 hours long during the harvest season.  The 

hacendados demanded 2 hours per day, except Sundays, of unpaid fagina labor that 

usually involved maintenance of the hacienda grounds and facilities. Depending on 

whether this is included in the above estimate, the actual workday could have been as 
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much as 17 hours during certain times of the year.  The hacendados usurped this old 

requirement of Maya settlements and bent it to their own needs (Meyers and Carlson 

2002:230). Variation also existed in how many workers were providing itinerant wage 

work versus indebted debt peons.  This speaks also to the issue of whether the threat of 

falling into debt servitude was seen as an ever-present threat by free laborers? The 

psychological toll that having your movement limited due to indebtedness is impossible 

to quantify, but records of beatings, whippings and other punishments as well as the 

peons who fled the hacienda do speak to the harshness of the labor regime that 

destroyed the line between working conditions and living conditions.  The amount of 

debt often determined the amount of freedom that debt peons had as Meyers and 

Carlson (2002:229) discuss: 

 

Debt was essential to power relations on the hacienda, as the amount of 
debt often determined the servant's freedom of movement. Some 
haciendas, including Tabi, even established categories of debt in the late 
nineteenth century to mandate the amount of labor required by the 
worker (Rejón Patrón 1993:94). Those who had less than 100 pesos of 
debt were classified as temporary workers. They were required to work 
for a single, specified period of time, usually during the harvest season. 
Individuals with a debt of 100-200 pesos had to work every other week 
for the hacienda. Servants with over 200 pesos of debt had to work every 
day except Sunday, and they were prohibited from leaving the estate 
without consent of their supervisors. The majority of resident laborers 
easily surpassed the requisite 200 pesos of debt needed to mandate full-
time work on the estate (Kaerger 1980:59; Rejón Patrón 1993:84). This 
single event could secure an individual's obligation to work perennially 
on the hacienda and eliminate his family's freedom. 
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The effect of growing debts is easily seen, as the number of resident peons as a 

percentage of the populace, grew from 9.46 percent in 1885 to 32.24 percent in 

1910 (Mukul et al. 1990:82). 

Another factor affecting working conditions is whether or not the worker 

worked on the hacienda full time.  Part time jornalero workers were abused the 

most of everyone, 

 

One such 'part-timer' told [John Kenneth] Turner that it was 
certainly preferable to work as a permanent peon. As regards 
part-timers like himself, he added,' they work us until we are 
ready to fall, and then they throw us away to get strong again. If 
they worked the full-timers like they work us they would die’ 
[Knight 1986:103]. 
 
 

The ability to work part-time workers harder for similar pay may have been a 

reason for hacendados to purposely have a group of workers with only moderate 

debts and conversely avoiding this harsher work may have been a reason to 

borrow enough to become a full time worker. 

 

What mechanisms were used, and how much effort was made to initially entrap a 
worker? 
 
 
 The amount of effort and material expenditure that it took to initially bind a 

worker to the hacienda can be also be thought of a measure of the desire of workers to 

remain unattached to a hacienda. The foregoing discussion is also predicated upon laws 

that established debt servitude and its facilitation through enclosure and privatization, 
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by Creoles, of Maya lands previously held communally (Alston et al. 2009; Patch 

1993).   

 It is very clear that hacendados never wanted the peons to pay off their debts.  

The nature of henequen production was labor intensive.  Hacienda owners were always 

in need of more workers, giving owners good reason to avoid allowing workers to ever 

pay off their debts and buy back their freedom.  In addition to the inherent problem of 

indebted workers having to shop on site at the expensive company store (tienda de 

raya), hacienda owners used a suite of ways to ensure workers remained stuck working 

for them.   

The first way workers were kept indebted was though the encouragement on the 

part of the hacendado of expensive festivals, especially weddings (Alston et al. 2009; 

Joseph, et al. 1986; Mattiace and Nonnenmacher 2014; Meyers and Carlson 2002; 

Rivero 1999, 2003). The Maya had a long tradition of elaborate weddings that the 

hacienda owners reinforced by providing “generous” loans (Rivero 1999:5).  Relatively 

young average ages at the time of marrying meant that for a loan in the amount of the 

cost of a wedding workers could be caught up in a debt cycle that started in their mid-

teens and continued until their deaths.  Often with the cycle repeating for their own 

children.   

The second reason that workers became indebted to the haciendas was that 

sometimes it was a condition for access to land for farming (Rivero 2003:572).  It is 

unclear what level of indebtedness was necessary for access to land, but once an initial 

loan was accepted, debts tended to grow. 
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The third way to entrap workers through debt was the use of two books to 

record debts.  As this was at its core a strategy to keep workers from readily assessing 

their indebtedness, as that might result in thrift on the part of the worker, this was 

always somewhat deceptive.  The hacienda owner would order that separate books be 

kept for large loans and small purchases.  Small loans for day-to-day needs would be 

kept in the small book (known as the chichan cuenta) (Alston et al. 2009; Sullivan 

1991:164).  As small debts piled up, the amounts would periodically be moved over 

into the big book (known as the nohoch cuenta).  This ensured that the amount the 

worker saw that they owed would look much smaller than it actually was (Meyers and 

Carlson 2002).   

The fourth strategy for trapping workers involved benefitting from natural 

disaster.  Haciendas, while not always hugely profitable early on, became so later and 

controlled a large part of the money in the Yucatec economy.  During times of local 

crop failure and famine haciendas could be the only place where people could buy food.  

By controlling scarce food supplies, hacendados left many families with the choice of 

buying expensive food on credit or starving.  Thus, for the price of a single season’s 

worth of food, a worker became indebted for life (Rivero 2010; Robinson 2011:212).   

Under the law, independent farmers and other unattached workers had to pay 

their own taxes, and do so in currency (i.e. not in trade).  Independent milpa farmers, 

even successful ones, lacked the cash to pay these taxes.  Farmers thus would take loans 

from hacendados against future crops in order to pay their taxes, becoming ensnared 

when the crop failed (Knight 1986:64). Tax bills pushed many workers onto haciendas 
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either this way or as a last resort when their land and other property was seized for non-

payment.   

The fifth method used was simply deception.  The laboring classes usually had 

minimal, if any, education.  Hacendados are known to have falsified debt ledgers by 

inflating amounts owed, or by not recording payments made against the debt.  Lack of 

understanding of accounting principles made it very hard for the workers to understand 

the information.  The hacendados and their staff controlled the ledgers and could make 

changes out of the view of the workers (Arnold and Frost 1909:325).   

 

What mechanisms were (and were not) used to make peonage de facto hereditary? 
 

 As Rivero (1994:75) notes, the hacendados were inclined to ensure that future 

generations of the families of their indebted peons stayed indebted to the hacienda, 

reproducing unequal power relations.  Some strategies used to entrap sons were similar 

to those that were used to entrap their fathers, but with special twists.   Rivero (1994) 

reports that on some haciendas, when adolescent boys and girls reached marriageable 

age, the hacendados arranged unions for them by lining up the young women and 

allowing the young man to choose one (Rivero 1994:81; see also Wells and Joseph 

1996:148).  Usually the unions were marriages between people from two haciendas 

owned by the same family, or the result of bride exchange between allied hacienda-

owning families.  The wedding ceremonies were usually costly, necessitating a loan 

from the hacendado to the young man (or his future bride), who then became an 

indebted peon, probably even before he was fully grown.  Indebted parents would not 
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have funds to help a son leave the hacienda and set up a new life elsewhere.  If a son 

was to leave, they would likely wind-up as a debt peon elsewhere, but without the 

benefit of being with his family.  It is easy to see how this cycle would repeat itself.  

Arranged marriages sometimes also crossed generational boundaries, as in the case of 

the death of a first spouse. Rivero ( 1994) provides an example in which an older man 

marriages the sister of his son’s wife.  The father becomes his own son’s brother-in-

law. 

Another strategy that Wells and Joseph (1996:209) discuss that worked to 

ensure permanent indebtedness included aguardiente.  The hacendado would start 

giving young boys the crude rum when they were very young, so by the time that they 

were old enough to borrow money they would already be addicted, thus necessitating 

immediate small loans that quickly trapped the boys on the hacienda permanently. 

While Wells and Joseph (1996) do not discuss it specifically, the strategy of shifting 

debts from the chichan cuenta to the nohoch cuenta (Rivero 1999:18, 2003:572) could 

be employed to hide the indebtedness of a worker as he indulges his growing taste for 

rum.   It is unclear how widespread this practice was, but it does seem particularly 

insidious. 

Perhaps surprisingly, despite these attempts to reproduce peonage through the 

reproduction of the peons, the debts themselves were not generally inherited father-to-

son when someone died (Bracamonte y Sosa 1993:152; Meyers and Carlson 2002:229; 

Tozzer 1907:37).  The reason for not using this seemingly simple way to trap new 

generations of workers is not discussed in the literature. 
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What responsibilities did other members of the family have under peonage? 

 

 So far this discussion has been almost completely about peon men and boys.  It 

has revolved around what strategies were deployed to entice and entrap Maya (mostly) 

men on the hacienda and what their working conditions were like.  Thus far women 

have only been marriage partners assigned to men.  The women have not been ignored 

out of crass-ness, but to illustrate that the lives of women were a byproduct of their 

husband’s situation.  Men were assigned paid tasks, but resident women and girls were 

expected to perform uncompensated labor on the hacienda, such as cleaning and 

cooking for the main house, in addition to the duties of their own house (Rivero 1994).   

 At times men would receive a task that they could not complete by themselves.  

In this case the entire family would help to complete the task, but only for the 

husband/father’s original wages (Alston, et al. 2009:115).  The head of household 

would receive the pay and would then control its distribution.  The extent to which 

others would benefit, would be based on the temperament of the man.  Older men who 

could no longer work a full day would receive lighter assignments for less pay and were 

designated as reservados; part of a reserve workforce that could be called on should an 

acute need for labor present itself (Rivero 2003:572). 

 

What were the wages for indebted peons and other workers employed by haciendas? 
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 The best paid laborers on haciendas were the machine operators, followed by 

the overseers (known as encargados and mayordomos), and then by “increasing 

numbers[s] of free technicians” (Katz 1974:42).  Below these positions were a number 

of salaried positions including “cowboys, stablemen, tram-car operators, and mayocoles 

who supervised work-gangs in the fields” (Meyers and Carlson 2002:229).  These 

employees all worked for a daily rate that varied, based on what job they were assigned 

for that week, or even that day (Meyers and Carlson 2002:229).  A “skilled” worker 

would earn 3.45 to 7.5 pesos per week (Alston et al. 2009:132)21. 

 The least well-paid and worst treated workers were the jornaleros, especially 

those that only worked on the hacienda part time (Joseph 1988; Knight 1986:103; 

Turner 1910), and at a piece rate (Meyers and Carlson 2002:229; Wells and Joseph 

1996:157).  The jornaleros were usually Maya, while the salaried workforce was 

mestizo, thus another consideration for a mestizo-jornalero could be the possibility of 

upward mobility on the hacienda (Katz 1974:2). Again, there were various rates by 

task, but an example from 1907 is a rate of .75 pesos per 200022 henequen leaves cut, 

dressed, and ready for rasping (Rivero 1999:25).  Workers laboring at piece rates made 

less in absolute terms, with a normal range of 3.5 to 6.5 pesos per week (Rivero 

1999:25).  The work was also more difficult and less specialized and, as just discussed, 

often included the efforts of family members, further lowering the comparative pay per 

                                                            
21 This information is based on labor records from 1914 and adjusts for what sick workers would have made had they 
worked the whole normal work week.  
22 Alston and colleagues (Alston et al. 2009:112) report that the normal daily quota was 2500 and cites Chardon 
(1960) who reports a quota of 2000-2500 leaves cut per day. Wells and Joseph (1996:169) report a quota pf 1500-
2000 per day. 
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person per unit of time.  The exception was that adolescent boys, the muchachos, were 

usually paid at one-half of the rate of the piece rate for the same work (Alston et al. 

2009).  This implies that the full piece-rate was really conceived as a family wage and 

that the labors of adolescents could be used to supplement household income.  Some 

members of resident households also were involved in alternate forms of labor off of 

the hacienda.  This allowed the hacienda owners to pay even lower wages for work on 

the hacienda.  The reductions that different types of work allowed was sometimes “the 

difference between ruin and profitability and ruin for enterprises in peripheral regions 

such as Yucatán” (Sweitz 2012:247).  The standard for wages must be seen as basic 

subsistence, nothing more. In some places these low wages were supplemented with 

rations, but sometimes the rations were converted into advances (Alston et al. 

2009:116; Nickel 1997:171-174, 191).  

 Wages were not paid in cash, but instead in credit (moneda de cuenta; scrip23), 

only usable at la tienda de raya (the company store) (Meyers and Carlson 2002:229; 

Rivero 1999:30; Wells 1985:158).  This had a number of benefits for the hacendados.  

They were able to keep track of the finances of their workers, debt peons, and wage 

laborers alike.  It insured that if a debt peon was to flee, that they would have little to no 

money to take with them.  The hacendados were also able to socially engineer life on 

the haciendas by controlling the price of goods.  Due to workers being paid in credit 

that was only useable at the company store, the hacendados could gouge the workers on 

                                                            
23 Scrip is used in a more inclusive sense.  It may be in the form of paper, coins/tokens, or just as credit in 
the hacienda or operation’s accounts.   



77 
 

the price of needed goods (Arnold and Frost 1909:325; Katz 1974:19-20; Meyers and 

Carlson 2002; Turner 1910:18), but they did not always do so.  In fact, prices for 

commodities like corn were sometimes somewhat subsidized, such that they were 

selling at below market rate; this seemed to be a normal situation, particularly during 

periods of inflation due to such occurrences as crop failure (Katz 1974:5).  This would 

not only ensure the debt peons would not starve, but as discussed above, could entice 

new workers to attach themselves to the hacienda. 

 Due to land enclosures and other restrictions on the lives of the indigenous 

populace and other non-elites, the ratio of workers living in villages to workers living 

on haciendas, steadily fell from before the Caste War until well into the Porfiriato.  At 

times this was still not enough, and “an estimated 3000 of East Asians and 8000 

indigenous Yaquis were brought to Yucatecan haciendas during this time to meet the 

demand for labor” (Meyers and Carlson 2002:228 see also Joseph 1988:29; Mattiace 

and Nonnenmacher 2014:383; Turner 1910; Wells 1984:226-227; 1985:164-165) on 

henequen haciendas.  Logically, these imported workers could be expected to have 

exerted downward pressure on wages.  Evidence of that has not been found, but there 

were differences between them and workers native to the Yucatán.   

 These differences may shed some light on the motivations of the hacendados 

concerning loans.  First of all, the loans were generally seen as cheaper than even small 

increases in wages, but hacendados used the loans to cement workers who were already 

connected to the area, into positions on the haciendas.  Hacendados did not offer loans 

to the imported workers, as they feared that the workers may just flee anyway (Alston 
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et al. 2009:119).  The amounts of the loans made to the debt peons are still puzzling in 

that they were often much larger than would have been necessary to tie the peon to the 

hacienda for life.  One interpretation is that the overages could essentially be gifts, acts 

of paternal benevolence on the part of the hacendados, and that this engendered what 

Alston and colleagues (Alston et al. 2009:106) term “loyal-like behavior” amongst the 

debt peons, and stabilized the workforce (Mattiace and Nonnenmacher 2014:367, see 

also Wells and Joseph 1996:163). An alternative hypothesis is that, as a worker could 

demand their carta cuenta, an accounting of his debts, at any time, and attempt to 

convince another to buy their debt, allowing the peon to switch haciendas (Alston, et al. 

2009). A peon with higher debts would be less attractive to another hacienda owner 

diminishing the possibility that the worker would leave his current hacienda. Another 

possibility is that the degree of restriction of movement increased with level of 

indebtedness (Meyers and Carlson 2002:229). The counter to these hypotheses, though, 

is that eventually a fluctuating price emerged in payment for a debt peon to leave his 

hacienda, irrespective of the debt actually owed.   

 

In the classic system of debt peonage, when a peon wanted to transfer 
from one hacienda to another, his new master had to assume his debt. 
When an hacienda was sold, these debts were added up. In Yucatán this 
practice, though existent in theory, had been superseded by another. The 
peon's value was decided by a market price independent of the peon's 
debt but very much dependent on general market conditions, especially 
on the price of sisal. Around 1895 the price of a peon was quoted at 
between two and three hundred pesos. In 1900, with a sharp rise in the 
price of sisal, the price of a worker rose to between 1,500 and 3,000 
pesos. After the crisis of 1907, it fell back to 400 pesos [Katz 1974:18; 
See also Wells 1985:157]. 
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This shows that the hacendados expected that debt peons would never be able to 

pay back their debts, but more importantly, leads to questions about the debt peonage 

system itself.  Debt peonage is argued to not be enslavement because it is not based on 

ownership of the peon but on ownership of the debt.  By divorcing the price for a peon 

to leave a hacienda from that debt, what is actually being sold is rights to the peon 

himself.  Under true slavery the expectation would be that an individual slave would be 

valued based on his or her perceived or proven ability to produce.  The set price 

confounds this expectation as well. Thus, arguably in some areas, the debt peonage 

system morphed into a hybrid system taking on some, but not all, of the character of 

true slavery.   

 

Comparability to North Coast Sugar Operations? 

 

What is important for comparisons, later in this volume, to sugar operation 

along the north coast of Quintana Roo, is that each area, if not each hacienda, adapted 

the debt peonage to their particular situations. The factors affecting this could be size of 

the hacienda, local sex ratios, amount of non-hacienda lands available to potential 

peons, frequency of crop failure, access to foreign workers, level of capitalization of the 

hacienda, and location of the hacienda respective to frontier and/or rebel held territory, 

amongst other factors.  Thus, the above represents is not a single model, but a buffet or 

mosaic, of factors that can be used for comparisons to the north coast of Quintana Roo.   
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CHAPTER 4 : SITE AND FIELDWORK DESCRIPTIONS 
 

 

The Yalahau Region and the Northeast Coast 
 

 

The Yucatán Peninsula is a slab of limestone, approximately half of which is 

above sea level of the Gulf of Mexico and Pacific Ocean.  Reliable and accessible 

surface water resources on the peninsula are limited, but water action has had a 

profound effect on the region.  Water has cut extensive systems of underground rivers 

and caves.  Cenotes, natural well-like openings that allow access to this groundwater, 

are thus very important, taking on both mundane and ritual importance.  The 

importance of cenotes as fresh water sources is even more pronounced in the northern 

portion of the peninsula as there are no surface rivers above the twentieth parallel.  The 

lack of surface rivers also affected travel and commerce into the twentieth century. 

The natural environment of the Yalahau region (See Figure 2.1), located in the 

northern portion of what is today the state of Quintana Roo, has all of the 

environmental problems of the rest of the northern peninsula but to a greater degree.  

As a result of the limestone parent material, soils in the Yalahau region tend to be 

shallow and thus easily exhausted.  This is due to the way that limestone weathers.  

Unlike other stone materials like sandstone or granite, limestone does not pulverize to 

form soil.  It instead dissolves and drops out of solution repeatedly as it travels 

suspended in water, eventually being washed into the bodies of water surrounding the 

peninsula.  The inorganic sediment portion of soil is made of primarily the impurities in 
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the limestone and an additional small but locally important portion that is produced by 

an algae based community of microorganism known as periphyton (Fedick et al. 2000; 

Fedick and Morrison 2004; Morrison and Cozatl-Manzano 2003) endemic to wetlands. 

The contradiction that is most apparent about the Mexican portion of the 

Yucatan Peninsula in the late nineteenth and early twentieth centuries is that it is both 

resource poor and was one of the riches regions in Mexico.  There is no mineral wealth 

to speak of; no gold, no copper, and no silver.  There were, however, plant materials 

that could be extracted and used locally or exported for profit, including mahogany 

(Swietenia macrophylla), dyewood (Haematoxylum campechianum) locally known as palo 

tinto or palo de tinte, henequen (Agave fourcroydes), and sugar cane (genus 

Saccharum). Extraction of all of these is labor intensive.  Mahogany was exported as a 

building material.  Palo tinto was boiled down and amended with various metals to 

form dyes in many different colors, and was prized for its hardness and durability for 

use as things such as railroad ties (Gust and Mathews 2011; Mathews 2009; Mathews 

and Lizama-Rogers 2005; Patch 1993).  Henequen was used to make rope and other 

cordage (Joseph et al. 1986; Topik and Wells 1998; Wells 1992; Wells and Joseph 

1996).  In the late nineteenth and early twentieth centuries most henequen was used to 

make bailing twine for the United States market.  Sugar was used in various forms as a 

sweetener, but was primarily used as the basis for aguardiente, a simply-produced form 

of rum that ranges from low to high quality.  Most aguardiente seems to have been 

consumed locally within the Mexican Yucatán with only small quantities exported to 

other states in Mexico and abroad.  As all of these resources other than sugar were 
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primarily produced for export, the fate of the Yucatec economy was largely in the 

hands of foreign interests and was at times quite precarious (Wells and Joseph 1996). 

The northeast portion of the Yucatán peninsula was a frontier even as late as the 

1870s.  With the exception of a small bands along the north, northeastern, and eastern 

coasts, the northeast corner of the peninsula, today’s northern Quintana Roo, was 

sparsely populated in the Colonial period (Farriss 1984; Macias Zapata 2002; Patch 

1985, 1993; Reed 2001) and was seen until the Mexican Revolution as a ‘pressure 

release valve’; a place where people could flee to if they were in trouble with 

employers or the law (Rugeley 1996). It was a place that had been seen by 

governmental authorities and business interests as resource poor, and not really worth 

the effort to try to control.  This neglect seems to have included clerical authorities as 

well24.   

This changed in the mid-1850s.  The value of the Yalahau region was 

reassessed after the people of its largest town, Kantunilkin grew weary of fighting 

during the Caste War and settled with the government. Rebel forces considered this as a 

betrayal and became a threat to Maya settlements, in addition to raiding Creole-owned 

properties. The government of Yucatán (and of Mexico) awarded land grants to 

multiple companies in hopes of making the area productive.  The largest of these were a 

subsidiary of the Banco de Londres y Mexico, La Compañía Colonizadora de la Costa 

                                                            
24 This is based on the eventual abandonment of the church at Boca Iglesias (Andrews, A. P. et al. (2006) and the 
fewer number of churches built at inland towns and villages compared to elsewhere in the Yucatan Peninsula. 
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Oriente de Yucatán25 (hereafter La Compañía Colonizadora), and La Compania 

Agricola del Cuyo y Anexas (hereafter El Cuyo Company)26,27.  

 The physical environment of the northeast coast is adequate for sugar 

cultivation.  The region has the necessary subtropical temperature and rainfall patterns.  

The topography of the region is quite flat with seasonally inundated wetlands and 

primarily low scrubland forest, with large trees in areas of deep soil and adequate 

access to water inland. The underlying parent material is almost pure limestone that 

dissolves with weathering instead of pulverizing to make soil (Fedick 2014). The 

resulting thin, mildly caustic, soils, while not ideal, are not a serious impediment to the 

growth of sugarcane. 

 Beyond extractable resources, three factors were necessary for business interests 

to successfully operate in the area; infrastructure to transport extracted resources to 

markets, indication of a modicum of safety for workers and managers, and an adequate 

supply of workers.  For operations located inland, transport was accomplished using 

narrow gauge, mule-driven, moveable railroad lines built by the Decauville Corporation 

(Decauville 1884).  Once collected, resources from San Eusebio were transported using 

the rail lines to the coastal town of El Cuyo (Figure 4.1; see also Mapa 10 from 

González 2014:264 for the network of rail lines).  The operator of San Antonio Xuxub, 

Robert L. Stephens, first used small boats to take sugar and aguardiente to port and 

then purchased a small schooner to transport his goods (Sullivan 2004:23).  

                                                            
25 Occasionally the word “Oriental” is omitted from the name of this company. 
26 Occasionally the letter “l” is omitted from “Del” in the spelling of the name of this company. 
27 The El Cuyo Company was absorbed by La Compañía Colonizadora at a fire sale price of during the economic 
downturn of 1907-1910 (Wells and Joseph 1996:111, 325n72). 
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Figure 4.1: Decauville narrow-gauge rail line reconstructed by tourist cooperative near Cuzama, Yucatán.  
Presented as an example of how these rail lines appeared while in original use.  Photograph by author. 

 

 The issue of safety in the area was one of comparison to other areas.  The 

residents of Kantunilkin and other settlements in the Yalahau region, by settling with 

the government, showed that they were willing to be peaceful in exchange for some 

autonomy to run their lives as they saw fit (Reed 2001:197).  The local Commander of 

the National Guard, Balthazar Montilla, used local Maya volunteers to deal with local 

issues (Sullivan 2004:29)28.  In doing so, the situation was handled and the residents 

continued to show that they were willing to be peaceful.   

                                                            
28 Balthazar Montilla was an ex-convict and his billet for Commander of the National Guard was grant by District 
Chief Andreas Urcelay, a bitter rival of Robert L. Stephens.  After the attack on San Antonio Xuxub, Montilla 
destroyed the account book pages that held San Antonio Xuxub’s debts against the Urcelays and looted San Antonio 
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 With access to extractable resources, or land for sugarcane cultivation secured, 

transportation infrastructure developed, and measures were taken to make the region as 

safe as possible.  The last major factor affecting the ability of business interests to 

operate in the area was the presence or absence of a large agricultural workforce.  

Interaction between the owner and managers of business operations in the region are 

the focus of later chapters. This discussion focuses primarily on three sugar-related 

operations, San Eusebio, Rancho Aznar, and San Antonio Xuxub, but similar labor 

situations existed at other worksites as well. 

 

 

Sugar Refining and Rum Distillation Process 
 

 

The process of making refined sugar and making rum starts the same way.  

Sugarcane is cut with hook shaped knives and brought to the cane grinding mill.  The 

cane juice must then be extracted as soon as possible.  Within one to three days the 

sugar starts to break down.  Once the cane juice has been extracted it is pumped or 

poured into large vats.  At this point the juice is usually quite dirty so slaked lime is 

added to clarify and clean the juice.   

 The, now cleaner, cane juice, still mostly water, is pumped or poured into large 

pots in the sugar processing building.  The sugar processing building contains multiple 

                                                            
Xuxub taking the goods back to Manuel Urcelay’s house (Sullivan 2004: 27-29, 38-39, 127, 121, 156, 166).  
Regardless of official title, Montilla was primarily Urcelay’s agent. 



86 
 

large cauldrons and a heating mechanism.  The sugar house design used at San Antonio 

Xuxub is known as the Jamaica train (Wayne 2010).  The Jamaica Train has a line of 

large cauldrons that share a heat source located at the end opposite the smokestack.  

The heat source is located at one end of the line of cauldrons.  In this way the syrup is 

heated more gently and more controllably as the sugar content rises.  At any point 

during the concentration process more slaked lime may be added to further clarify the 

cane/syrup.  

 At this point the process may vary.  González (2014:273) reports that Lafferty 

centrifugal machines appear on the startup equipment list for San Eusebio.  In order to 

use these machines, the cane syrup is cooled and sugar crystals are added to seed 

crystal development.  Once crystals have developed, centrifugal action is used to spin 

away most of the remaining water. Depending on how they are used, the centrifugal 

machines also may separate molasses from the sugar.  An alternative, older, and smaller 

scale process to extract molasses, involves placing crystalized sugar in conical, semi-

porous, ceramic pots and slowly running water through the pot to wash away the 

molasses, resulting in white sugar (Schwartz 1985:120).   

 It is presumed that some sugar made at San Antonio Xuxub was sold as sugar, 

but no direct evidence of this has been found, nor has any equipment that could be used 

to remove the molasses in order to produce refined sugar been found there.  

Advertisements from the trade publication el hacendado mexicano y fabricante de 
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azucar (1906:273, 369; 1907:399; 1908:9, 129, 249)29 indicate that San Eusebio did sell 

sugar instead of using all of it for rum production (Figure 4.2).  This advertisement 

indicates that San Eusebio has a machine for making sugar cubes, There is no benefit to 

using cube sugar for making rum. 

 

 
Figure 4.2: Advertisement indicating that San Eusebio had a 
machine for making sugar cubes from of el hacendado mexicano 
y fabricante de azucar (1908).   

 

                                                            
29 All available manuscripts of el hacendado mexicano y fabricante de azucar appear to be incomplete. Similar 
advertisements do not appear in the 1904 or 1905 editions of this publication. 
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 The amount of molasses used in rum production varies by maker from none to 

almost all of the sugars being from molasses.  The sugar and molasses that will be used 

for a batch of rum is placed in a fermentation tank and water poured in to achieve the 

desired ratio.  The yeast used may be naturally occurring or derived and kept under 

tightly controlled conditions.  At San Eusebio and San Antonio Xuxub the former is 

more likely but yeast may be captured from the environment and then grown to speed 

the fermentation process and make sure no other micro-organism can become dominant 

and spoil the batch.  If the cane syrup was to be used right away, without removing any 

molasses, there is no need to process it all the way to a crystalline state. 

 Once the fermentation process has begun, making rum at small scales becomes 

an art. The distiller learns through experience when fermentation has completed, based 

on the look and the taste of the resultant cane-beer in the fermentation tank.   

 The cane beer is pumped or poured into the still which is heated to evaporate the 

alcohol, which has a lower boiling temperature than water, separating most of the 

alcohol from water.  There is no known method for producing 100 percent pure alcohol. 

The first portion and last portion of the distillation run are known as the heads and tails 

respectively and are poisonous.  The distiller knows by taste when the heads have been 

boiled off and starts collecting the rum that runs out of the still.  Eventually the taste of 

the rum changes indicating that the usable portion of the distillation run has ended.  

Heads are mostly usable alcohol and, if retained, may be added to the still during the 
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next distillation run (Roger Zimmerman30, personal communication 2015).  The tails 

are not usable.   

 Water is then added, if necessary, to dilute the rum to the preferred alcohol 

content. The storage conditions, and whether or not the rum is aged greatly, affects the 

taste and appearance of the end product. 

 

 

San Eusebio 
 

 

The largest and best capitalized of these ventures to operate in the region was 

owned by the El Cuyo Company.   In 1896, the El Cuyo Company was granted control 

over 1800 square kilometers of land, including along the southern shore of Laguna 

Escondido (Glover 2006:239; Glover et al. 2011; Wells and Joseph 1996) also known 

as Laguna Yalahau and Laguna Holbox.  The El Cuyo Company operated many related 

ventures along the north coast that included harvesting palo tinto, honey production, 

salt production, and at the site of San Eusebio31, sugar production.  The El Cuyo 

Company focused its inland efforts primarily on sugar cane production, and established 

the then-modern factory of San Eusebio, located about 3 km south of Chiquila (Figure 

4.3). Cubans managed the larger and more modern San Eusebio, and employed 

                                                            
30 Roger Zimmerman is the distillery manager at Richland Rum in Richland, Georgia.  
31 Labor records from the El Cuyo Company (see Chapter 5) also indicate that the company had a worksite known as 
Solferino and there was daily mail service between Solferino and San Eusebio.  It is unclear whether this is the same 
Solferino as the one owned by the Urcelay’s or if Solferino is simply a moniker of location. 
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Koreans, Caribbean blacks, and Mexicans (from throughout Mexico).   Paul Sullivan 

(2004:1)32 cites an informant who told him that San Eusebio was founded in the early 

twentieth century and abandoned when fighting connected to the Mexican Revolution 

reached the area.  Today, the local community cares for the site of San Eusebio, and 

areas around its margins are used for milpa farming and sheep pasture. 

                                                            
32 González provides a list of equipment owned by the El Cuyo Company Anexas that dates to November1897 and 
includes items for use at San Eusebio.  Actual installation date unknown (2014:273). 
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Figure 4.3: San Eusebio site map. Map by author. 
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San Eusebio is roughly contemporaneous with Xuxub and Rancho Aznar, and 

probably Monte Bravo as well, but the architecture at San Eusebio is in generally better 

shape than at the other sites.  This seems to be due to three factors.  First, original 

building quality at San Eusebio appears to have been better.  Second, stone was more 

selectively sourced, as the stone there does not show the erosion present at other sites.  

Third, the quality of the mortar is better, and better suited to each particular application, 

than at the other sites investigated 

Unlike the other sites, the approximately 15 m tall and 5 m diameter smokestack 

at San Eusebio (Figure 4.4) is still standing.  This structure is made with high quality 

local stone and mortar well suited to the application.  There are a total of three openings 

at the base of the structure located on the north, east and west sides.   
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Figure 4.4: San Eusebio smokestack. Photograph by 
author. 

 

The footprint of the water storage structure at San Eusebio is much larger than 

at other sites, and differs in that it is cut approximately 4 m into the bedrock.  The 

feature is made of local stone block and mortar.  It is well-preserved for a structure with 

such large unbraced interior walls.  There is a modern seed bed made of single course, 

dry laid cinder block in current use within meters of the feature.  

Another feature appears to be either a store house, the company store, distillery, 

or may have acted as all of these.  It is built of stone and mortar and has a triangular 

roof-line, indicating a pitched roof, though none of the roof material remains (Figure 

4.5).  The walls of the structure currently contain two openings in addition to the 
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doorway. The first is .20 m in diameter and is located in the back wall.  This appears to 

have once held a stove pipe of some kind.  This makes the structure a possibility for the 

location of the distillery but no such machinery is in place today.  There may have also 

been a small window in the south wall, but no material remains and it seems most 

probable that the opening is a result of the building’s decay.  If this is the case, then 

there would have been no windows structure.  The doorway is large (1.5 m by 2.5 m 

tall) and probably had stout, wooden, double doors like are seen through the Yucatán 

(for example Figure 4.6).  There is an approximately 1.2 m by 1.2 m opening in the 

south east corner of the floor leading to a cellar (Figure 4.7). The cellar is 

approximately 2 m tall and seems to extend below most, if not all, of the ground floor.  

Weather conditions during fieldwork (the cellar was flooded partially), and safety 

concerns made further investigation impracticable. This building, regardless of its exact 

use, due to lack of ventilation was constructed to be secure at the expense of any 

relative comfort for those working inside.  
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Figure 4.5: San Eusebio company store/storehouse/distillery building. Photograph by author. 

 
 

 
Figure 4.6: Heavy wooden doors on modern building from the town of El Cuyo, Yucatán. 
Photograph by author. 
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Figure 4.7: Shaft in southeastern corner of San Eusebio company 
store/storehouse/distillery building. Photograph by author. 

 

Uniquely amongst these sites, San Eusebio has a system of underground arched 

tunnels, most averaging about 1 m wide by 1 m tall and of varying lengths, south of the 

smokestack.  The use of the tunnels is unclear but a metal hatch resembles doors on 

opening through which coal is loaded into a fire. Another, potentially contradictory, 

possible use is as cool storage space.  Other features include a subterranean circular 

milling area that included 14 concrete and stone pylons that likely acted as the base for 

mill machinery, a raised floor or both.  In addition to the water (or other liquid) storage 

tank, the site has three large norias, artificial wells with equipment to draw water. It is 

clear that access to fresh water was a concern at the site. 

There is a slight natural rise in the topography 22 m west-southwest of the store 

house/company store building.  In most places this rise is gentle but it is more abrupt in 

one, 15 m wide area.  Close inspection of this area revealed concrete stairs.  The top of 

the area is flat with what first was interpreted as the remains of a retaining wall.  A 

partially completed home, under construction by the current landowner, sits 93 m west 
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northwest of the company store/warehouse/distillery building.  Located nearby are 

debris piles from general upkeep of the site that I eventually realized were reminding 

portions of a wall, possibly the last standing remnants of stone structure.  When the 

local workmen were queried, they confirmed that the landowner had used a bulldozer to 

dress the area, and that had included knocking down a small structure.  They said that 

the walls were made of local limestone, as was found in the debris piles, and were 

about half the height of normal domestic structures in the area today.  This implies that 

there was a vegetal superstructure on the structure.   This structure and the store 

house/company store/distillery structure are of very different construction. The former 

seems to be built for some degree of comfort in the hot, humid climate.  It was on 

higher ground to maximize wind movement, and many Maya in the area today 

recognize that pole and thatch houses are more comfortable than stone or cinder block 

houses.  

 

Fieldwork at San Eusebio 
 

Fieldwork at San Eusebio consisted of 294 shovel probes; surface collection; 

and 12, 1 m by 1 m excavation units. These investigations were conducted during 

February and March 2014.    

Shovel Probes. At San Eusebio four areas were investigated using shovel 

probes.  Each shovel probe was excavated to either a minimum of 30 cm or to bedrock.  

Many shovel probes were much deeper than 30 cm. The shovel probes in each area 
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were placed on a 5 m grid oriented to magnetic cardinal directions.  Soil descriptions 

for each shovel probe are found in Appendix D. 

These areas constituted all generally flat, undisturbed areas that had surface 

artifacts or standing features nearby.  All shovel probes at San Eusebio were designated 

as Operation 1 and each area probed was a suboperation designated by a letter A 

through D.  The artifacts recovered from individual shovel probes were designated as 

lots in sequential number order.  Soil samples from San Eusebio shovel probes were 

designated as Operation 2 and otherwise had the same provenience as the shovel probe 

from which they were excavated (the soil sample from Op1A/13 shovel probe bears the 

provenience Op2A/13).  All artifacts recovered from shovel probes were collected. 

 In order avoid modern soil deposits, soil samples were collected between 5 cm 

and 15 cm deep within shovel probes.  Samples were collected where collection was 

easiest and no attempt was made to standardize collection from the same side of each 

shovel probe. 

Operation 1, Suboperation A (Op1A) was located north of the smokestack and 

consisted of 26 shovel probes.  Of these, 3 contained artifacts and in 1 bedrock was too 

close to the surface to allow collection of a soil sample.  This area had few surface 

artifacts and was investigated subsurface primarily due to its proximity to the chimney 

and remains of the main processing area.  This area was considered a candidate for an 

area that may contain remains from sugar processing activities.  The results of the soil 

testing from this area are included in Chapter 6 but, based on the near lack of artifacts, 
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and lack of surface and subsurface feature remains encountered, this area was not 

selected for further excavation.    

 Operation 1, Suboperation B (Op1B) was located south of the chimney and 

associated ruins of the processing building and consisted of 53 shovel probes.  Of these, 

3 contained artifacts and all had sufficient depth to bedrock to allow for collection of a 

soil sample.  This area had few surface artifacts and was investigated subsurface 

primarily due to its location between the processing building and a large well.  This 

area was considered a location that could possibly yield either remains associated with 

processing of sugar using nearby facilities or working housing.  The results of the soil 

testing from this area are included in Chapter 6 but, based on the near lack of artifacts 

and lack of subsurface remains encountered, this area was not selected for further 

excavation. 

 Operation 1, Suboperation C (Op1C) was located north in a long flat to gently 

sloping area at the south end of the site.  The eastern most portion of this suboperation 

was located near the storehouse/company store/distillery building. This suboperation 

consisted of 201 shovel probes.  Of these 56, contained artifacts and in 6 bedrock was 

too close to the surface to allow collection of a soil sample.  This area was chosen for 

investigation with shovel probes due to a significantly greater surface artifact density 

and because it was the only area near the site that could have housed a large portion of 

the workers from the site33.  All excavation units were within, or very close, to this area. 
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 Operation 1, Suboperation D (Op1D) was located west of the 

storehouse/company store building and consisted of 14 shovel probes.  Of these, 6 

contained artifacts and all were sufficiently deep to allow for collection of a soil 

sample.  This area had few visible surface artifacts but had denser leaf litter than 

surrounding areas and was investigated subsurface primarily due to its proximity to the 

store house/company store/distillery building.  One shovel probe (Op1D/13) contained 

an imported brick, but otherwise the probes contained little material culture and no 

evidence of buried subsurface features. For this reason, no excavation test pits were 

excavated in the Op1D area. The results of the soil testing from this area are included in 

Chapter 6.   

Surface Collection. Surface collection strategies employed at San Eusebio 

differed based on area of site and artifact material.  European and American origin 

ceramics were 100 percent collected whenever encountered as were diagnostic portions 

of all other material types.   

The first area from which surface artifacts were collected is a dense surface 

scatter located within the Operation 1, Suboperation C shovel probe grid.  Surface 

collection in this area were designated Operation 4 (Figure 4.8).  In this area, 5 m by 5 

m areas were gridded using the same grid as the shovel probes.  Each of these 5 m by 5 

m areas was assigned a suboperation letter in sequential order.  These suboperations 

were then further subdivided in 2.5 m by 2.5 m areas which were then assigned a lot 

number.  This size was chosen to mirror the size of surface collection lots used by the 

San Pedro Maya Project (Yaeger et al. 2002). The result was 25 suboperations, each 
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containing 4 lots, for a total of 100 lots (see Figure 4.8).  All surficial artifacts were 

collected in this area with the exception of body glass from large beverage-size bottles.  

Only large bottle glass that contained all or part of the base or finish was collected.  

This body material was not completely collected because of the relative low utility of 

medial portions of bottles compared to the cost and trouble of storing the remains, and 

because the local people voiced concerns about how many of the artifacts were being 

removed from the site.   This method maximized the utility of the collection while 

being considerate of these concerns.  The results of the soil testing from this area are 

included in Chapter 6 and an area within the densest portion of the artifact scatter was 

chosen for excavation with 1 m by 1 m excavation units.  The same modified criteria 

for collection were used within a small concentration of artifacts outside the southern 

edge of Operation 4, which was designated Operation 3, Suboperation F (Op3F). 
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Figure 4.8: Operation 4 Surface Collection lots. 
Map by author. 

 

Other Operation 3 Surface Collections. Surface collection outside the Operation 

4 surface collection area were designated Operation 3.  This operation contained 

opportunistically collected artifacts that fell outside the Operation 4 collection area.  

The positions of these artifacts were recorded by either referencing nearby shovel probe 

locations, or were recorded with the total station. 

Excavations units. Operation 5 consisted of a total of 8, 1 m by 1 m excavation 

units located close to the southern wall of the storehouse/company store/distillery 

structure (Figure 4.9).  One item to note is that Operation 4 surface collection was 

completed prior to the placement of these excavations thus diagnostic glass from some 

the surface of these excavation test pits was collected as part of Operation 4.  All other 

material culture encountered both surface and subsurface from these units was 

collected.   
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Figure 4.9: Operation 5 and Operation 7 excavation units. Map by 
author. 

 

A minimum of one, but up to five, approximately 100 g soil samples were 

collected from each excavated level in excavation units.  When lots extended to the 

entirety of a 1 m by 1 m excavation unit samples were generally taken from the center 

of the unit and as near as possible to all four corners. When lots did not include all 

portions of the 1 m by 1 m excavation unit, samples were collected from all unit corners 

that were excavated and sometimes the center.   
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A number of additional, approximately 100 g soil samples, designated 

Operation 8, were collected from the area surrounding the Operation 5 excavations 

units for phosphate testing. 

Suboperations A and B consisted of adjoining two 1 m by 1 m units excavated 

as a 1 m by 2 m unit and are aligned such that the southern edge of Suboperation A is 

adjacent to the northern edge of Suboperation B.  Like all Operation 5 suboperations, 

these units are located within the Operation 4 surface collection grid.   

Suboperation A falls within all four (1-4) lots of Operation 4, Suboperation I 

(Figure 4.9), and Suboperation B falls within lots 3 and 4 of Operation 4, Suboperation 

I.  Lots in these suboperations were excavated using arbitrary levels due relative 

inexperience of the excavators and lack of stratigraphic change within shovel probes. 

Lots in the suboperations were excavated separately assuming that non-artefactual 

traces would be faint and hard to recognize thus reducing the chance that if indications 

of habitation or other land use were missed in one suboperation that this would not be 

repeated in the adjoining unit. 

 Lot 0 in these suboperations consisted of the modern ground surface once 

cleared of vegetation.  No excavation occurred in relation to Lot 0.   

Lot 1 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR2.5/2), hard when dry, clay loam with few rock inclusions except where 

noted in plan and profile drawings (Appendix D).   
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Lot 2 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR2.5/2 moist), hard when dry, clay loam at the top of the lot and like that 

in lot 2 at the bottom in Suboperation 2C shovel probes (Appendix D).   

 Lot 3 in Suboperation B was approximately 10 cm thick.  The soil is reddish 

(10YR3/2 moist) clay with few inclusions.  

 Suboperations C and D consisted of adjoining two 1 m by 1 m units excavated 

as a 1 m by 2 m unit and are aligned such that the eastern edge of Suboperation C is 

adjacent to the western edge of Suboperation B.  Like all Operation 5 suboperations, 

these units are located within the Operation 4 surface collection grid.  Suboperation C 

falls within lots 1 and 3 of Operation 4, Suboperation I, and Suboperation D falls with 

lots 2 and 4 of Operation 4, Suboperation H.   

 Lot 0 in these suboperations consisted of the modern ground surface once 

cleared of vegetation.  No excavation occurred in relation to Lot 0.   

Lot 1 in these suboperations was approximately 20 centimeters thick.  The soil 

in this lot is dark (7.5YR2.5/2), hard when dry, clay loam with few rock inclusions 

except where noted in plan and profile drawings transitioning to soil is reddish 

(10YR3/2) clay with few inclusions (Appendix D).   

 Suboperations E and F consisted of two adjoining, 1 m by 1 m, units that were 

planned to be excavated as a 1 m by 2 m unit.  Units were situated such that the 

southern edge of suboperation E is shared with the northern edge of suboperation F.  

Like all Operation 5 suboperations, these units are located within the Operation 4 

surface collection grid.  Suboperation E falls within lot 1 of Operation 4, Suboperation 
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I, and Lot 3 Operation 4, Suboperation I.  Suboperation F is wholly contained within 

Lot 1 of Operation 4, Suboperation I surface collection grid.  Investigation of 

Suboperation F included collection of remaining surface (Lot 0) artifacts and 2 lots of 

subsurface excavation.  Suboperation E was not excavated but remaining surface 

artifacts were collected as Lot 0. 

 Lot 0 in these suboperations consisted of the modern ground surface once 

cleared of vegetation.  No excavation occurred in relation to Lot 0.   

Lot 1 in Suboperation F was approximately 7 cm thick.  The soil in this lot is 

dark (7.5YR2.5/2), hard when dry, clay loam with common rock inclusions.  This lot 

was suspended when a cobble layer was reached in all areas except the southwest 

corner. This cobble layer was likely either used to level the area for home construction, 

or to construct pathways or other open area ground features.  Excavation continued in 

the southwest corner in search of the cobble layer. 

Lot 2 of Suboperation was approximately 15 cm thick and was located in the 

southwest quarter of the Suboperation F excavation unit.  The soil at the top of the lot 

was consistent with that of Lot 1 and reddish (10YR3/2) clay with few inclusions at the 

bottom.  The cobble layer from Suboperation A was not found definitively within the 

lot but some possible evidence does show up within the west wall profile (Appendix 

D).  This excavation unit was not continued beyond this lot. 

 Suboperations G and H consisted of adjoining two 1 m by 1 m units excavated 

as a 1 m by 2 m unit and are aligned such that the eastern edge of Suboperation G is 

adjacent to the western edge of Suboperation H these suboperations are located 0.5 
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meters south of Suboperations C and D.  Like all Operation 5 suboperations, these units 

are located within the Operation 4 surface collection grid.  Suboperation G falls within 

all lot 3 of Operation 4, Suboperation I, and Suboperation H falls with lots 4 of 

Operation 4, Suboperation H.  Lots in these suboperations were excavated in lots of 

arbitrary thickness due relative inexperience of the excavators and suboperations were 

excavated separately assuming that non-artefactual traces would be faint and hard to 

recognize thus reducing the chance that if indications of habitation or other land use 

were missed in one suboperation that this would be repeated in the adjoining unit. 

 Lot 0 in these suboperations consisted of the modern ground surface once 

cleared of vegetation.  No excavation occurred in relation to Lot 0.   

Lot 1 in these suboperations was approximately 15 cm thick.  The soil in this lot 

is dark (7.5YR2.5/2), hard when dry, clay loam with few rock inclusions except where 

noted in plan and profile drawings (Appendix D).  This lot was excavated in search of 

the cobble layer found elsewhere within Operation 5. This cobble layer was not found 

within this lot.  

Lot 2 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR2.5/2 moist), hard when dry, clay loam at the top of the lot, and reddish 

(10YR3/2) clay with few inclusions at the bottom (Appendix D).   

Operation 6. Two 1 m by 1 m excavation units (Suboperations A and B) were 

laid out to be excavated on a small rise at the southwest portion of the site.  This area 

was of interest due to the presence of, at least, three concrete steps of a concrete 

stairway leading to a level area at the top of the rise.  This area was considered to be a 
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small plaza as it was slightly higher than surrounding area and has better airflow.   

These excavation units are aligned side by side with Suboperation A sitting just north 

of Suboperation B.   

Lot 0 in this suboperation consisted of the surface once vegetation was 

removed.  Soil was a dry and loose version of the soil below in Lot 1.   

The soil in Lot 1 is a tan clay loam. Excavation of this lot was started using a 

gravel shovel to scrape soil away soil in approximately on centimeter increments.  At 2 

to 3 centimeters below modern ground surface the soil became harder and more 

compact and looked like it may have been a living surface.  To test this idea, the 

northern half of the unit was slowly excavated with a trowel but nothing definitive was 

found to indicate that this was a living surface, though a few artifacts were recovered.  

As excavation was nearing completion I queried the local workmen as surrounding 

debris or “chich” piles seemed odd.  The workmen indicated that the landowner had 

leveled the area for a modern home with a bulldozer and in doing so also destroyed the 

ruins of a small structure with stone walls half the height of normal house walls.  As 

this information made it clear that the excavated area was once enclosed space and fell 

into a gray area with respect to the permission to excavate, the unit was closed 

immediately.  No soil samples were collected nor were wall profiles drawn.   

This area also seems to have a pre-Hispanic component nearer to the surface 

than found elsewhere on the site.  No work was completed on Suboperation B other 

than initial clearing of vegetation. 
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Operation 7 Excavation units.  Operation 7 consisted of two adjoining 

excavation units (Suboperations A and B) located in the “sweep zone” outside of the 

company store/storehouse building.  The purpose was to investigate the buildings past 

use.  The building has an intact concrete and stone floor that precludes any excavation.  

The units were adjoining and arranged with Suboperation A located directly north of 

Suboperation B.   

Lot 0 in these suboperations consisted of clearing of vegetation and collection 

of the 8g of cockle shell material on the surface in Suboperation B.  The soil was a 

dusty version of the highly organic loam found below in Lot 1.  

Lot 1 in these suboperations were about 15 cm think.  Below a very dark, 2 cm 

think humic layer, the soil is a dark (7.5 YR2/2 dry) clay loam with very common 1 cm 

and smaller pebbles, far fewer slightly larger stones and a number of cobbles located in 

and just below the humic layer (Appendix D).  Soil samples were collected from the all 

corners and the middle of this lot, with samples from shared corners collected as 

Suboperation A. This lot seems to contain the remains of an activity area outside of the 

building doorway.   

 

Rancho Aznar 
 

 

The site associated with Rancho Aznar is located 11 km southeast of Solferino, 

at the end of a long road cut through the forest.  Like San Antonio Xuxub, the other 

three sugar processing sites had nearby agricultural fields, but those at Rancho Aznar 
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were overgrown, and only a few surface artifacts were located in situ.  We identified 

three features at Aznar as well, the first of which is a noria.  This feature is 5.0 m by 

3.7 m wide, has walls that currently stand up to 3.5 m tall above the ground surface and 

is approximately 8 m deep. The feature acts as a combination of a well and a cistern, as 

it provides access to groundwater in the water table, but is also a place for the water to 

pool and be stored.   The second feature is a 10.0 m by 6.0 m by 2.0 m tall water 

storage structure whose intact remains are similar to those at San Antonio Xuxub and 

Monte Bravo. The structure is built of limestone with concrete mortar with a smooth 

cement lining on the interior.  The feature had no openings in its side walls and was 

accessed through its open top. A scattering of architectural stones surrounding it may 

indicate additional ruined small features in the vicinity of the structure.  The location of 

the sugar-refining house is still unconfirmed, but a scatter of complete and nearly 

complete bottles was found, but the bottles were not collected, in 2012 in an area where 

relatives of the site’s owners had been told that there used to be a building fitting the 

description of the sugar processing building at San Antonio Xuxub.    

The third feature was an old well that had been cleaned out in the last few years, 

when the area was put back into use as a modern ranch.  It is about 3 m in diameter, of 

unknown depth, and the above ground portion was rebuilt when it was cleaned out.  

The ranch owner showed Jennifer Mathews and me a metate, a wooden pail fragment, 

and strap metal fragments that came from inside the well.  

Rancho Aznar to my best estimation is another venture that was owned and 

operated by Ramon Aznar or by his immediate family, then known as Axnal (Sullivan 
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2004:38, 201 notes 29-30).  The archaeological site is currently part of a privately held 

ranch. 

 

Fieldwork at Rancho Aznar 
 

 Fieldwork at Rancho consisted of 193 shovel probes; surface collection; and six 

1 m by 1 m excavation test pits (Figure 4.10). These investigations were conducted 

during July of 2014. 

Shovel Probes.  Each shovel probe was excavated to either a minimum of 30 cm 

or bedrock.  Many shovel probes were much deeper. The shovel probes were placed on 

a 5 m grid using magnetic cardinal directions. An approximately 100 g soil sample was 

collected from each shovel probe. In order avoid modern soil deposits, samples were 

collected between 5 cm and 15 cm deep.  Samples were collected where collection was 

easiest and no attempt was made to standardize collection from the same side of each 

shovel probe.   
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Figure 4.10: Rancho Aznar site map. Map by author. 
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At Rancho Aznar three areas were investigated using shovel probes.  These 

areas constituted all flat, undisturbed areas that had surface artifacts and were 

adequately away from standing features.  All shovel probes were designated as 

Operation 11 and each area probed was a suboperation designated by a letter A through 

C.  Individual shovel probes were designated as lots in sequential number order.  Soil 

samples from Rancho Aznar shovel probes were designated as Operation 12 and 

otherwise had the same provenience as the shovel probe from which they were 

excavated (the soil sample from Op11A/13 shovel probe bears the provenience 

Op12A/13). 

Operation 11, Suboperation A (Op11A) was located in the largest open area and 

where the owners have indicated the old sugar processing house was once located.  This 

area contained 119 shovel probes.  Of these, five contained artifacts and all but one 

were sufficiently deep to allow for the collection of a soil sample.  This area had few 

surface artifacts and was investigated subsurface primarily due to its proximity to the 

chimney and remains of the main processing area.  This area was considered a 

candidate for an area that may contain remains from sugar processing activities and 

worker housing.  This area also included a sinkhole that contains a trash deposit 

composed mostly of historic artifacts, created through recent (and likely continuing) 

cleaning of the nearby agricultural field. The results of the soil testing from this area are 

included in Chapter 6.  Two areas were chosen for excavation: the trash pit and an area 

east of the sinkhole that exhibits a number of linear groupings of rocks that coincide 

with where local informants indicate that the sugar processing building once stood.  
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The informants said that the structure was destroyed in a previous hurricane, and the 

stone sold as road material, but were inconsistent when queried about which storm 

caused the destruction.   

 Operation 11, Suboperation B (Op11B) was located at the western edge of the 

site.  This area contained 64 shovel probes.  Of these, two contained artifacts and all 

were sufficiently deep to allow for the collection of a soil sample.  This area had few 

surface artifacts and was investigated subsurface primarily due to its proximity to a 

small well.  This area was considered a candidate for an area that may contain remains 

of worker housing.  The results of the soil testing from this area are included in Chapter 

6 but due to the lack of surface artifacts and lack of buried feature remains and artifacts 

this area was rejected for placement of test pits. 

Operation 11, Suboperation C (Op11C) was located at the far southwest corner 

of the site.  This area contained 10 shovel probes laid out in two lines. None of these 

shovel probes contained artifacts and all were sufficiently deep to allow for the 

collection of a soil sample.  This area had no surface artifacts and was investigated 

subsurface to sample the area around the remains of a large, mostly destroyed, storage 

or fermentation tank.  No artifacts or subsurface features were found in these shovel 

probes and no further excavations were completed in the vicinity of the 

fermentation/storage tank. 

Excavation Units. Operation 13 consisted of a total of six excavation units 

located in the vicinity of the possible former location of the Rancho Aznar sugar 

processing house.  The results of the excavations show that cultural remains recovered 
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from Suboperations 13A and 13B and are not contemporaneously deposited with 

remains from Suboperations 13C-F and thus will be discussed separately.  See 

Appendix D for Operation 13 soil profiles. 

A minimum of one, but up to five, approximately 100 g, soil samples were 

collected from each lot in excavation units.  When lots extended to the entirety of a 1 m 

by 1 m unit samples were generally taken from the middle of the unit and as near as 

possible to all corners. When lots did not include all portions of the 1 m by 1 m unit, 

samples were collected from all unit corners that were excavated any may also include 

the middle.   

 Operation 13, Suboperations A and B excavation units were adjoining, and 

located within a small, dry sinkhole (Figure 4.11) near the possible former site of the 

sugar processing house and within the Operation 11A shovel probe grid. Op13A was a 

1m by 1m excavation unit placed roughly within the sinkhole and Operation 13B was a 

.5 m by 1 m unit adjoined to the south edge of Operation 13A. 
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Figure 4.11: Sinkhole used as a modern trash pit in which Operation 13, 
Suboperations A and B were located. Photograph by author. 

 

 These units were investigated originally because they appeared to be a midden.  

It was soon clear however that this was not the case as plastic “1-2-3” brand cooking 

oil, modern soda bottles, and modern (plastic and glass) Nescafe instant coffee jars with 

plastic lids were found below, and mixed in with, turn-of-the-twentieth century period 

artifacts.  This made it clear that the feature was not a stratified midden deposit but a 

recently filled trash pit. 

Operation 13, Suboperations C and D excavation units were located southeast of 

the natural fissure that contained Suboperations 13A/13B.  These units were placed 

near a roughly square (4 m by 4 m) grouping of low and discontinuous grouping of 

rock lines in the area that relatives of the property owners said had been the location of 

the destroyed sugar processing building (Figure 4.12).  This area was chosen, instead of 

within the enclosure, as that area contained exposed bedrock.   



117 
 

 
Figure 4.12: Operation 13, Suboperations C-F in possible former location of the sugar processing building. 

 

The surface (Lot 0) soils are organic rich and ashy from recent burning.  The 

surface contained no stones larger than 4 cm in diameter and was free of cultural 

material. The soil in Lot 1 of both of these excavation units is 7.5YR/3.1 brown clay 

loam with common round pebbles and few cobbles.  This lot was approximately 20 cm 

deep in most areas and was first excavated to a depth of approximately 15 cm, and then 

continued until bedrock was encountered in most areas of the units.  These 

suboperations were closed after this lot due to bedrock.  Soil samples were collected 

from this lot at all corners of both units and from the center of Operation 13C. 



118 
 

Operations 13, Suboperations E and F were placed along the northern edge of 

the same approximately square grouping of rock alignments as Suboperations 13C and 

13D were opened to investigate.    The surface (Lot 0) had the same ashy, highly 

organic residue as the surface of Suboperations 13C and 13D. The soils in Lots 1 and 2 

in both suboperations is also the same 7.5YR/3.1 brown clay loam with common round 

pebbles and few cobbles as found in Lot 1 of Suboperations 13C/13D.  Lot 1 in both 

excavation units was approximately 20 cm thick with few inclusions larger than pebble 

size.  Lot 2 in these units was 20 cm in its deepest points, but a large, flat, unmodified 

stone was encountered at 30 cm below modern ground surface in Suboperation 13E and 

smaller but other similar stones were found in Suboperation 13F at 38 cm below 

modern ground surface, that covered approximately 40 percent of the unit floor.  As 

these units had produced no subsurface artifacts, and there is no evidence of 

modification of the large stones, excavations were discontinued after Lots 2.  Soil 

samples for lots 1 and 2 were collected from all corners and the center of both 

suboperations. 

Surface Collection. Operation 14, Suboperation A contains the cultural material 

collected from the surface within Operation 11, Suboperation A.  No cultural material 

was collected from other shovel probe areas.  The paucity of surface artifacts, 

especially around Operation 11A shovel probes, is best explained by cleaning of the 

field of material that was dumped within the trash pit containing Operation 13A/13B 

excavation units. 
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San Antonio Xuxub 
 

 

San Antonio Xuxub is located approximately 10 km east-southeast of the 

modern fishing and tourism-focused village of Chiquila and is only accessible in a 

small-draft boat through the Laguna Yalahau34 (Figure 4.13), and sits on Solferino-

Chiquila ejido land. Travel time from Chiquila through the mangrove swamp to San 

Antonio Xuxub ranges from one to one-and-a-half hours depending on the tide.  The 

site is located on the Rio Xuxub, a water course through the mangrove that, despite its 

name, is not a true river and does not flow on land. 

 

 
Figure 4.13: View of boat passage through the Laguna Yalahau. Photograph by author. 

 

                                                            
34 Sometimes also referred to as the Laguna Costa Escondida or Laguna Holbox. 
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San Antonio Xuxub was founded by Mauricio Palmero ca. 1870, and Ramon 

Aznar purchased the operation in 1876.  The latest date of documented operation is 

1880 (Sullivan 2004).  Robert L. Stephens had wanted to purchase the operation 

himself but did not have the necessary capital.  He convinced Ramon Aznar to purchase 

the operation and they agreed that Stephens would manage the operation, and after 10 

years they would sell it and split the proceeds (Sullivan 2004:21).  The families that 

lived at the site and worked for Palmero stayed and worked for Stephens, but it is 

unclear whether part of the sale price of the operation including debts accrued by the 

workers that would have bound them to continuing to labor there.  This does seem 

probable, and Sullivan says that indebted peons were a necessary part of the business 

(Sullivan 2004:132). 

San Antonio Xuxub was not Stephens’ first experience with sugar operations in 

the area.  In 1871 Stephens was contracted to oversee the transport and installation of 

sugar processing and distillation equipment at a nearby operation known as Solferino35,  

owned by Andres Urcelay (Sullivan 2004:33).   After the equipment was loaded onto a 

contracted ship at the port of Progreso a storm rolled in off the Ocean.  Despite 

Stephens’ objections, the captain of the ship refused to leave port.  The ship was 

                                                            
35 The location of the historic site of Solferino is as yet undetermined.  One possibility is that it was the operation 
called Monte Bravo (due to its proximity to the site of that name) but this seems unlikely for a number of reasons.  
The Urcelay family was granted ownership of the village of Labcah which they renamed Solferino (Glover 2006; 
Sullivan 2004).  No other known site in the area fits the description of Labcah including near Monte Bravo.  Local 
informants indicate that the modern town of Solferino is built on top of Labcah and that the sugar processing 
building, the most diagnostic structure at a sugar mill, was destroyed when the road between Chiquila and El Ideal 
was modernized likely ca. 1950s.   Monte Bravo is located 7 km from Rancho Aznar then called Axnal (Sullivan 
2004).  Given the strained relationship between Ramon Aznar and the Urcelay family is seems unlikely that either 
family would have intentionally founded an operation so close to that of the other family.  It is possible that founding 
of both operations predates the feud.  One bit of reasoning points to Monte Bravo being Solferino is that otherwise it 
would mean that three contemporaneous sugar mills/distilleries operated within a very small area 
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swamped in port, and this resulted in Urcelay’s machinery being dumped into the sea.  

This may have permanently damaged the equipment, and the salvage operation and 

remediation delayed its installation beyond the original timeline agreed to by Stephens 

and Urcelay.  Urcelay blamed Stephens, even though the shipping company had 

operated outside of Stephens’ wishes (Sullivan 2004:34-35).   

Paul Sullivan discusses Robert Stephens’ fear that San Antonio Xuxub would be 

attacked by rebel Maya (Sullivan 2004).  Stephens felt that the scrub growth jungle 

(monte) between San Antonio Xuxub and the outside world protected his operation.  He 

feared that if there was ever a road (walking path) cut that would allow overland travel 

to San Antonio Xuxub, that it would be used to attack the operation.  Stephens was 

prophetic in this regard.  A road was cut and a group of crucero Maya, led by an exiled 

former general Bernardino Cen, who had recently been forced out of Chan Santa Cruz 

(Figure 4.14), used it to reach San Antonio Xuxub.  Stephens and some of his workers 

were killed. The raiders terrorized the workers and their families, and imbibed of the 

aguardiente stocks.  Hungover when they awoke the next day, the raiders took what 

they could carry and left.  The local Commander of the National Guard, Balthazar 

Montilla, and a group of volunteers from Kantunilkin, encountered Cen and his men 

still hungover.  Cen was killed in the skirmish as were some of his men.  Montilla 

continued to San Antonio and once he got there, he and his men also looted the 

aguardiente stocks, taking a portion to Andres Urcelay’s house in Solferino (Sullivan 

2004:121, 156, 166).   
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Figure 4.14: “The Yucatan Peninsula" from Xuxub Must Die: The Lost Histories of a Murder 
on the Yucatan, by Paul Sullivan, © 2004. Reprinted by permission of the University of 
Pittsburgh Press. This map includes Chan Santa Cruz and other locations pertinent to this 
study. 

 

It was Montilla himself that ordered the road to Xuxub be cut through the forest 

(Sullivan 2004:27). It is unclear whether Montilla cut the road, invited Cen to attack 

Xuxub, and then later silenced him, or just cut the road in hopes that someone would 

use it to attack Xuxub. As Stephens had made his objection to a road known for this 
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exact reason, and Montilla cut one anyway, the ill intent seems clear.  Montilla also 

profited personally from other dealings with the Urcelay family including when Andres 

was District Chief (Sullivan 2004:38).  All together this also points to a high likelihood 

of collusion between the Urceleys and Montilla to settle a score with Stephens. 

The ruins of San Antonio Xuxub (Figure 4.15) contain a sugar refining building 

with a nearby circular milling area, two wells, a storage feature (possible fermentation 

tank), three ancillary post or pylon features, and a low wall that may have acted as a 

boundary marker (Gust and Mathews 2011).  The sugar refining building is built of 

locally sourced limestone and mortar.  The smoke stack was originally approximately 

5.5 m tall (see Figure 9.1) but was partially destroyed in 2005 by hurricane Wilma 

(personal communication, Don Vio, 2011) 36.  The fire chamber was lined with brick 

sourced from the New York City area. This brick may have been primarily used 

originally as ship ballast.  Reuse of brick originally used as ballast is most evident in 

the Yucatán Peninsula the St. John's Cathedral (Figure 4.16) in Belize City, Belize.  

The configuration of the sugar refining building is known as a Jamaican train (Wayne 

2010) and has rounded interior walls that held three large, 1.0 m to 1.5 m diameter, 

kettles for boiling sugar-cane juice.  Cane juice would be ladled from kettle to kettle as 

more water evaporated and the juice became a thicker and thicker syrup.  The structure 

is currently open on top and contains no metal remains, but probably would have had a 

vegetal superstructure to act as shade, and some amount of metal piping.  There is a 11 

m diameter level, circular area ringed by stones located at the southeast corner of the 

                                                            
36 Paul Sullivan, personal communication (2009). 



124 
 

structure.  This was the site of a human or draft-animal driven mill used to crush sugar 

cane and extract the juice (Gust and Mathews 2011; Mathews and Croatt 2010; 

Mathews et al. 2011). 

 

 
Figure 4.15: Map of San Antonio Xuxub site core. Map by author. 
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Figure 4.16: St John's Cathedral in Belize City, Belize.  This church was 
constructed using ballast brick discarded by trading ships. Photograph by 
author. 

 

The storage feature at San Antonio Xuxub is 4.0 m by 5.0 m and 1.5 m tall 

(Figure 4.17) and is also constructed with locally sourced limestone and mortar.  The 

structure currently has a large crack within the northern wall.  The structure is lined 

with limestone-based cement so that it was originally watertight. 
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Figure 4.17: Probable fermentation tank feature from San Antonio Xuxub. Photograph courtesy 
of Jennifer Mathews. 

 

The two wells are both approximately 1.5 m in diameter. Well 1 is located 

slightly northwest of the storage structure and is more than 4 m deep.  Well 2 is located 

70 m east of the sugar refining building and is also more than 4 m deep.  Both wells 

have necks that are approximately .5 m tall above the surface and constructed of local 

stone and mortar.   

 

Fieldwork at San Antonio Xuxub 
 

Fieldwork at San Antonio Xuxub consisted of 105 shovel probes, surface 

collection, and four, 1 m by 1 m, excavation units. All excavation and shovel testing 
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was completed during July and August of 2014.  Surface collection was completed 

during this period and in June of 2011. 

Shovel Probes. At San Antonio Xuxub, three areas were investigated using 

shovel probes.  All shovel probes were designated as Operation 20 and each area 

probed was a suboperation designated by a letter A through C. These areas were near 

the ruins of the sugar processing house (Operation 20, Suboperation A), near a shallow 

well (Operation 20, Suboperation B) and around a low wall near the shore of Laguna 

Yalahau (Operation 20, Suboperation C).  Individual shovel probes were designated as 

lots in sequential number order.  Soil samples from San Antonio Xuxub shovel probes 

were designated as Operation 21 and otherwise had the same provenience as the shovel 

probe from which they were excavated (the soil sample from Operation 20 

Suboperation A/13 shovel probe bears the provenience Operation 21 Suboperation 

A/13).  Each shovel probe was excavated to either a minimum of 30 centimeters or 

bedrock.  Many shovel probes were much deeper. The shovel probes were placed on a 5 

m grid using magnetic cardinal directions. 

An approximately 100 g soil sample was collected from each shovel probe.  In 

order avoid modern soil deposits, samples were collected between 5 cm to 15 cm deep 

from shovel probes.  Samples were collected where collection was easiest and no 

attempt was made to standardize collection the same side of each shovel probe. 

 Operation 20, Suboperation A (Op 20A) was located directly west of the site 

core which consisted of the remains of the sugar processing building, the storage tank, a 

well, the mill and several other minor features.  This area contained 41 shovel probes.  
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Of these, 3 contained artifacts, and all shovel probes were sufficiently deep to allow 

collection of a soil sample. This area had scattered surface artifacts and was 

investigated subsurface due to its proximity to the site core and in search of the 

Stephens residence.  This area was also considered a candidate for the location of 

worker housing.  Shovel probe 20A/4 contained terra cotta ceramic floor tiles consistent 

with Paul Sullivan’s (2004) description of Robert L. Stephens’ home. The results of the 

soil testing from this area are included in Chapter 6. 

Operation 20, Suboperation B (Op20B) was in the area surrounding Well 2 

located south-southeast of the site core.  This area contained 43 shovel probes.  Of 

these, 12 contained artifacts, and all shovel probes were sufficiently deep to allow 

collection of a soil sample.  The results of the soil testing from this area are included in 

Chapter 6 but as few of the shovel probes contained artifacts, and none contained 

evidence of buried features, this area was rejected for placement of test pits. 

 Operation 20, Suboperation C (Op20C) was located in the far southeast corner 

of the site near a small retaining wall in the area that is used to secure boats for travel to 

and from the site today, and may have been used similarly in the past.  Of these, two 

contained artifacts, one contained possible but unlikely evidence of building material, 

and all were adequately deep to facilitate collection of a soil sample.  The results of the 

soil testing from this area are included in Chapter 6, but as few of the shovel probes 

contained artifacts and none contained strong evidence of buried features, this area was 

rejected for further subsurface investigation. 
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 Surface Collection. Operation 22 is comprised of the glass collected from 

modern ground surface in 2014. Surface collection activities that occurred in 2011 were 

assigned to Operation 26 during lab analysis.  Figure 4.18 is a map of collection 

locations from Operation 22 and 26.  For purposes of this discussion these locations 

have been summarized into five areas, three artifact concentrations, artifacts collected 

near a low wall at the southeastern edge of the site, and artifacts collected near the site 

core.  The site core is a small area and surface artifacts would likely have been moved 

around during and after occupation.  Operation 26, Suboperation A, Lot 1 is the 

western-most of three artifact scatter north of the site core of San Antonio Xuxub.  Lot 

2 is the northeastern-most of three artifact scatter north of the site core of San Antonio 

Xuxub.  Lot 3 is the northernmost-most of three artifact scatter north of the site core of 

San Antonio Xuxub.  The American/English improved white earthenware collected 

from this lot is 64 g is all undecorated. Lot 4 is located around a low wall near the 

shoreline at the southeast corner of San Antonio Xuxub.  Surface collections around the 

site core of San Antonio Xuxub are composed of Operation 26, Suboperation A, Lot 5 

through 9.   
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Figure 4.18: Artifact locations from 2011 (Operation 26) and 2014 (Operation 22) surface collections. Map by 
author 

 

When taken as a whole, most, if not all, of the surface assemblage (Operations 

22 and 26) dates to around 1895 to 1910.  This implies that worker access to 

American/English goods postdate both the attack of 1878 and the latest documented 

operation at the site in 1880.   

Excavations. Operation 23 consists of four, 1 m by 1 m excavation units 

(Suboperations A through D) (Figure 4.19) opened in search of additional clay flooring 

tiles like those found in the Operation 20, Suboperation A/4 shovel probe.  Paul 
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Sullivan (Sullivan 2004:6) reported that he and Anthony Andrews were told by local 

informants that Robert L. Stephens’ home had a clay tile floor.  A minimum of one, but 

up to five, approximately 100 g soil samples were collected from each lot in excavation 

units.  When lots extended to the entirety of a 1 m by 1 m unit samples were generally 

taken from the middle of the unit and as near as possible to all corners. When lots did 

not include all portions of the 1 m by 1 m unit samples were collected from all unit 

corners that were excavated and may also include the middle.   

 

 
Figure 4.19: Operation 23 excavation unit locations within the Operation 25 soil sample collection grid. Map by 
author. 
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Operation 23, Suboperation B was placed approximately 40 cm south of the 

center of the shovel test pit 20A/4. This test pit consisted of two subsurface lots. The 

soil in both lots was a Gley 2.5/N (dry) dark, clay loam (See Appendix D for Operation 

23 soil profiles).   

Operation 23, Suboperation A located just west of Operation 23, Suboperation 

B. This test pit also consisted of two subsurface lots.  This excavation unit had the same 

soil as Suboperation 23B 

Operation 23, Suboperation C was located .5 m north of Operation 23, 

Suboperation A. This test pit contained one subsurface lot.  This excavation unit had 

the same soil as Operation 23, Suboperation B.  

Operation 23, Suboperation D was located .5 cm south of Operation 23, 

Suboperation B. This test pit consisted of one subsurface lot.  This excavation unit had 

the same soil as Operation 23, Suboperation B in the northeast and southwest quarters 

of the unit.  The northwest and southeast corners had a ashy (10YR4/1 dry) version of 

the same soil.  The southeast corner also contained limestone that was disintegrated due 

to heat exposure.  While this rock was somewhat diffuse it did have a generally 

triangular outline with three lobes consistent with a three-stone cooking hearth.  The 

floor tile found in this lot was smaller and more diffuse.  
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Monte Bravo 
 

 

 The ranch associated the archaeological site of with Monte Bravo is located 4 

km southeast of the town of Solferino, along the limestone road that borders the 

southern edge of the municipal park.  This operation, based on its position, may be the 

site of the Solferino plantation owned and operated by the Urcelay family (Sullivan 

2004; see also footnote 35). During the summer 2011 investigations, we located this 

site in an agricultural field that was cleared of vegetation and easy to see.  The most 

intact feature was a water storage structure (Figure 4.20) consistent in size and 

construction with the water storage feature located at San Antonio Xuxub. A local 

guide, Manuel Camal Quintales, reported that the sugar refining building was damaged 

by multiple hurricanes and finally destroyed by hurricane Wilma in 2005. One of the 

only remaining features is a partially collapsed liquid storage tank located just south of 

the road, approximately 30 m from reputed site of the sugar-refining house.  No surface 

artifacts were identified at this site, but the construction methods and architecture style 

is very similar to San Antonio Xuxub and Rancho Aznar, leading to the conclusion that 

they are more or less contemporaneous.  If Monte Bravo is actually the sugar plantation 

operated by Andres Urcelay and his brothers, known as Solferino (Sullivan 2004), then 

the site’s founding would date to around 1870 and operations would have ceased no 

later than when fighting from the Mexican Revolution reached the area.  As the damage 

is so severe, no additional research was conducted at Monte Bravo.  
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Figure 4.20: Liquid storage feature from Monte Bravo.  This structure is probably a fermentation tank. Photograph 
by author. 

  



135 
 

CHAPTER 5 : ANALYSIS OF SAN EUSEBIO LABOR 
RECORDS 
 

After multiple unfruitful attempts at finding significant written records for the 

sites included in this study, a partial accounting record for San Eusebio was located in 

2014 in the General Archives for the State of Yucatán (Archivo General en Yucatán; 

AGEY) in Merida, Yucatán.  These materials were included in the records for San 

Eusebio owner the El Cuyo Company.  The accounting record for the El Cuyo 

Company included a total of 10 folders of receipts and labor records representing a 

partial record of 1909 and 1910 along with a small number records for 1907.  The labor 

records from 1909 and 1910 are the focus of most of this chapter. The folders include 

records for a total of five worksites (fincas), El Cuyo, San Eusebio, Moctezuma, 

Solferino, and Otzceh.  Only records from San Eusebio, Solferino, and El Cuyo were 

photographed due to time constraints.  

 

The Data 
 

 The company used books that grouped all labor records for each finca together 

by week.   These weekly labor records for San Eusebio were each entered into a spread 

sheet that captured the data for each worker; that worker’s name, job assignment, daily 

rate (or piece rate and pieces completed), number of days worked in that week, and 

total earnings for the week.  A final column on the records seems to have indicated 

either additional loans from the hacendado, or payment made against those loans, but 
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the recording of this information is often ambiguous and inconsistent. The data in the 

final column were not of use at this time.  A total of 36 weeks’ (Table 5.1) worth of 

data for San Eusebio was found within the records. Of these, 3 weeks’ worth of data 

was so incomplete/illegible that it had to be excluded, and 1 week that was legible was 

excluded from the analysis because, while all other records were from 1909 and 1910, 

it was from 1907.  This temporal discontinuity made these data inappropriate for use.  

The remaining data are from 1909 and 1910, and is usually in 3 to 5 week bursts.  Of 

the 32 weeks included, 3 weeks are incomplete in the dataset due to being only partially 

legible.  Table 5.1 also lists the AGEY provenance for records by week using their 

hierarchically based system of “Caja” (box), “Volume” (vol, volume) and “Expediente” 

(exp, folder) moving from general to specific.  All records are from the Ramo de 

Justicia, the Judicial Branch. 
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Table 5.1: Labor records referenced in this chapter by year, week in year, and provenance. 

Year, Week Caja, Vol, Exp Notes 
1907, 32 1289, 216, 26 excluded, discontinuous data 
1909, 06 1339, 266, 18   
1909, 14 1290. 217, 1   
1909, 16 1290, 217, 1   
1909, 17 1290, 217, 1   
1909, 24 1289, 216, 26   
1909, 25 1289, 216, 26   
1909, 26 1289, 216, 26   
1909, 27 1297, 224, 8   
1909, 28 1297, 224, 8   
1909, 32 1289, 216, 26 illegible, excluded 
1909, 34 1289, 216, 26   
1909, 35 1289, 216, 26   
1909, 36 1314, 241, 4   
1909, 37 1314, 241, 4 illegible, excluded 
1909, 38 1314, 241, 4 partially legible, included 
1909, 39 1314, 241, 4   
1909, 49 1314, 241, 4   
1909, 51 1314, 241, 4   
1909, 52 1317, 244, 8   
1909, 53 1317, 244, 8   
1910, 05 1354, 281, 18   
1910, 06 1354, 281, 18 partially legible, included 
1910, 07 1354, 281, 18   
1910, 08 1354, 281, 18   
1910, 13 1347, 274, 3   
1910, 14 1347, 274, 3   
1910, 15 1347, 274, 3   
1910, 16 1347, 274, 3   
1910, 17 1347, 274, 3   
1910, 26 1334, 261, 1 partially legible, included 
1910, 28 1334, 261, 1   
1910, 29 1334, 261, 1   
1910, 30 1334, 261, 1   
1910, 35 1328, 255, 13   
1910, 36 1328, 255, 13 incomplete, too illegible, excluded 
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This account record was located based on a footnote in Allen Wells and Gilbert 

Joseph’s book Summer of Discontent, Seasons of Upheaval (Wells and Joseph 

1996:336n52).  A single book or folder was expected.  This larger-than-expected 

dataset, finally located near the end of fieldwork, posed a problem as time had not been 

budgeted to pour over this wealth of information.  Archivo General en Yucatán staff 

graciously allowed me to take photographs of needed pages.  While this allowed more 

data collection, the mediation of the camera did exacerbate the problems already 

present within the records.   

 

Condition of Dataset 

 

Most pages showed insect or mold damage to a greater or lesser degree.   The 

authors of the records also contributed to their difficulty of use.  The records were 

written in ink, most likely with a nib pen.  Some authors appeared to have preferred 

narrow nibs while others preferred wider nibs.  The records written with narrow nibs 

were easier to read, while the ink from wider nibs ran more often, and in some cases 

“bloomed” outwards, making entries appear more like blobs than technical writing.   

The final issue is that there were multiple variations of job titles and alternate spellings 

of worker names.  The clearest case of alternate names is a worker called both 

Francisco Bayeca and Francisco Vayeca.  This instance was likely due to the similarity 

of the voicing of the “b” and “v” in the Spanish language.  Similarly, the surname of a 

number of workers were alternately spelled “Bousa” and Bouza”.  Whenever possible 
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and reasonable these entries were collapsed to reference a single worker during the 

analysis.  There were also a number of entries in which only a given name or surname 

was legible/present.  In one case the name reads “….berto Pacheco” but there were 

workers named both “Alberto Pacheco” and Norberto Pacheco”.  All records that were 

ambiguous were excluded, and this included records in which no part of the given name 

and/or no part of the surname was present/legible. 

 

Constitution of Workforce by Type of Work 

 

Of 236 unique workers, 61 (25.8 percent) worked for day wages only37, 88 (37.2 

percent) worked at piece rates only, 87 (36.8 percent) worked a mix of day wages and 

piece rates. Thus, of the 236 workers for which there are data, 74.2 percent worked at 

piece rates during the period.    

There are a total of 1005 entries, each representing a worker’s earning in a week 

in which he38 worked exclusively at a daily rate.  This group was paid a total of 5265.0 

pesos for 5028.5 days of work.  Daily rate workers labored an average39 of 5.0 days per 

week with a minimum of less than one day and maximum of all seven days in a week.  

The average daily rate for work was 1.05 pesos per day with a minimum of .25 pesos 

per day and a maximum of 2.0 pesos per day. The average weekly earnings for a 

worker only working at a day rate during a given week was 5.24 pesos. 

                                                            
37 Includes one worker who has unknown work type for one week. 
38 No name that more likely than not belongs to a woman or girl appears in any of the labor records used in this 
chapter. 
39 Unless otherwise noted, average refers to the mean average. 
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 The dataset contains a total of 933 entries for workers who only worked at a 

piece rate during a given week.  Of these, 88 are duplicates that represent a second or 

third assignment, or piece rate for a single worker.  These duplicates were collapsed 

into a single entry per week, per worker, leaving a total of 845 entries for weeks in 

which workers only worked at piece rates.  These workers were paid a total of 3930.60 

pesos for this labor.  This averages 4.65 pesos per worker per week.  Assuming the 

same average of a 5.0-day-work-week used for daily rate workers, this amounts to .93 

pesos per day. Thus, a worker that labored only at piece rate for a week averaged only 

88.7 percent as much in earnings as a worker laboring only at daily rates for a week.  

When a worker labored at both piece rate and salary rate within a given week, those 

data were excluded from this comparison.  

 A couple more factors may be reflected in the difference in lived experience 

between daily pay work and piece rate work.  The first of these is an understanding that 

the labor records, while representing an accounting of to-whom wages were paid, do 

not necessarily represent who was actually completing all the labor.  In haciendas, as 

elsewhere, it was commonplace for a work assignment to be given to an adult male. 

This was often impossible for him to complete by himself and he would involve other 

members of his family (Rivero 1994:79). In addition, women and girls were often 

expected to labor for the hacienda doing domestic chores (Peniche Rivero 1994:79) 

without any compensation whatsoever.  If the expectations for women and girls are the 

same at San Eusebio, this also accounts for why there are no women or girls included in 
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the records.  Their labor would be expected, and went either unpaid or was lumped in 

with that of a male family member. 

Alternatively, some of the most well-paid day rate job assignments seem more 

likely to only be jobs for one individual.  These would include the capataz (or capatas, 

foreman) and the mecanico (literally mechanic).  In Yucatán the mecanico was in 

charge of the operation of all machines and is comparable to the senior mill-wright in 

an American factory.  In the latter case, a son apprenticing would seem reasonable, but 

there are a number of workers who were paid as mechanic’s assistant at various times 

who did not share the same surname as the mecanico.  Even if the wages for these job 

titles were at a family rate, the physical intensity of the work in skilled positions would 

be less than for piece-work tasks like cutting sugar cane.   

 

Luneros at San Eusebio 

 

 These records do not indicate anything definitive with respect to the state of the 

lunero system within the study area.  In Yucatán state, luneros were landless, or land 

deficient, farmers who worked Mondays for haciendas in exchange for access to 

farmland.  The records for Mondays do not indicate pay for a large number of 

additional workers on Mondays.  This would make sense as luneros were working to 

either pay off small debts or for access to farmland.  Alternatively, there is no evidence 

of fewer day-rate workers working Mondays that could be interpreted as luneros 

working in their stead.  Piece-rate work was not broken down by the day in labor 
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records, only by the week.  One possibility is that the lower of multiple rates paid for 

the same job title, like cutting sugar cane, may represent a modified system where labor 

is extracted, not unpaid, but at a reduced rate. If there were luneros working at San 

Eusebio, a more parsimonious explanation, however, is that as the payment of many of 

the piece-rate job titles is by the mecate (a 20 m by 20 m square piece of land or 

equivalent), that the lesser rate reflects less-dense ground cover that would take less 

effort to clear and would yield less sugarcane.  It seems most likely that luneros had 

become rare or nonexistent by this time, (1909-1910) as they had in Yucatán state half 

a century earlier. 

 

Analysis of Length of Employment 
 

 The data is silent on the lunero system, but when the number of weeks that each 

worker labored (any amount) at San Eusebio is summarized, interesting patterns 

emerge.  The data was summarized three ways as shown in Table 2.  The first was the 

number of weeks each employee was employed, regardless of job type.  This is how the 

total number of 236 unique workers was found (All).  Second, the data was summarized 

by number of weeks an employee worked for day wages.  This yielded 145 workers 

who labored for day wages at some point (D). Third, the data was summarized by 

number of weeks an employee worked at piece rates.  This yielded 170 workers who 

worked at piece rates at some point (P).  A total of 79 workers labored for both wages 

and at piece rates in a single week, accounting for the number of daily rate workers, 

plus number of piece rate workers, surpassing the total number of workers. 
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Table 5.2: Numbers of weeks worked by type of work. 

  Number of Workers Earnings (pesos) All Workers 

Weeks Worked All D P All Workers % Total Payroll  

1 77 31 60 344.18 3.61 

2 22 17 22 237.14 2.49 

3 39 11 28 570.55 5.99 

4 15 9 11 308.46 3.24 

5 8 11 5 195.07 2.05 

6 7 4 6 246.3 2.58 

7 1 1 1 23 0.24 

8 2 4 3 98.37 1.03 

9 6 3 3 268.53 2.82 

10 4 3 5 288.82 3.03 

11 5 2 4 365.44 3.83 

12 3 5 1 200.73 2.11 

13 3 1 2 210.42 2.21 

14 2 3 1 228.51 2.40 

15 1 5 4 106.87 1.12 

16 1 1 2 84.83 0.89 

17 1 0 0 117.25 1.23 

18 1 4 0 97.79 1.03 

19 0 2 1 0 0.00 

20 6 1 5 627.72 6.59 

21 3 2 3 322.82 3.39 

22 0 3 1 0 0.00 

23 4 2 0 677.65 7.11 

24 6 2 1 887.65 9.31 

25 3 1 0 325.3025 3.41 

26 6 0 0 948.18 9.95 

27 2 4 0 337.6425 3.54 

28 2 0 0 339.68 3.56 

29 1 0 0 192.17 2.02 

30 3 0 0 469.71 4.93 

31 1 0 0 184.56 1.94 

32 1 1 1 224.5 2.36 
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 The hacienda system of labor in Porfirian Yucatán had two main types of 

laborers, salaried workers who were usually mestizos, and jornaleros who were usually 

Maya. The jornaleros were debt peons legally attached to the hacienda who may or 

may not have resided on hacienda grounds depending on their level of indebtedness 

(Meyers and Carlson 2002:229).  Sugar producing haciendas in Yucatán rarely had a 

large number of resident debt peons but a large portion of the workforce seems to have 

been bound to the hacienda like at henequen plantations (Alston, et al. 2009:112n30).  

The labor records paint a different picture at San Eusebio.  The tables below (Tables 

5.3-5.7) show the number of workers that labored each number of weeks, in four week 

increments, in eight week increments, dividing the number of weeks into thirds (11 

weeks, 11 weeks, and 10 weeks), dividing the number of weeks in two (16 weeks and 

16 weeks), and by those that worked up to four weeks, versus those that worked more 

than four weeks.  It is this last comparison where the pattern is most stark.  For all three 

categories, all workers40 (64.8 percent), day-rate workers (55.2 percent), and piece-rate 

workers (71.2 percent) a majority of the workers worked during four or less weeks.  As 

the piece-rate work is not recorded on a daily basis in the records, it is impossible to 

break this whole data set down to the day, but a number of day-rate workers worked 

only a single day. 

 

 

                                                            
40 19 records did not include the type of work performed and were thus excluded from this analysis.  For ease of 
interpretation these records were excluded from payroll calculations and would add less than 10 pesos per year to 
total average yearly payroll. 
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Table 5.3: Number of laborers that worked in four week increments. 
Weeks 
Worked All All% 

Total Earnings 
(pesos) 

% of Total 
Earnings D D% P P% 

1 to 4  153 64.83 1460.33 15.32 68 51.13 121 71.18 

5 to 8 18 7.63 562.74 5.91 20 15.04 15 8.82 

9 to 12 18 7.63 1123.52 11.79 13 9.77 13 7.65 

13 to 16 8 3.39 630.63 6.62 10 7.52 9 5.29 

17 to 20 7 2.97 842.76 8.84 7 5.26 6 3.53 

21 to 24 13 5.51 1888.12 19.81 9 6.77 5 2.94 

25 to 28 13 5.51 1950.81 20.47 5 3.76 0 0.00 

29 to 32 6 2.54 1070.94 11.24 1 0.75 1 0.59 

Total 236 100 9529.85 100.00 133 100 170 100 
 

Table 5.4: Number of laborers that worked in eight week increments. 

Weeks Worked All All% D D% P P% 

1 to 8 171 72.46 88 66.17 133 78.24 

9 to 16 25 10.59 23 17.29 23 13.53 

17 to 24 21 8.90 14 10.53 11 6.47 

25 to 32 19 8.05 8 6.02 1 0.59 

Total 236 100.00 133 100.00 170 100.00 

 

Table 5.5: Number of laborers that worked in eleven, eleven, and ten week increments. 

Weeks Worked All All% D D% P P% 

1 to 11 186 78.81 96 72.18 144 84.71 

12 to 22 21 8.90 27 20.30 23 13.53 

23 to 32 29 12.29 10 7.52 3 1.76 

Total 236 100.00 133 100.00 170 100.00 

 

Table 5.6: Number of laborers that worked in sixteen week increments. 

Weeks Worked All All% D D% P P% 

1 to 16 197 83.47 111 83.46 158 92.94 

17 to 32 39 16.53 22 16.54 12 7.06 

Total 236 100.00 133 100.00 170 100.00 
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Table 5.7: Comparison between workers that worked for four or fewer weeks to workers who worked five or more 
weeks. 

Weeks Worked All All% D D% P P% 

1 to 4  153 64.83 68.00 51.13 121 71.18 

5 to 32 83 35.17 65.00 48.87 49 28.82 

Total 236 100.00 133.00 100.00 170 100.00 

 

 If the 32 weeks of data present is representative of the entirety of the years 1909 

and 1910, then workers who labored for four or less weeks worked one eighth of the 

two-year period or the equivalent of one calendar season or less in aggregate41.  When 

similarly calculated, over 2/3 (all, 72.5 percent; day rate, 69.0 percent, piece rate 78.2 

percent) worked one half of a year or less (26.50 weeks) in aggregate over the two-year 

period.   This does not seem to fit the pattern of entrapped debt peons, and instead 

suggests a situation in which San Eusebio was recruiting a reluctant, free workforce.   

 This does not mean, however, that a majority of wages was paid to these short-

term workers.  Only 1460.33 pesos (15.3 percent of total payroll42) was paid to those 

workers that worked four weeks or less (Table 5.3) while 3021.75 pesos (31.7 percent 

of total payroll) was paid to those that worked 25 to 32 weeks but who represented only 

8.05 percent of the total workforce.  This latter group included most of the skilled or 

responsible positions like mechanic, carpenter, and foreman that paid above 1 peso per 

day; but even understanding that, it is clear that a small number of employees that 

worked most of the period under study were very important to the operation.  When the 

                                                            
41 More specifically 105 weeks in two years / 32 weeks of data X four weeks = 13.25 weeks or less 
42 These amounts and percentages refer only to amounts earned by employees paid directly by the El Cuyo Company 
and do not include amounts paid to labor contractors discussed later. 
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9529.845 pesos in payroll is adjusted to represent the whole two-year period an average 

the result is an average yearly payroll of 15,634.90 pesos 

 

9529.85 pesos / 32 weeks of data X 105 weeks in two years / two years = 15,634.90 

pesos 

 

 Currently these records, housed at the AGEY, are the only known records of 

any of these workers while they were employed at San Eusebio. The otherwise near 

absence of period documents for the area includes the lack of clerical documents that 

would record events like births, weddings, and deaths. 

 

Wages Based on Assignment 

 

 A total of 8 men were paid as capataz or foreman over the 32 weeks for 

which there are data.  These men held the position for a minimum of 1 week (Rafael 

Cruz) and a maximum of 22 weeks (Nicholas Sanchez).  Five men held the position 

four weeks (Manuel Can, Felipe Cruz, Simon Kong, Juan Felipe), and one (Alfredo 

Corral) held the position for ten weeks.  Over the course of the data set, an average of 

1.9 capataz were employed per week.  The tasks that each would oversee when there 

were multiple foremen in a given week is unknown.  These men appear to have been 

“straw bosses”, foremen drawn from the worker pool that are not necessarily seen as 

permanent by the company, and may not have the authority to hire or fire workers 
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unattached to the operation by debt. There are two pieces of evidence that point to this 

status.  The first is that no worker held the job title for all or almost all of the weeks 

represented in the dataset and, in fact, all but one foremen worked under another job 

title at some point.  The one person who only ever worked as a foreman (Hilario Sosa) 

only worked for four weeks.  Second, the foremen were not the highest paid worker; the 

mecanicos, and sometimes the carpinteros (carpenters) and caladores de caldrons 

(sugar kettlemen), earned 2 pesos per day compared to the 1.5 pesos per day made by 

the capataz. In addition to lower paid mecanicos, caladores de caldrons, and 

carpinteros, some of the other jobs that paid in excess of one peso per day include 

ayudientes de mecanicos (mechanic’s assistant), albañiles (stone masons), and 

corraleros (those that tended the corrals).   

 Most men laboring for day wages in any given week worked for 1 peso per day. 

The kinds of work they were assigned included as plataformeros, loading Decauville 

narrow-gauge rail cars, moving and replacing the rails (listed in the records as 

movimiento de vias), constructing houses, and possibly those operating the crushing 

mill and apportioning sugar into containers for sale.  While other jobs averaged a four 

or five-day-week, gardas (guards) and corraleros worked seven days a week as did the 

mechanics.  These assignments probably entailed some measure of daily work plus 

being “on-call” anytime a machine needed repair, and ensuring that company property 

was secure at all times. 

 A number of positions either were always paid at a daily rate of less than one 

peso, or had a range of rates that started below one peso per day.  Workers moved 
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Decauville rail and built houses, sometimes for a lesser rate of .75 pesos per day, served 

as a crushing mill operator for 0.5 pesos per day, or loaded rails cars and even worked 

as a mechanic43 for as little as .375 pesos per day.  Other jobs paid at this lowly rate 

were housekeeping44, reconstructing houses, and pulling (or cutting?) mule pasture.   

 These jobs for which workers earned less than one peso per day, especially 

those in which they earned significantly less, may have been assignments for workers 

that either could not work an entire day or could not work as much as others.  Thus, 

these positions may have been a way for young men to start working towards forming 

their own household, and for the old or infirmed to not starve.  Older workers in 

Yucatán were called reservados and normally performed light tasks and acted as 

reserve workers in times when large numbers of workers were needed (Rivero 

2003:572). This also fits a pattern seen today in the Yucatán Peninsula in which elderly 

men are responsible for a relatively small amount of work each day, often keeping 

parks or sidewalks clean, in exchange for a small amount of money from the town. 

This dataset does not provide a wealth of information about the indebtedness of 

peons.  The labor rolls have a column that may have been used (or have been intended 

for use) to record small loans, but it was not used consistently.  The preprinted ledgers 

used for monthly reports include an area where payments made by peons against their 

loans were to be recorded, but this area was often used to record other information.  

That this area was often available for other uses may be an indication of how seldom 

                                                            
43 Likely as an assistant but this is not recorded in the documents. 
44 This assignment appears as casa admon in the records but may actually be more the equivalent of a groundskeeper 
or janitor.  The low pay may indicate that this task was performed by an adolescent boy or an older man who could 
no longer work a normal day performing more physically intensive tasks. 
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payments were made.  Other data concerning the taking out and repayment of loans is 

similarly spotty. 

 

(Lack of) Information on Worker Indebtedness 
 

Of the 32 weeks for which there is usable loan data, 16 have entries related to 

the receipt of payments on loans.  Of these, 12 weeks have a single entry, 1 week has 2 

entries, and 3 weeks have 3 entries, for a mean number of entries of 1.8 per week.  

Three monthly reports for the entirety of the El Cuyo Company have a total of 20 

entries concerning loan transactions; May 1909 has 2 transactions, July 1909 has 7 

transactions, and September 1909 has 11 transactions.  During the periods represented 

in the data, 184.63 pesos was repaid at El Cuyo (finca) and 333.89 pesos was loaned, 

and at San Eusebio 739.00 pesos was repaid with 228.00 pesos paid out in loans.  

Further complicating the matter are a number of peons who were also listed as 

contratistas (contractors).  Three of these contractors are listed in both the monthly and 

weekly records; Juan Felipe, Manuel Kong, and Samuel Kong.  Together these men 

represent 326.51 pesos of the total loans received, with Juan Felipe repaying 134.88 

pesos at San Eusebio for the 134.51 pesos he received that was listed on the El Cuyo 

Company books. The dual listings of these men as contractors and peons makes it 

unclear if these payments were loans traditionally made under peonage, or advances for 

particular projects.  Without this information the interpretative value of the loan data is 

null. 
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The dataset also includes typewritten receipts signed by Manuel Can and Hilario 

Son.  These receipts are notable because Can’s is signed in Chinese (Dr. Shyh-wei 

Yang, personal communication 9/2015) and Son’s is signed in Korean (Dr. Sang-Hee 

Lee personal communication 9/2015).  Dr. Yang indicated that when translated, the 

signature listed for Can would include a final hard “g” such as in the English word 

“young”.  Thus, the Manuel Kong listed at El Cuyo and the Manuel Can listed at San 

Eusebio may be one and the same.  If this is the case, he repaid 87.5 pesos of the 137 

pesos he had borrowed.  A Simin Kon is listed at San Eusebio as is a Simon Kong, and 

a Simon Kon is also on the books at El Cuyo.  By the same logic used above, these are 

likely the same person.  Based on the sound of the names Manuel Can/Kong may be 

related to Simin/Simon Kon/Kong.  Dr. Lee also indicated that Hilario Son’s signature 

looked like that of someone who only knew the shapes of the characters but did not 

actually write Korean.  Thus it was the equivalent of an illiterate nineteenth century 

American “making their mark”. 

 

Contracted Workers at San Eusebio 
 

The dataset contains three pairs of receipts dated for September 4, 1909; 

September 11, 1909, and September 18, 1909; one for each man, for each day 

(examples Figures 5.1 and 5. 2).  Son was paid a total of 383.72 pesos and Can was 

paid 457.16 pesos during the same period.  Of this, only 6 or 9 pesos per receipt 

(basically per week) was for their work as foremen.  The remaining 359.72 pesos paid 
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to Son and 430.16 pesos paid to Can was for piecework, mostly weeding.  This is 

obviously far too much work for them to have completed themselves. 

 

 
Figure 5.1: Receipt in the amount of 135.75 pesos signed in Chinese by Manuel Can. Photograph 
by author. 
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Figure 5.2: Receipt in the amount of 89.03 pesos signed, in Korean, by Hilario Son. Photograph 
by author. 

 

Workers on the normal labor rolls who weeded the sugar cane were paid .25 

pesos, .375 pesos or, most commonly, .5 pesos per mecate.  The difference might be the 

amount of weeding actually necessary in a particular spot.  Son and Can were paid 

.5625 pesos per mecate, except when Can was paid .4375 pesos per mecate for 145 

mecates of weeding on 18 September, 1909.  What appears to have happened is that 

Son and Can were recruiting and supervising a group of workers, paying the workers 

the .5 pesos/mecate, and the 6.25 centavos per mecate was their fee.  Sometimes 

workers were compensated at a lesser rate for the same task.  This was often at three 

quarters of the normal rate.  When 6.25 centavos are subtracted from the .4375 pesos 

per mecate payment, the result is .375 pesos per mecate, three quarters of the .5 pesos 

per mecate rate.  By this interpretation, the fee paid to the contractor is constant for this 
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task. Can and Son were paid at a rate of 1.125 pesos per 300 sugarcane stalks planted, 

when the normal rate for that work is 1 peso per 300 stalks, again representing a 

premium paid to the contractor. 

Given the general pattern at haciendas in Yucatán, in which almost all salaried 

workers were mestizos, almost all jornalero worked primarily at piece rates, and 

foreigners were often at the bottom of the social hierarchy (Alston et al. 2009:119); it 

may seem surprising that a Chinese man and a Korean man would hold the salaried 

position of foreman.   The local workforce may have been reluctant to take orders from 

an outsider.  Drs. Sang-Hee Lee and Shyh-Wei Yang have also identified a number of 

names within the June 1909 monthly report from the El Cuyo Company that are 

possibly translated from Korean or Chinese (personal communications 9/2015) (Table 

5.9)45. Given that there appears to be a foreigner population in the area, perhaps Can 

and Son were recruiting from, supervising, and paying a foreigner workforce.  If this 

was the case, then only Can and Son would deal directly with the company, making it 

clear to these subcontracted workers that loans, and thus land, were not available to 

them through the El Cuyo Company.  The premiums paid for task work may also, in 

whole or in part, supplement these workers pay for lack of access to the benefits of 

working directly for the company, as foreign workers in Yucatán state did not have 

access to hacienda land or loans, and may not have had access to rations if any were 

provided to other workers. 

 

                                                            
45 AGEY Ramo Justicia, Caja 1289, Vol 216, Exp 26 
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Table 5.8: Possible foreign origin of some workers based 
on their names. 

Name Chinese Korean 

Son Mon Ho X X 

Ki Hin Jan X   

Kin Too Si X X 

Chan Jao Man X   

Kin Sum Pil   X 

Can Sok Chun X X 

Kin Yon Su   X 

An Son Mon   X 

Kin Cun Pil   X 

Kin Ta Ban   X 

Kin [B]on Jan   X 

 

The presence of workers, not recorded on the normal labor rolls, poses an 

interpretive problem.  As the receipts bearing Can’s and Son’s signatures were 

collected opportunistically, and due to the foreign appearance of the signatures, the 

amount of contracted labor as a portion of all labor is unknown.  It does add a third type 

of worker to the existing framework of salaried workers and jornaleros.  The 

subcontracted worker is in an even more tenuous position than the jornalero, as they are 

not employed directly by the company.  Excepting the foremen, all of the contracted 

labor was paid at piece rates.  Additional contractors and subcontractors, if this pattern 

holds, would further increase the ratio of piece-rate to day-rate workers.  
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Discussion 
 

 

Based on the number and type of workers (direct employees vs. subcontractors), 

and the type of work performed, the labor pattern does not match that of either sugar 

mills or henequen haciendas in Yucatán state. There does still seem to be a tiered 

system, with the foreign workers at the bottom46 (Sweitz 2012:246), but conceiving of 

the salaried workers and jornaleros as separate groups does not fit the data.  

Statistically, there were just as many workers who labored both for a day rate and at 

piece rates, as there were workers that only labored at piece rates.  Based on the data 

present, it is probable that some of the day-rate-only workers labored for piece rates in 

weeks for which there is no data.  The most reasonable metric is length of service.  

There is a natural break around either 23 or 20 weeks of employment (Table 5.2) that 

corresponds to 71.9 percent to 60.6 percent of the weeks worked, to 58.1 percent to 

48.1 percent of the payroll (of that paid to direct employees) but only 16.1 percent to 

12.3 percent of the workforce. This 12 percent or 16 percent of the staff is a “core” 

group of permanent or valued workers. The other workers are free labor that was 

employed inconsistently.  The paternalistic ties that underlie debt peonage appear 

strongest between the company and the core group were reduced or non-existent for 

others, and the employer had no direct ties to the subcontractor labor-pool at all.  These 

data suggest that is not an enterprise focused on entrapping a large group of particular 

                                                            
46 This is based on the short period for which documents are available.  The durability of any “tier” through time and 
an individual’s potential/ability to exploit the system could only be seen with more longitudinal data. 
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workers, but one focused on free laborers that it can hire and layoff at will. About 85 

percent of the workforce is itself an undifferentiated commodity.  This is consistent 

with the pattern that Mattiace and Nonnenmacher (2014:383) report for late Porfirian 

Yucatán. The focus on itinerant workers is similar to that of pre-henequen Yucatec 

haciendas.  It is unknown whether San Eusebio became more dependent on temporary 

workers over time, or was never dependent on attached workers.  Workers at San 

Antonio Xuxub in the late 1870s were resident workers (Sullivan 2004:20) but this was 

necessary because of the purposeful remoteness of that operation. 
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CHAPTER 6 : SOIL PHOSPHATE ANALYSIS 
 

Review of Pertinent Literature 
 

The use of soil phosphorous (P, usually in phosphate state) testing, in one form 

or another, in archeology is well-established and well-documented.  The utility of this 

testing is predicated on two known facts.  The first of these is that human action can 

augment naturally occurring phosphate in soil as well as deplete soil phosphate levels.  

Actions that increase phosphate levels in soil include introduction of human waste; the 

dumping of food remains, especially bone, using shell to form pathways, piling of 

material from clearing, ash from fires, and other similar tasks (Holliday and Gartner 

2007:302; Sjöberg 1976:447).  Plant growth, unless the soil is amended depletes the 

soil of phosphorous over time.  The second known fact is that organic phosphorous is 

unavailable to plants (Mississippi State Univeristy Extension Service 2014) unless and 

until it is chemically changed into inorganic phosphorous (Parnell et al. 2002a, contra 

Sjöberg 1976:447).  This results in relatively stable level of P in the soil, unless soil is 

disturbed in some way, or more specifically: 

 

Human activities can strongly redistribute P in soils. Plants take up P 
from the soil. They can be eaten by animals or harvested. The animals 
themselves can be moved or ‘harvested’; they can be enfolded, 
concentrating P in a particular area. Dung residues can be collected and 
used as manures, respread over the fields; on the other hand they may be 
used as a fuel, as a walling material, or ignored. As part of the produce 
of an economic system, P is very mobile; it’s [sic] importance lies in the 
strong fixative powers of the soil. When P enters the soil system it is 
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relatively immobile compared to other elements concentrated by the 
activities of humans.’’ [Bethell and Máté 1989:9 in Holliday and Gartner 
2007:303]. 

 

  The method by which P is fixed by soil depends greatly on the pH of the soil.  

In soils with low pH (5.5 and below) “aluminum and iron phosphates are precipitated 

while [i]n calcareous soils of high pH phosphate ions are precipitated as insoluble 

calcium or magnesium phosphates such as calcium monohydrogen phosphate” (Sjöberg 

1976:447; Holliday 2004:302, 305).  

A number of authors (Bethell and Máté 1989; Eidt 1977; Woods 1975) and 

most recently Holliday and Gartner (2007)47, have summarized the use of 

archaeological phosphorus analysis with the first three of these using a historical 

evolutionary method, and Holliday and Gartner (2007) summarizing work by method 

utilized.  The earliest use of phosphate testing was accomplished by O. Arrhenius and 

W. Lorch in northwestern Europe (Arrhenius 1931, 1963; Lorch 1940, 1954).  

Development of new methods continued after World War II with Solecki (1951), 

Dauncy (1952), Dietz (1957), and Mattingly and Williams (Mattingly and Williams 

1962, published groundbreaking work from the United States and Mexico on multi-

elemental analysis including phosphorous but this work suffers from a lack of 

explanation of specific methodologies (Holliday and Gartner 2007:305).  Holliday and 

Gartner (2007:305) credit work of Robert C. Eidt and William I. Woods (Eidt 1973, 

1977; Eidt and Woods 1974; Woods 1975, 1977), both as individual and as 

                                                            
47 Summarized in tabular form on pages Holliday and Gartner 207:310-312 
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collaborators, and a review article by Bruce Proudfoot (1976), with the rapid expansion 

of methods and application of P testing in archaeological contexts. 

A review of the literature on the utilization of phosphorous analysis in 

archaeology since the publication of Holiday and Gartner’s review article (2007) shows 

almost no change in the laboratory testing procedures, and is instead literature which 

reports on new application of established methods. 

The Mehlich II method (Mehlich 1978; Terry et al. 2000) is the procedure most 

commonly used within the Maya area to analysis soil phosphorus patterning (Anderson 

et al. 2012; Bair 2010; Coronel et al. 2014; Eberl et al. 2012; Hutson et al. 2009; Jensen 

et al. 2007; Luzzadder-Beach et al. 2011; Meyers 2012; Meyers et al. 2008; Parnell et 

al. 2001; Parnell et al. 2002a; Parnell, Terry and Sheets 2002; Terry et al. 2004; Wells 

2010; Wells et al. 2000) often paired with inductively coupled plasma (ICP) based 

methods for detection of heavy metals (Anderson et al. 2012; Bair 2010; Eberl et al. 

2012; Hutson and Terry 2006; Jensen et al. 2007; Luzzadder-Beach et al. 2011; Parnell 

et al. 2002; Parnell et al. 2002b; Terry et al. 2004; Wells et al. 2000)  

Broadly speaking, there are two different types of analyses that measure 

phosphorus in soil.  These are protocols that that measure extractable P (in phosphate 

form) and those that measure total phosphorous content (total P or Ptot) (Pierzynski 

2000).  The Mehlich II method measure extractable phosphorous (Mehlich 1978).  A 

number of research teams have incorporated methods that measure both extractable 

phosphorous (phosphate) and total P (Beach, et al. 2002; Parnell et al. 2002) including 
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fractionation methods that separate and allow for comparison of phosphorus in multiple 

states (Hutson et al. 2009).  The difference is important between extractable and total 

phosphorous determining protocols as anthrogenic, human derived, P is in phosphate 

form.  The magnitude of phosphorus derived from testing that measure total P will be 

greater but it makes it much harder to distinguish anthrogenic phosphorous.  

 

The P method in the kit was based on the Mehlich-2 dilute acid procedure 
and was compared to a bicarbonate extraction (for a Pin fraction), 
perchloric acid digestion (for Ptot [total phosphorus]), and the ring test 
(rated on a 1-5 scale) of Eidt [1973]. The trends in both the Mehlich and 
bicarbonate procedures are similar, but the Mehlich procedure produced 
more extractable P than the bicarbonate method. The Ptot digestion 
produced roughly 100 times the P of the Mehlich procedure, which was 
expected because the method dissolves all P in the parent material. The 
values from the Mehlich method could not be used to estimate Ptot. 
However, both of the P in fractions (Mehlich and bicarbonate) better 
reflected anthropogenic alterations of the soil than did the Ptot.  [Holliday 
and Gartner 2007:316] 
 

The reason for this is that total phosphorus includes all phosphorous, organic 
and inorganic, and thus can obscure anthropogenic phosphates.   
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Soil Phosphate Analysis 
 

 

Other benefits of the Mehlich II48 method are that it can be used in field 

laboratories more easily than the Olsen (bicarbonate) method, and produces higher 

results that can make very low reading usable (Terry et al. 2000). It is also relatively 

inexpensive at approximately $1/per sample, after the small initial investment for 

equipment (Eberl et al. 2012:432; Parnell et al. 2002); can be used with mildly acidic to 

mildly alkali soils (Terry et al. 2000:158); and it, like the Olsen method, uses chemicals 

that are much less harsh than procedures that utilize nitric/perchloric acids (Anderson et 

al. 2012:370; Hutson et al. 2009:263).   

The level of detail in the discussion of the methodology used for spatial analysis 

of anthropogenic phosphate concentration variation over horizontal surfaces, is 

inconsistent in the existing literature.  All of the fourteen sources that were deemed 

most applicable based on goals and methodology presented maps of the horizontal 

change of phosphate concentrations across sites, but three provided no additional 

information concerning how data were analyzed (Hutson and Terry 2006; Parnell et al. 

2002; Wells 2010). Two sources reported that they created maps including isopleth 

lines (Hutson and Terry 2006; Anderson and Terry 2012) but did not specify software 

                                                            
48 Mehlich II solution: 0.2 M CH3COOH + 0.015 M NH4F + 0.2 M NH4Cl + 0.012 M HCl (Mehlich, 
1978). 
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package employed.  Most authors (8 of 15) used Surfer to visualize their results.  Of 

these, three authors report that they used Surfer to create isoline/isopleth maps of 

phosphate concentrations (Eberl et al. 2012; Terry et al. 2004; Terry et al. 2000), two 

authors reported that data was geostatistically analyzed and plotted with Surfer (Bair 

2010; Parnell et al. 2001), Parnell et al. (2001) made three dimension maps with Surfer 

(plotting phosphate concentration on the Z-axis), and Jenson et al. (2007) simply report 

that they used Surfer.  Roos and Nolan (2012) and Meyers et al. 2008) used kriging 

methods for spatial interpolation with the former specifying use of linear variogram 

kriging and the latter including additional citations for further information (Meyers et 

al. 2008:379). Wells (2010) also uses linear variogram kriging but does not specify the 

software package used.  This is important as kriging, while it may be the most accurate 

model for interpolation of a change surface, it is not a “… push-button option.  You 

really have to do a lot of investigation to ensure all parameters are set correctly, and 

you usually need to do a few runs and examine results” (John Harner49, personal 

communication, 11/16/2015).   

 

Sample Collection 
 

Soil samples were collected in 3 in by 7 in whirl-pak™ bags, filled to the 4 oz 

fill line, with stainless steel scoops that were washed using phosphate-free soap and 

                                                            
49 Dr. Harner is professor, and former chair of the Department of Geography and Environmental Studies at the 
University of Colorado, Colorado Springs. 
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wiped clean with cotton cloth, which was also laundered using phosphate-free soap. 

This yielded samples of approximately 100 g.  Once collected and returned to the field 

laboratory, samples were opened to air dry.  After drying, a subsample averaging 20 g 

was passed through clean no. 10 (2 mm) mesh and bagged in preparation for export to 

Center for Conservation Biology under soil permit number P526P-14-02153 held by 

Dr. Michael F. Allen. 

 The number of samples collected from each of the three sites under 

investigation (San Eusebio, and Rancho Aznar, and San Antonio Xuxub) varied.  

Samples were collected from three context types. A sample was collected from between 

5 cm to 15 cm below modern ground surface in each shovel probe that was adequately 

deep to accommodate collection.  Samples were collected from each of the four corners 

of excavation lots as well as the center from the approximate vertical middle of the lot.  

Finally, samples were collected in a grid pattern around the excavated areas at San 

Eusebio and San Antonio Xuxub, and at 5 cm to 15 cm below modern ground surface.  

The lack of subsurface material in the non-trash-pit excavation units at Rancho Aznar 

collection of additional samples near excavation units unnecessary there.   

 

Laboratory Methodology 
 

 

Phosphates. Soil was analyzed for available phosphate concentration using the 

Mehlich II Method.  This method was chosen because it has been used effectively by a 

number of projects within the Maya area including another sugar mill at Hacienda Tabi 
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in Yucatán state (Eidt 1973; Hutson et al. 2009; Meyers 2005, 2012; Meyers and 

Carlson 2002; Meyers et al. 2008; Terry, et al. 2000). 

 

Phosphate Concentration.  

 

 A 3.0 g sample50 of air died soil was measured out with a 1g LaMotte brand soil 

scoop and placed into a 50 ml centrifuge tube. Thirty milliliters of a diluted Mehlich 

II51 solution was added and agitated.  The solution was agitated for not less than 30 

minutes and allowed to settle for another minimum of 30 minutes.  The top portion 

(approximately 20 ml) of the resulting solution was drawn off and passed through 

qualitative filter paper into a jar into which activated charcoal had been added.  If the 

filtrate was not clear the filtration process was repeated.  Once the filtrate was clear, 10 

ml were drawn off and placed into a small (20 ml) vessel.  The contents of a Phosver352 

pillow was added and agitated mechanically for 1 minute and then left for 5 minutes 

while color developed.  After this time had elapsed 1ml was drawn off and placed in a 

glass vial and diluted to an ending volume of 10 ml. The phosphate concentration was 

measured by placing the vial into a Hach D/R 850 colorimeter and analyzing it using 

number 79 of its pre-programmed modes.  The colorimeter converts the percent 

transmittance to mg phosphorus/L with a standard curve. The measurements were then 

                                                            
50 This is a slight deviation from normal procedures as laid out in Terry 2000. Due to early difficulties with obtaining 
10 milliliters of transparent filtrate, the amount of soil and the volume of test solution were increased by half.  This 
ensured a usable filtrate while keeping the ratio of soil to solution constant.  
51 Hach Part number 2266349 was diluted one-part solution to 5 parts deionized water 
52 Hach Company catalog number 2106069 
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converted to mg phosphorus/kg of soil by accounting for the weight of each sample 

(Meyers et al. 2008; Terry, et al. 2000).   

Soil pH.  The pH of each soil sample was found by placing 7 grams of sieved 

(through 2 mm mesh) soil into 35 ml of deionized water.  A handheld, wand-style, pH 

meter (Oakton pH Tester 30) was placed in the sample.  The meter was read after being 

left undisturbed in the sample for 2 minutes for the reading to settle and reading 

recorded.  The pH meter was calibrated prior to initial use, and on a weekly basis using 

standard calibration solution following the procedure in the user’s manual. The results 

of the pH testing are summarized in Table 6.1. 

 
Table 6.1: Summary of pH testing results 

Site No. Samples Minimum Maximum Mean Stan. Dev.  Range 

SEU 382 7.19 8.76 8.22 .21 1.57 
RAZ 212 7.18 8.6 8.17 .28 1.42 

SAX 181 8.04 9.49 8.64 .26 1.45 

 

 

Spatial Analysis of Soil Phosphate Concentration 
 

 

As there is no further information provided about the procedure used for kriging 

in the literature, it is assumed here that default values were used.  The importance of the 

values used becomes apparent quickly as when defaults were used in ArcGIS 10.1 

(Environmental Systems Research Inc., Redlands, California) to make a phosphate 
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concentration surface (in phosphate concentration per unit soil) for Rancho Aznar, the 

minimum and maximum values are 18 mg/Kg and 41 mg/Kg (range of 23 mg/Kg), 

while when defaults were in Surfer the minimum value is 6 mg/Kg and the maximum is 

65 mg/Kg (range of 59 mg/Kg).  The actual measured values are 3 mg/Kg and 77 

mg/Kg (range of 74 mg/Kg).  The surface created by Surfer narrowed the range of data 

to 79 percent of original while the ArcGIS surface narrowed the range of data to only 

31 percent of that of original data.  The results for a similar comparison for San Eusebio 

and San Antonio Xuxub are shown in Table 6.2. 

 

Table 6.2: Comparison of restriction of data range between kriging using ArcGIS 10.3 and Surfer 8 (in mg 
phosphate/Kg soil). 
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RAZ 18 41 23 6 65 59 3 77 74 31.08 79.73 

SEU 15 74 59 4 125 121 2 120 118 50.00 102.54 

SAX 27 79 52 5 86 81 1 104 103 50.49 78.64 

 

 Only those soil samples that were collected from 5 cm to 15 cm below modern 

ground surface are included in the spatial analysis, but the readings, for samples from 

deeper lots in excavation units, are included with complete listing of readings in 

Appendix E.  The sample proveniences and levels for samples from each excavated lot 

are included in Appendix E.  
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 Each sample collection location was plotted using surface ArcGIS 10.2 based 

on data collected with a Topcon GTS-210 series total station and a Garmin GPSMAP 

60 Csx global positioning system receiver.  These position data were exported as text 

files, and then converted to Microsoft Excel spreadsheets for the portion of the analysis 

that utilized the Surfer mapping program (Version 8, Golden Software, Golden, 

Colorado).   

 When the method used was discussed, kriging using a linear variogram model in 

Surfer was the method employed in the literature, I used this method as well to produce 

an interpolated surface for each site.  I also, utilizing Surfer, created surfaces with the 

Inverse Distance Weighted interpolation method for each site.  Surfer creates a 

technical report when each surface is created.  These reports appear in Appendix F. 

 The interpolation maps of both types (Kriging and Inverse Distance Weighted) 

have isolines at the mean phosphate concentration for the original data and at intervals 

of one standard deviation above and below the mean.  The means for various subsets of 

data for each site are included in Table 6.3.  These interpolation maps are based on the 

mean for all near-surface samples for each respective site (Figures 6.1 to 6.9).  
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Table 6.3: Summary of Mehlich II method phosphate results by site and provenience.  
    Mehlich II statistics in mg phosphate/Kg soil 

Site Provenience Collected Processed Min Max Mean Median 
Standard 
Deviation 

San Eusebio 
(SEU) All Op 2 278 275 2 120 45 33 23 

San Eusebio Op 2A 25 25 6 107 39 36 23 

San Eusebio Op 2B 53 49 7 120 44 45 24 

San Eusebio Op 2C 195 187 2 116 45 43 22 

San Eusebio Op 2D 14 14 24 84 55 63 21 

San Eusebio Op 5 53 53 2 58 27 28 17 

San Eusebio Op 7 21 21 15 120 44 38 25 

San Eusebio Op 8 30 30 5 66 34 33 19 

San Eusebio 
All SEU Near 

Surface 350 342 2 120 43 41 23 

San Eusebio All SEU 389 379 2 120 41 39 23 

Rancho 
Aznar 
(RAZ) Op 12A 118 115 3 64 32 34 12 

Rancho 
Aznar Op 12B 64 60 7 77 32 31 13 

Rancho 
Aznar Op 12C 10 10 14 46 30 31 10 

Rancho 
Aznar All Op 12 192 185 3 77 32 33 12 

Rancho 
Aznar 

All RAZ 
Near Surface 207 200 3 77 32 32 12 

Rancho 
Aznar Op 13 25 22 10 62 35 36 11 

Rancho 
Aznar 

Op 13, Lot 1 
(less 

13A/13B) 15 15 10 44 28 28 9 

Rancho 
Aznar Op 13, Lot 2 6 6 35 63 27 44 10 



170 
 

San Antonio 
Xuxub 
(SAX) Op 21A 41 41 23 96 46 46 15 

San Antonio 
Xuxub Op 21B 43 41 1 84 47 50 18 

San Antonio 
Xuxub Op 21C 19 19 3 93 37 35 23 

San Antonio 
Xuxub All Op 21 103 101 1 96 46 45 18 

San Antonio 
Xuxub 

Op 21A and 
Op 21B 84 82 1 96 47 47 17 

San Antonio 
Xuxub Op 23 18 17 16 92 54 53 22 

San Antonio 
Xuxub Op 25 63 61 11 104 64 66 21 

San Antonio 
Xuxub 

Op 23 and Op 
25 81 78 11 104 62 64 22 

San Antonio 
Xuxub All SAX 187 177 1 104 52 52 22 

San Antonio 
Xuxub 

All SAX less 
21C 168 158 1 104 54 54 21 
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San Eusebio 
 

Soil samples were collected from 284 of the 294 shovel probes and a minimum 

of one was collected from each excavated lot from 9, 1 m by 1 m excavation units. 

Samples collected from below Lot 1 in excavation units are not included in this 

analysis.  Samples were collected between 5 cm to 15 cm below modern ground surface 

within shovel probes in order avoid modern soil deposits. 

Shovel Probes.  Areas probed constituted all generally flat, undisturbed areas 

that had surface artifacts or standing features nearby.  Soil samples from San Eusebio 

shovel probes were designated as Operation 2 and otherwise had the same provenience 

as the shovel probe from which they were excavated.  For example, the soil sample 

from Op1A/13 shovel probe bears the provenience Op2A/13.   

Operation 2A soil samples were collected from a flat area directly north of the 

standing chimney feature.  Of the 26 shovel probes in this area three contained artifacts 

and one was too shallow to allow collection of a soil sample.  Twenty-five soil samples 

were collected from this suboperation and all are included in this analysis (Figure 6.1).   

 Operation 2B soils samples were collected from a flat area south of the 

smokestack and associated features. Of the 53 shovel proves in this area only 3 

contained artifacts and all deposits were adequate for collection of a soil sample.  Fifty-

three soil samples were collected from this suboperation and 50 are included in this 

analysis (Figure 6.2). 
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 Operation 2C soil samples were collected from a flat to gently sloping area at 

the south end of the site.  The eastern most portion of this suboperation was located 

near the storehouse/company store/distillery building. Of the 201 shovel probes in this 

area 56 contained artifacts, and 6 were too shallow to allow collection of a soil sample.  

One hundred ninety-five soil samples were collected from this area and 187 are 

included in this analysis (Figure 6.3).   

Operation 2D soil samples were collected from the area directly west of the 

storehouse/company store/distillery building.  Six of the 14 shovel probes contained 

artifacts, and all probes were sufficiently deep for collection of a soil sample.  All 

fourteen samples are included in this analysis (Figure 6.2). 

Excavation Units.  Soil samples were collected from all excavated lots from 

Operation 5 and Operation 7 but only samples from the first excavated lot are used in 

this analysis.  All of the 12 test pits at San Eusebio were assigned proveniences as 1 m 

by 1 m units and were generally excavated as pairs of units. Soil samples were 

collected from all four corners and the center and processed individually.  In practice, 

this was eight samples from the first lot in each pair of adjoining excavated units and 

five from the first lot of the remaining unit. Suboperation 5F was excavated without an 

adjoining unit. 

 Operation 5 soil samples were collected from seven53, 1 m by 1 m excavation 

units near the southern wall of the storehouse/company store/distillery building within a 

                                                            
53 An eighth unit was laid out and its surface cleared but was never excavated. 



173 
 

dense scatter of surface artifacts.  Thirty-three samples from this operation are included 

in this soil analysis. 

Operation 7 soil samples were collected from an adjoining pair of 1 m by 1 m 

excavation units located near the doorway of the storehouse/company store/distillery 

building. Eight soil samples from this operation are included in this analysis (Figure 

6.2). 

Additional Concentrated Soil Sampling. Operation 8 consists of 30 soil samples 

collected from 10 cm to 15 cm below the modern ground surface near the Operation 5 

excavation units.  These samples were collected from the area containing Operation 5 

and on the same grid.  Most of these sample were collected with 1meter spacing but 

some lines had one-half meter between them.  Operation 8, and Operation 5 samples 

(63 samples) are analyzed together (Figure 6.3). 
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Figure 6.1: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 2, Suboperation A shovel probe phosphate levels. Map by author. 
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Figure 6.2: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 2, Suboperations B and D, and Operation 7 shovel probe phosphate levels. Map by author. 
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Figure 6.3: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 2, Suboperation A; Operation 5; and Operation 8 shovel probe phosphate levels. Map by author. 

 

Rancho Aznar 
 

Soil samples were collected from 190 of the 193 shovel probes and a minimum 

of one was collected from each excavated lot of the 6, 1 m by 1 m excavation units. 

Only samples collected from Lot 1 in excavation units are included in this analysis.   

Samples were collected 5 cm to 15 cm deep within shovel probes in order avoid 

modern soil deposits.  
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Shovel Probes.  Areas probed constituted all generally flat, undisturbed areas 

that had surface artifacts or standing features nearby.  Soil samples from Rancho Aznar 

shovel probes were designated as Operation 12 and otherwise had the same 

provenience as the shovel probe from which they were excavated.  For example, the 

soil sample from Op11A/13 shovel probe bears the provenience Op12A/13.   

 Operation 12A samples were collected from a large open area at the north end 

of the site that included the reputed location of the former sugar processing house.  One 

hundred nineteen shovel probes were excavated in this area.  Five of these contained 

artifacts, and all but one were deep enough to allow collection of a soil sample.  One 

hundred eighteen soil samples were collected for this suboperation, and 116 are used in 

this analysis (Figure 6.4).  

 Operation 12B samples were collected from the area around a small well 

located at the southwest corner of the site. Sixty-four shovel probes were excavated in 

this area.  Two of these contained artifacts and all were deep enough to allow collection 

of a soil sample.  Sixty-four soil samples were collected for this suboperation, and 61 

are used in this analysis (Figure 6.5).  

Operation 12C samples were collected from two lines of shovel probes 

excavated to investigate the area around a storage feature that was probably either a 

water tank or a fermentation tank.  This area contained of 10 shovel probes laid out in 

two lines and all were deep enough for a soil sample to be collected. Ten samples from 

this suboperation were collected from this suboperation, and all are used in this analysis 

(Figure 6.6). 



178 
 

Excavation Units. Samples from two pairs of 1 m by 1 m excavation units, in 

the possible former location of the sugar processing house, (Operation 13C-F)54 are 

included in this analysis.  Samples collected from the first excavated lot are included in 

this analysis.  Fifteen samples from this operation are included in this analysis (Figure 

6.4). 

 
Figure 6.4: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 12, Suboperation A shovel probe and Operation 13 Suboperations C-F excavation unit phosphate 
levels. Map by author 

 

 

                                                            
54 Samples collected from Operation 13A-B are not included as these units are located in a fissure, and thus not 
comparable to the near-surface deposits elsewhere on site. 
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Figure 6.5: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 12, Suboperation B shovel probe phosphate levels. Map by author. 
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Figure 6.6: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 12, Suboperation C shovel probe phosphate levels. Map by author. 

 

 

San Antonio Xuxub 
 

Soil samples each were collected from 103 of the 105 shovel probes and a 

minimum of one was collected from each excavated lot of the 4, 1 m by 1 m excavation 

units. Only samples collected from Lot 1 in excavation units are included in this 

analysis.  Samples were collected 5 cm to 15 cm deep within shovel probes in order 

avoid modern soil deposits.  
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Shovel Probes.  Areas probed constituted most generally flat, undisturbed areas 

that had surface artifacts or standing features nearby.  Soil samples from San Antonio 

Xuxub shovel probes were designated as Operation 21 and otherwise had the same 

provenience as the shovel probe from which they were excavated.  For example, the 

soil sample from Op20A/13 shovel probe bears the provenience Op21A/13.   

Operation 21A soil samples were collected from shovel probes in the area 

directly west of the sugar processing structure and other associated standing features.  

Forty-one shovel probes were excavated in this area.  Three of these contained artifacts 

and all were deep enough to allow collection of a soil sample.  Forty-one soil samples 

were collected for this suboperation, and all are used in this analysis.  

Operation 21B samples were collected from shovel probes in the area 

surrounding around the second well (Well 2) identified at the site.  Forty-three shovel 

probes were excavated in this area.  Twelve of these contained artifacts, and all were 

deep enough to allow collection of a soil sample.  Forty-three soil samples were 

collected for this suboperation, and forty-one are used in this analysis.  

Operation 21C samples were collected near a low retaining wall located near the 

current entrance point from the Laguna Yalahau.  Nineteen shovel probes were 

excavated in this area.  Two of these contained artifacts and all were deep enough to 

allow collection of a soil sample.  Nineteen soil samples were collected for this 

suboperation, and all are used in this analysis. 
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Excavation Units. Samples from four, 1 m by 1 m, units (Operation 23A-D) in 

the probable location of the rum still are included in this analysis.  Samples collected 

from the first excavated lot are included in this analysis.  Twenty samples from this 

operation are included in this analysis. 

Additional Concentrated Soil Sampling.  Operation 25 consists of 66 soil 

samples collected from 5 cm to 15 cm below the modern ground surface near the 

Operation 23 excavation units.  These samples were collected from the area containing 

Operation 25 and on the same grid.  Most of these samples were collected with one-

meter spacing but some lines had one-half meter between them.  Operation 23 and 

Operation 25 samples are analyzed together. Fifty-nine samples from Operation 25 are 

included in this analysis 
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Figure 6.7: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 21 Suboperation A shovel probe, and Operations 23 and 25 excavation unit phosphate levels. Map by 
author. 
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Figure 6.8: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 21, Suboperation B shovel probe phosphate levels. Map by author. 
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Figure 6.9: Comparison of kriging and inverse distance weighted based interpolation surfaces created from 
Operation 2,1 Suboperation C shovel probe phosphate levels. Map by author. 

 

 

Phosphate Levels as Predictor of Buried Material Culture 

 

 The most commonly studied signs of use of an area by humans are the artifacts 

and ecofacts left behind.  One way to understand the predictive value of interpolated 

phosphate values, calculated values between actual sampled locations, is whether or not 

known phosphate values correlate differently between shovel probes that do any do not 

contain cultural remains. If human activity was changing the phosphate levels within 
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the soil the expectation would be that shovel probes that contained cultural material 

would phosphate levels far above or far below the mean. 

 In order to make this comparison, I constructed a table for each site (Tables 6.4, 

6.6, and 6.8).  The rows were based on one-half standard deviation increments on both 

sides of the mean phosphate level for the site.  The “no” column was the percentage 

values of all shovel probes without material culture with phosphate levels within each 

one-half standard deviation increment of the total shovel probes without material 

culture.  The “yes” column was similarly populated with the percentage of the total 

number of shovel probes with material culture with phosphate levels within a one-half 

standard deviation increment.   

For each site, using the “Data Analysis” add-on for Microsoft Excel, I 

completed a paired t-test that compared the “with” and “without” percentages for each 

one-half standard deviation increment above and below the mean.  The complete results 

are included in tables below (Tables 6.5, 6.7, and 6.9), but the differences were not only 

not statistically significant, but infinitesimal.  The results for San Eusebio are: 

t = 8.51 x 10^-16; df = 11; p<.05; t-critical 2.20 

The results for Rancho Aznar are: 

t = 1.68 x 10^-16; df = 11; p<.05; t-critical = 2.20 

 The results for San Antonio Xuxub are: 

t = 1.62 x 10^-16; df = 11; p<.05; t-critical = 2.26 
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Table 6.4: Comparison of percentage of San Eusebio shovel probes with and 
without material cultural with phosphate levels within each .5 standard deviation 
increment from the mean.  

San Eusebio         

Standard Deviations Without Without % With With % 

Below -1.51 to -1.51 9 4.19 2 3.17 

-1.5 to -1.01 23 10.70 5 7.94 

-1 to -.5 36 16.74 9 14.29 

-.49 to 0 44 20.47 11 17.46 

.01 to .5 42 19.53 11 17.46 

.51 to 1 29 13.49 10 15.87 

1.01 to 1.5 11 5.12 8 12.70 

1.51 to 2 12 5.58 2 3.17 

2.01 to 2.5 6 2.79 2 3.17 

2.51 to 3 1 0.47 0 0.00 

over 3 2 0.93 0 0.00 

Data not available 0 0.00 3 4.76 

          

-1 to 1 151 70.23 41 65.08 

Below -1/Above 1 64 29.77 22 34.92 
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Table 6.5: Results of t-Test: Paired Two Sample for Means 
comparing shovel probes with and without cultural material at 
San Eusebio. 

 

 

 

 

 

 

 

 

 

  Without % With % 

Mean 8.333333 8.33333333 

Variance 57.05131 46.3249273 

Observations 12 12 

Pearson Correlation 0.898534   

Hypothesized Mean 
Difference 0   

df 11   

t Stat 8.51E-16   

P(T<=t) one-tail 0.5   

t Critical one-tail 1.795885   

P(T<=t) two-tail 1   

t Critical two-tail 2.200985   
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Table 6.6: Comparison of percentage of Rancho Aznar shovel probes with and without 
material cultural with phosphate levels within each .5 standard deviation increment from 
the mean.  

Rancho Aznar         

Standard Deviations Without Without % With With % 

Below -2.01 to -2.01 6 3.37 0 0.00 

-2 to -1.51 11 6.18 0 0.00 

-1.50 to -1.01 13 7.30 0 0.00 

-.1 to -.5 22 12.36 3 42.86 

-.49 to 0 35 19.66 1 14.29 

.01 to .5 38 21.35 1 14.29 

.51 to 1 31 17.42 1 14.29 

1.01 to 1.5 10 5.62 0 0.00 

1.51 to 2 8 4.49 1 14.29 

2.01 to 2.5 1 0.56 0 0.00 

2.51 to 3 2 1.12 0 0.00 

3.51 to 4 1 0.56 0 0.00 

          

-1 to 1 124 69.66 6 85.71 

below -1/above 1 54 30.34 1 14.29 
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Table 6.7: Results of t-Test: Paired Two Sample for Means 
comparing shovel probes with and without cultural 
material at Rancho Aznar. 

  Without % With % 

Mean 8.33333333 8.33333333 

Variance 56.5145203 165.429808 

Observations 12 12 

Pearson 
Correlation 0.55964307   

Hypothesized 
Mean Difference 0   

df 11   

t Stat 1.683E-16   

P(T<=t) one-tail 0.5   

t Critical one-tail 1.79588482   

P(T<=t) two-tail 1   

t Critical two-tail 2.20098516   
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Table 6.8: Comparison of percentage of San Antonio Xuxub shovel probes with and without 
material cultural with phosphate levels within each .5 standard deviation increment from 
the mean. 

San Antonio Xuxub         

Standard Deviations Without Without % With With % 

Below -2.01 to 2.01 2 2.33 2 12.50 

-2 to -1.51 4 4.65 0 0.00 

-1.50 to -1.01 9 10.47 0 0.00 

-1 to -.5 24 27.91 1 6.25 

-.49 to 0 22 25.58 6 37.50 

0.01 to .5 17 19.77 3 18.75 

.51 to 1 4 4.65 2 12.50 

1.01 to 1.5 2 2.33 1 6.25 

1.51 to 2 2 2.33 0 0.00 

Data not available 0 0.00 1 6.25 

          

-1 to 1 66 76.74 12 75.00 

below -1/above 1 20 23.26 4 25.00 
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Table 6.9: Results of t-Test: Paired Two Sample for 
Means comparing shovel probes with and without 
cultural material at San Antonio Xuxub. 

  Without % With % 

Mean 10 10 

Variance 110.3299 131.9444 

Observations 10 10 

Pearson 
Correlation 0.558165   

Hypothesized 
Mean Difference 0   

df 9   

t Stat 1.62E-16   

P(T<=t) one-tail 0.5   

t Critical one-tail 1.833113   

P(T<=t) two-tail 1   

t Critical two-tail 2.262157   

 

Thus, at least in areas with low density of subsurface cultural materials, 

phosphate levels that are far from the mean do not positively correlate with likelihood 

of finding buried cultural remains.  Areas with greater density of material culture may 

produce different results.  The areas investigated were chosen based on factors that may 

have indicated inhabitation, agricultural fields that were used long-term would be 

expected to have lower than average phosphate values and few artifacts, but such fields 

were not sought out for sampling.   
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Comparison of Kriging and Inverse Distance Weighted Interpolation Methods 
 

 

 Kriging is one of the, if not the most, accurate method for interpolating data 

between known values. This interpolation method uses information from both an 

individual data, and its covariance with other data points, in order to produce a surface 

of interpolated values (Isaaks and Srivastava 1989). Kriging is also one of the least 

user-friendly methods as the user either completes complex equations in order to set 

variables, or as is the case when Surfer is used to perform kriging, fewer variables may 

be user defined.   

 Inverse Distance Weighted is another commonly used method is which a point 

on the surface is defined by the surrounding known values, with the influence of these 

values diminishing the further away from the point under calculation they are (Isaaks 

and Srivastava 1989).  The user-definable variable in Surfer is the power.  A low value 

for this variable, like the default value of 2, means that the influence of known points 

diminishes quickly with distance.  Larger numbers used for the power variable means 

that more known points will have influence over interpolated points.  Small numbers 

can cause choppiness or disjointedness, and larger numbers can cause localized 

variation to be swamped by values from surrounding points.   

 Figures 6.1 to 6.9 present side by side comparisons between surfaces created 

with kriging, and with inverse distance weighting.  In both cases default values were 
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used.  For kriging this includes the pre-defined linear variogram, and for inverse 

distance weighted, the default value for the power variable is two.   

 Taken as a whole, the results from these two interpolation methods are very 

similar.  The maps presented use map grids created by surfer using isolines based on.5 

standard deviation increments in the original measures sample data.  The inverse 

distance weighted maps do look choppier, but this would be smoothed somewhat by 

using a higher power variable.  Kriging depicts large areas as containing variation that 

inverse distance weighting does not depict at all.  Raising the power variable would 

make inverse distance weighting less likely to depict this sort of variation not more 

likely. 

 Each map contains ellipses showing what areas are at or more than 1.5 standard 

deviation above or below the mean for that respective site. Visually it is clear that both 

methods show most of the areas predicting outlier values.  Inverse distance weighting at 

this power tend to break up areas that kriging joins together.  In some cases, inverse 

distance weighting is just showing the location of the known point which is of limited 

utility.   

 The results are very similar between these two methods with respect to the 

surfaces that they create.  The only way to test the veracity of the modelled surfaces 

would be future research. 
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Conclusions 
 

 

 The results of this analysis do not point to its great utility at sites like these 

three, and probably others that were inhabited or worked for a few generations or less.  

Some areas like those around the Operation 5 excavation units at San Eusebio did have 

phosphate level variation that coincided with presence of surface artifacts, but the 

excavation units that were placed in those areas were based on the that surface scatter.   

 The labor documents from San Eusebio (discussed in Chapter 5) do show that 

the El Cuyo Company did provide housing for some or all of its workforce.  As all open 

areas near the ruins of San Eusebio that had any period artifacts visible were shovel 

probed, it appears that either habitation did not significantly change the phosphate 

levels of the soil or that housing was located away from the sugar works.  It also 

appears that the handling of sugar cane did not amend the soil phosphate levels.  The 

milling feature is located just northwest of the smokestack.  Operation 2B soil samples 

were collected from an area just south of the ruins of the sugar house feature, and 

Operation 2A soil samples were collected from an area that abuts the sugar works and 

only 35 m from the milling feature. It was thought that one or both of these areas were 

almost certainly staging areas for sugar cane awaiting milling and crushed stalks that 

had just been milled. The analysis did not bear this out, however. 

 The current owners of Rancho Aznar have cleaned the area of most surface 

historic artifacts, thus it is impossible to know what areas may have had high surface 
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density at some time in the past.  If there were dense artifact scatters, it did not translate 

into high artifact density within shovel probes nor did the presence of material culture 

within shovel probe correlate with phosphate levels.  Members of the family that own 

the Rancho Aznar told Dr. Jennifer Mathews and me that there are no other water 

sources nearby, other than the two wells and the old noria.  Rancho Aznar is not within 

easy walking distance of any other known historic settlement.  The closest, the small 

sugar-related site near the site of Monte Bravo, is hours away on foot especially if the 

paths were not kept well brushed.   

 The fissure that the owners of Rancho Aznar have been filling with trash 

(partially excavated as Op 13 A/B), contains a myriad of domestic debris.  This leaves 

the question “where did the people?” live unanswered 

 Yalahau/Proyecto Costa Escondido members have walked all areas around San 

Antonio Xuxub that are routinely dry.  Areas that had artifacts or features were shovel 

probed or excavated with test pits.  Again, the areas around water sources have been 

investigated to no avail. Again areas near the sugar processing feature do not show 

significantly reduced or elevated phosphate.  The mean for the area thought to be 

former location Robert L. Stephens’s home, due to presence of clay tile, did show 

somewhat elevated phosphate levels, but the mean for Operations 23 and 25 is still less 

than .5 standard deviations from the mean for the rest of the site.  Where did the people 

live, other than maybe the site manager Robert L. Stephens? 

 One possible factor that could be clouding results is the application of fertilizers 

containing phosphate to the soil.  All three sites had an area which had to either be cut 



197 
 

(Operation 12B at Rancho Aznar, and Operation 21A at San Antonio Xuxub), or had 

standing trees but the ground cover had been cleared (Operation 2B at San Eusebio).  

Only at San Antonio Xuxub was the difference between the mean for that area and the 

site mean greater than 1 mg phosphate/Kg soil.  It is unknown when the last time these 

areas were under cultivation but, based on tree size, it has been years.  It thus appears 

not to be clouding by very recent application of fertilizer. 

Perhaps the data from this soil analysis could be used to plan future excavations, 

but without subsurface artifact evidence to complement the soil data, it would still be 

difficult to use the results.  It would be very helpful for the soil data to predict 

subsurface remains, and that may be possible but it does not appear to be the case with 

phosphate levels. 
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CHAPTER 7 : ARTIFACT ANALYSIS 
 

Analysis of the material culture collected from San Antonio Xuxub, Rancho 

Aznar, and San Eusebio was completed using the same database framework and 

methodology as used by the San Pedro Maya Project during investigations at the 

similarly-aged site of San Pedro Siris in the Cayo District of Belize (Church 2001; 

Dornan 2004; Yaeger, et al. 2002).  Occasionally, additional information was collected 

during analysis of the material from the sites in Quintana Roo.   This chapter contains 

two parts.  The first of these is description of the database framework and analysis 

methodology.  The second is the results of the analysis at San Antonio Xuxub, Rancho 

Aznar, and San Eusebio.  

 

 

Description of the Database and Analysis Methodology 
 

 

 The database framework was developed by the co-primary investigator for the 

San Pedro Maya Project (SPMP), Dr. Minette Church, during the summers of 2000 to 

2004.  The database was created in Microsoft Access and contains ten large tables 

based on artifact material.  These are glass, ceramics, (American/English) ceramics, 

lithics (local), imported lithics, fauna, metal, (tobacco) pipes, and a final catch-all, 

other, for all material culture that did not fit anywhere else (see Appendix G for an 

example).   This organization of artifacts fit the Quintana Roo assemblages well, and 
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without the “other” table receiving an inordinate amount of use.  The imported lithics 

material type from SPMP included imported sharpening stones and gun flints. The table 

for this material type was never used in the current analysis as none of these artifacts 

were recovered.  The attributes analyzed for each material type are included in 

Appendix G.  Obviously, not all attributes apply to all material of a particular material 

type. 

 Pull-down menus are included in these tables for the most commonly used 

attributes for each material, except “other”.  The pull-down menus both facilitate faster 

data entry, and help to standardize the analysis, but can be overridden when material 

does not fit existing parameters. 

 The database also contains columns for “Category” and “Class”.  Classes are 

subdivisions of categories.  In some cases, Category and Class describe use like a 

dinner plate is Category-subsistence, Class-consumption.  Items like nails are grouped 

with items of similar use, like metal wire, even though their particular application may 

be unknown.  The benefit of this system is that the categories and classes cut across 

material types. For instance, a tin can and a stoneware crock are both Category-

subsistence, Class-storage.  Similarly, a bottle that once held liquor and a smoking pipe 

are both Category-Recreation but the former is Class-alcohol, and the latter is Class-

tobacco. The categories and classes used are included in Appendix G. 

The terminus post quem and terminus ante quem dates assigned materials are 

for their dates of first or last probable manufacture. It may be the case that materials 

exported to from the United States and Europe, especially for sale to the lower classes, 
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were only sold in Mexico (and Belize) after they fell out of fashion in their country of 

manufacture.  This is not taken into account in the analysis but is an interpretative 

question.  The quality of glass, and glass-making, steadily improved throughout the late 

nineteenth and early twentieth centuries.  Generally speaking, glassmaking improved 

ca. 1930 such that it had many fewer bubbles (Church 2001). Thus, this is used as the 

terminus ante quem date for “bubbly” glass when no other date is available.  That said, 

some very cheaply made glass today, usually intended for a single use, can also have 

defects that make it appear older than it actually is.  An example is a glass Nescafe 

instant coffee container from Rancho Aznar (not collected) that is cloudy in some parts, 

and has a few bubbles. There also are some technological advancements from that 

period, like the crown bottle cap invented in 1892 and in common use by 1895 (Lorrain 

1968:42; Newman 1970:75), which we still use today.   

Another factor in the dating of glass is the color.  It is generally understood that 

dark-colored glass found on sites was intended to be darkly colored as contents were 

often light reactive.  This includes green, olive green (that grades into black), and 

amber colored glass.  For lighter colors, like aqua, lime green, and glass that grades 

pink to purple, these colors are the result of metals that were added to make the glass 

colorless interacting with soil, air and other natural elements over time.  For aqua and 

lime green, technological advances in glass-making also help to justify an end date of 

the first quarter to third of the twentieth century (Church 2001).  Glass that appears 

pink to purplish, called amethyst in this analysis, was created by adding manganese 

dioxide as a decolorant and stabilizer.  The glass “purples” or solarizes in sunlight.  The 
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oft-cited explanation is that after the United States entrance into World War I, access to 

German stocks of the compound was cut off (Rogge 1995) but Lockhart (2006) found 

that only about two percent of manganese used in the United States was of German 

origin.  It seems its use diminished because better alternatives were found by 1910.  

Either way, an end date of 1915 to 1918 seems most reasonable. Clear (colorless) glass 

was available for general application ca. 1875 (Fike 1987:13). 

Faunal remains found at San Antonio Xuxub, Rancho Aznar, and San Eusebio 

consist of two kind of shell, cockle and small conch; highly fragmented bone from 

small to medium sized animals; and a few teeth from small to medium sized animals.  

Both species that lived in the shell found are available along the north coast of Quintana 

Roo.  Given the distance from the coast, the shell at San Eusebio and Rancho Aznar 

must have been brought in by humans.  As San Antonio Xuxub abuts the Laguna 

Yalahau, it is possible that some or all of the shell was deposited naturally, such as 

during hurricanes.  The fragmented nature of the bone, and small number of teeth 

found, makes further identification unfeasible.  Faunal remains were sorted by type of 

material (shell, bone, and teeth) and weighed, but no further analysis was completed or 

is planned. 

All of the locally produced ceramics were fragmentary. Other than a few small 

rim portions, a bar shaped fragment, and non-spherical clay ball all were otherwise 

unidentifiable body sherds.  The ceramics were divided by fabric color, weighed, and 

amount of erosion estimated (none, low, moderate, high). Fragments that show no 

erosion, or are only lightly eroded, are classified as dating to circa the time of historic 
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occupation to the present, and the moderately and highly eroded sherds are thought to 

be ancient.  Given the small portion of the assemblage they constitute, and the lack of 

diagnostic features they exhibit, these ceramics appear in artifacts totals but do not 

otherwise contribute to the interpretation of the artifact data.  This would not change if 

the splitting of the assemblage into site occupation period versus ancient was found to 

be erroneous and all were either site occupation period or ancient.  No other analysis is 

planned for these artifacts at this time. 

 

 

Material Culture Collected from San Eusebio 
 

 

This section includes a breakdown, by provenience, of the artifacts and faunal 

material collected from San Eusebio.  It concludes with a discussion of the meaning of 

the patterning of artifacts. 

 

Results of San Eusebio Artifact Analysis 
 

The following is a discussion of the material collected from San Eusebio, first 

by raw weights for all artifact types (and fauna), by glass color, and by provenience 

(Tables 7.1 and 7.2). This is followed by a discussion of material culture by each 

collection strategy.Table 7.1: Artifact weights, in grams, by material type, for San Eusebio 

contexts. 
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SEU 1 (All) 549 31 1302 7 26    2864 4779 

SEU 1A 72 0 0        72 

SEU 1B 15 0 173        188 

SEU 1C 451 24 1035 7 23    28 1568 

SEU 1D 11 7 94  3    2836 2951 

SEU 3 (All) 1500   219            1719 

SEU 3B1 22          22 

SEU 3A1 20  20        40 

SEU 3D1 11          11 

SEU 3F1 640  131        771 

SEU 3H1 838   68            906 

SEU 4 10248 328 349 26      430 1211 12592 

SEU 5 (All) 3769 103 559 1214 40      80 5765 
SEU 5A 
(All) 922 16 117 132 11 

 
    1198 

SEU 5A0 244 4 2  4      254 

SEU 5A1 292 11 83 60 7      453 

SEU 5A2 386 1 32 72       491 
SEU 5B 
(All) 1558 40 154 74 2 

 
    80 1908 

SEU 5B0 1163 9 24 1       1197 

SEU 5B1 355 28 71 37 2    80 573 

SEU 5B2 40 3 59 28       130 

SEU 5B3       8          8 
SEU 5C 
(All) 75 2 42 739  

 
    858 

SEU 5C0 69 2         71 

SEU 5C1 6  42 739       787 
SEU 5D 
(All) 93 7 136 72 10 

 
      318 

SEU 5D0 27 2         29 

SEU 5D1 66 5 136 72 10        289 

SEU 5E0 1     1          2 
SEU 5F 
(All) 52   9 53 3 

 
      117 

SEU 5F0 48   22       70 

SEU 5F1 3  9 1 3      16 

SEU 5F2 1     30          31 
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SEU 5G 
(All) 734 17 37 122   

 
1     911 

SEU 5G0 601 3 4 44       652 

SEU 5G1 118 13 33 77   1    242 

SEU 5G2 15 1  1       17 
SEU 5H 
(All) 334 21 64 21 14 

 
6     460 

SEU 5H0 281 11 3 2 14      311 

SEU 5H1 53 10 61 18   6    148 

SEU 5H2     1       1 

SEU 6A1 23     6 43    1 77 150 

SEU 7 (All)                  0 
SEU 7A 
(All) 540 7 647 17 12 

 
  29 1252 

SEU 7A1 167 7 135 3 4    29 345 

SEU 7A2 373  512 14 8      907 
SEU 7B 
(All) 390 1 219 94 470 

 
      1174 

SEU 7B0     8       8 

SEU 7B1 298 1 156 82 465    1 1003 

SEU 7B2 92  62 3     12 169 

SEU 7B3     1 1 5        7 
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Table 7.2: Glass collected from San Eusebio contexts by color,  in grams. 
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SEU SPs 61 255 79 50  104         

SEU 1A 5 9     58         

SEU 1B 15                 

SEU 1C 41 237 79 48  46         

SEU 1D  9  2            

SEU 3 441 881 37 141               

SEU 3B1 22                 

SEU 3A1                  

SEU 3D1 11                 

SEU 3F1  462 37 141            

SEU 3H1 419 419                   

SEU 4 1054 5126 1008 2090   775     64 102 29 

SEU 5 187 2131 423 580   414           

SEU 5A 101 657 11 129  24         

SEU 5A0 62 131 9 42            

SEU 5A1 30 213 2 23  24         

SEU 5A2 9 313  64            

SEU 5B 19 1081 133 260   65           

SEU 5B0 14 936 59 154            

SEU 5B1  145 74 71  65         

SEU 5B2 5    35            

SEU 5B3                       

SEU 5C 9 36 6 1   23           

SEU 5C0 9 33 4    23         

SEU 5C1  3 2 1            

SEU 5D 12 25 39 6   11           

SEU 5D0  5 5 6  11         

SEU 5D1 12 20 34                 

SEU 5E0 1                     

SEU 5F 8 33 3 8               

SEU 5F0 8 33 2 5            

SEU 5F1     3            

SEU 5F2     1                 

SEU 5G 37 197 11 156   199           

SEU 5G0  194 111 97  199         
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SEU 5G1 35    50            

SEU 5G2 2 3   9               

SEU 5H   102 120 20   92           

SEU 5H0  76 113    92         

SEU 5H1   26 7 20               

SEU 5H2                  

SEU 6A       23               

SEU 6A1       23               

SEU 7                       

SEU 7A 114 10 40 73  302  1      

SEU 7A1 102 10 19 35     1      

SEU 7A2 12   21 38   302           

SEU 7B 85 89 7 196   12   1       

SEU 7B0                       

SEU 7B1 83 34 2 166   12   1       

SEU 7B2 2 55 5 30               

SEU 7B3                       
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Shovel Testing. Material collected was recovered at San Eusebio from shovel 

probes (Operation 1, Suboperations A-D), opportunistic surface collection (Operation 

3), systematic surface collection (Operation 4), and 1 m by 1 m excavation units 

(Operations 5-7).  A total of 27,430 g of material culture was collected from San 

Eusebio. 

Shovel testing at San Eusebio was conducted in four areas (Figure 7.1).  A total 

of 4,779 g of artifacts were collected from these shovel probes.  This represents 17.4 

percent of the artifact assemblage, though it is worth noting that 2,836 g (10.3 percent 

of total site assemblage) of this is a single, complete brick.  The proportion of artifacts 

by artifact type, and glass by color, are shown below in Figures 7.2 and 7.3. 
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Figure 7.1: Map of shovel probe locations at San Eusebio. Map by author. 
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Figure 7.2: Distribution of artifacts, by percentage, by material type, 
collected from Operation 1 shovel probes. 

 
 

 
Figure 7.3: Distribution of glass, by percentage, by color, collected from 
Operation 1 shovel probes. 

 

Operation 1, Suboperation A, shovel probes were excavated in an area directly 

north of the smokestack and sugar works.  These shovel probes contained 72 g of 

artifacts (.26 percent of total site assemblage).  All artifacts collected from these shovel 

probes are glass. The distribution, by color, is shown in Figure 7.4. 
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Figure 7.4: Distribution of glass, by percentage, by color, collected from 
Operation 1, Suboperation A shovel probes. 

 

 

Operation 1, Suboperation B, shovel probes were excavated in an area directly 

south of the ruined sugar works.  These shovel probes contained 188 g of artifacts (.7 

percent of total site assemblage).  The proportion of artifacts by artifact type are shown 

below in Figure 7.5.  All glass collected is colorless. 

 

 
Figure 7.5: Distribution of artifacts, by percentage, collected from Operation 
1, Suboperation B shovel probes. 
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Operation 1, Suboperation C, shovel probes were excavated in an area south and 

southeast of the ruined sugar works and near the distillery/warehouse/company store 

building.  These shovel probes contained 1568 g of artifacts (5.7 percent of total site 

assemblage).  The proportion of artifacts by artifact type are shown below in Figure 7.6.  

The distribution of glass by color is shown in Figure 7.7. 

 

 
Figure 7.6: Distribution of artifacts, by percentage, collected from Operation 
1, Suboperation B shovel probes. 

 

 
Figure 7.7: Distribution of glass, by percentage, by color, collected from 
Operation 1, Suboperation C shovel probes. 
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Operation 1, Suboperation D, shovel probes were excavated in an area west of 

the distillery/warehouse/company store building.  These shovel probes contained 2,951 

g of artifacts (10.71 percent of total site assemblage).  The brick mentioned above was 

found in one of these shovel probes.  The proportion of artifacts by artifact type are 

shown below in Figure 7.8.  The distribution of glass by color is shown in Figure 7.9. 

 

 
Figure 7.8: Distribution of artifacts, by percentage, collected from Operation 
1, Suboperation D shovel probes. 
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Figure 7.9: Distribution of glass, by percentage, by color, collected from 
Operation 1, Suboperation D shovel probes. 

 

Opportunistic Surface Collection.  Operation 3 consists of material collected 

from the surface opportunistically. This material totals 1719 g and represents 6.3 

percent of the total site assemblage.  The proportion of artifacts by artifact type are 

shown below in Figure 7.10.  The distribution of glass by color is shown in Figure 7.11. 

 

 
Figure 7.10: Distribution of artifacts, by percentage, by material type, 
collected from Operation 3, opportunistic surface collections. 
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Figure 7.11: Distribution of glass, by percentage, by color, collected from 
Operation 3, opportunistic surface collections. 

 

Systematic Surface Collection.  Systematic surface collections, designated as 

Operation 4 were completed within 25, 5 m by 5 m (designated as Suboperations A-Y) 

areas that were further subdivided into 100, 2.5 m by 2.5 m lots (numbers 1-4 in each 

Suboperation).  These lot sizes are consistent with those used at San Pedro Siris 

(Yaeger et al. 2002).  Artifacts and faunal remains totaling 12,592 g were collected, 

representing 45.90 percent of the total site assemblage.  All surface artifacts and faunal 

material were collected with the exception of non-diagnostic portions of large bottles.  

Only base and finishes were collected for these bottles.  Even with this limitation, the 

assemblage for this operation is 81.4 percent glass. Figure 7.12 shows the artifact 

density (for all artifact types).  The proportion of artifacts by artifact type is shown in 

Figure 7.13.  The distribution of glass by color is shown in Figure 7.14.  The proportion 

of amethyst and opaque glass, while still small portions of the assemblage, are 

exaggerated somewhat by the incomplete collection of large bottle glass.  
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Figure 7.12: Map of Operation 4 artifact densities for all material types. Map by author. 

 



216 
 

 
Figure 7.13: Distribution of artifacts, by percentage, by material type, 
collected from Operation 4, systematic surface collections. 

 

 
Figure 7.14: Distribution of glass, by percentage, by color, collected from 
Operation 4, systematic surface collections. 

 

Excavations.  Operation 5 consists of a total of 8, 1 m by 1 m excavation units 

located close to the southern wall of the storehouse/company store/distillery structure 

(Figure 7.15).  Material culture from these units total 5,765 g representing 21.01 

percent of the total site assemblage.  The surface, once cleared of vegetation, was 

designated Lot 0 in all excavation units.  One item to note is that Operation 4 surface 

collection was completed prior to the placement of these excavations thus diagnostic 
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glass from the surface of these excavation units was collected as part of Operation 4.  

All other artifacts, and fauna, encountered both surface and subsurface from these units 

were collected. Figure 7.16 shows the distribution of artifacts by material type collected 

from Operation 5 excavation units and Figure 7.17 shows the distribution of glass by 

color. 

 
 

 
Figure 7.15: Elevation view (west-facing) of front of storehouse/company store/distillery structure. Drawing by 
author. 
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Figure 7.16: Distribution of artifacts, by percentage, by material type, 
collected from Operation 5 excavations. 

 
 

 
Figure 7.17: Distribution of glass, by percentage, by color, collected from 
Operation 5 excavations. 

 
 

Suboperations A and B consisted of two, 1 m by 1 m, adjoining excavation 
units.  Like all Operation 5 suboperations, these units are located within the Operation 4 
surface collection grid (Figure 7.18). Figures 7.19 and 7.20 show the material culture 
by material type collected from Suboperations A and B. 
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Figure 7.18: Map showing Operation 5 excavation unit locations. 

 

Artifacts totaling 245 g were collected from Suboperation A including glass, 

modern ceramics, local ceramics and ferrous metal.  Artifacts totaling 1,203 g were 

collected from Suboperation B including glass, modern ceramics, and metal.   

Lot 1 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR 2.5/2), hard when dry, clay loam with few rock inclusions except where 

noted in plan and profile drawings (Appendix D).  Artifacts totaling 393 g including 

glass, locally produced ceramics, metal, and imported ceramics were collected. The 60 

g of faunal material collected consisted of bone and cockle shell. Artifacts totaling 536 

g including glass, locally produced ceramics, imported ceramics, metal, concrete-like 
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building material, and coal were collected from this level.    The 37 g of faunal remains 

consisted of bone and cockle shell fragments. 

Lot 2 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR 2.5/2 moist), hard when dry, clay loam in both units.  Artifacts totaling 

419 g including glass, ceramics and metal, and 75 g of faunal remains consisting of 

bone, teeth, and cockle shell fragments were collected from Suboperation A.   

A diffuse limestone cobble layer was encountered at 15 cm below modern 

ground surface in the northeast corner of Suboperation A.  Most artifacts/ecofacts were 

not identified until they were caught in the screen.  No discernible pattern of 

distribution artifact/ecofact was found in either Suboperation A or B.  This was the last 

lot excavated in Suboperation A. Artifacts totaling 102 g including glass, ceramics, and 

metal, and 28 g of faunal remains consisting of bone and cockle shell fragments, were 

collected from Suboperation B.  

 Lot 3 in Suboperation B was approximately 10 m thick.  The soil is reddish 

(10YR 3/2 moist) clay, with few inclusions. Two small bone fragments (8g) and no 

artifacts were encountered in this lot.  As nothing additional of note was encountered in 

this lot, no further excavation took place in this excavation unit. 
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Figure 7.19: Distribution of artifacts in Operation 5, Suboperation A, by 
material type, by lot, in grams. 

 

 
Figure 7.20: Distribution of artifacts in Operation 5, Suboperation B, by 
material type, by lot, in grams. 

 

Suboperations C and D consisted of two, 1 m by 1 m adjoining excavation units.  

Like all Operation 5 suboperations, these units are located within the Operation 4 

surface collection grid. Figures 7.21 and 7.22 show the material culture by material 

type collected from Suboperations C and D. 
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 Artifacts totaling 77 g consisting of glass and imported ceramics were collected 

from Suboperation C.   Artifacts totaling 29 g consisting of glass and ceramics were 

collected from Suboperation D.   

Lot 1 in these suboperations was approximately 20 cm thick.  The soil in this lot 

is dark (7.5YR 2.5/2), hard when dry, clay loam with few rock inclusions except where 

noted in plan and profile drawings, transitioning to soil is reddish (10YR 3/2) clay, with 

few inclusions (Appendix D).  Artifacts totaling 58 g including glass and metal, and 

739 g of faunal remains consisting of small bone fragments and cockle shells, were 

collected from Suboperation C.  Artifacts totaling 217 g including glass ceramics, 

imported ceramics, and local ceramics, and 72 g of faunal remains including bone and 

tooth fragments, and cockle shell, were collected from Suboperation D.   

Despite the presence of the relatively high quantities of shell, especially in 

Suboperation C, this shell does not seem to represent a prepared surface.  The shell is 

too diffuse and lacks the underlying limestone that was present in Suboperations A and 

B.  The best explanations for the presence of shell in these quantities are either nearby 

consumption and broadcast disposal of shells, or displacement of shells covering a 

nearby prepared surface. 
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Figure 7.21: Distribution of artifacts in Operation 5, Suboperation C, by 
material type, by lot, in grams. 

 

 
Figure 7.22: Distribution of artifacts in Operation 5, Suboperation D, by 
material type, by lot, in grams. 

 

Suboperations E and F consisted of two, 1 m by 1 m, adjoining units.  Like all 

Operation 5 suboperations, these units are located within the Operation 4 surface 

collection grid. Figure 7.23 shows the distribution by material type of material culture 

collected from Suboperation F. 
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The material recovered from the surface of Suboperation E consists of 1 g of glass, and 

1 g of shell.  Artifacts totaling 48 g of glass, and faunal material totaling 22 g consisting 

of a fragment of conch shell were collected from Suboperation F.   

Lot 1 in Suboperation F was approximately 7 cm thick.  The soil in this lot is 

dark (7.5YR 2.5/2), hard when dry, clay loam, with common rock inclusions.  Material 

culture totaling 15 g of artifacts including glass, metal and ceramics, and 1 g of shell 

were collected from Suboperation F.   

This lot was suspended when a cobble layer was reached in all areas except the 

southwest corner.   I believe that this cobble layer was either used to level the area for 

home construction, or to construct pathways or other open area ground features.  

Excavation continued in the southwest corner in search of the cobble layer. 

Lot 2 of Suboperation F was approximately 15 cm thick and was located in the 

southwest quarter of the Suboperation F excavation unit.  The soil at the top of the lot 

was consistent with that of Lot 1, reddish (10YR 3/2) clay with few inclusions at the 

bottom.  The cobble layer was not found definitively within the lot but some possible 

evidence does show up within the west wall profile.  Material culture recovered from 

this lot consists 1 g of glass, and 30 g of cockle shell.  This excavation unit was not 

continued beyond this lot. 
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Figure 7.23: Distribution of artifacts in Operation 5, Suboperation F, by 
material type, by lot, in grams. 

 

 Suboperations G and H consisted of two, 1 m by 1 m adjoining excavation 

units.  Like all Operation 5 suboperations, these units are located within the Operation 4 

surface collection grid. Figures 7.24 and 7.25 show the distribution of material culture 

by material type. 

   Artifacts totaling 208 g including glass, imported ceramics, and metal, and 

faunal remains totaling 44 g including bone, cockle shell, and conch shell, were 

collected from Suboperation G.    Artifacts totaling 309 g including glass, imported 

ceramics, metal, and local ceramics; and one small bone (2 g) were collected from 

Suboperation H.   

Lot 1 in these suboperations was approximately 15 cm thick.  The soil in this lot 

is dark (7.5YR 2.5/2), hard when dry, clay loam, with few rock inclusions.  Artifacts 

totaling 132 g including glass and imported ceramics; and 77g of faunal remains 

including bone, a tooth, and mixed shell were collected from Suboperation G.  Artifacts 

totaling 135 g including glass, imported ceramics, metal and local ceramics; and 6 g of 
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faunal remains including bone and cockle shell fragments, were collected from 

Suboperation H. This lot was excavated in search of the cobble layer found elsewhere 

within Operation 5. The cobble layer was not found within this lot, nor was anything of 

note other than the cultural materials discussed above.   

Lot 2 in these suboperations was approximately 10 cm thick.  The soil in this lot 

is dark (7.5YR 2.5/2 moist), hard when dry, clay loam at the top of the lot, and reddish 

(10YR 3/2) clay with few inclusions at the bottom (Appendix D).  Artifacts totaling 16 

g including glass and imported ceramics; and 1 g of cockle shell fragments were 

collected from Suboperation G.  One gram of cockle shell fragments was collected 

from Suboperation H.   

 

 
Figure 7.24: Distribution of artifacts in Operation 5, Suboperation G, by 
material type, by lot, in grams. 
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Figure 7.25: Distribution of artifacts in Operation 5, Suboperation H, by 
material type, by lot, in grams. 

 

Two, 1 m by 1 m excavations units were laid out to be excavated on a small rise 

at the southwest portion of the site.  These units were designated Operation 6, 

Suboperations A and B.  This area was of interest due to the presence of at least three 

steps of a concrete stairway leading to a level area at the top of the rise.  This area was 

thought to be a small plaza as it was slightly higher than the surrounding area and has 

better airflow (see Figure 7.26). The material culture from this operation totals 150 g 

(.55 percent of the total site assemblage). 

Surface soil was a dry and loose version of the soil below in Lot 1. The soil in 

Suboperation A, Lot 1 is a tan clay loam. Excavation of this lot was started using a 

gravel shovel to scrape soil away soil in approximately on centimeter increments.  At 2 

cm to 3 cm below modern ground surface the soil became harder and more compact 

and looked like it may have been a living surface.  To test this idea, the northern half of 

the unit was slowly excavated with a trowel but nothing definitive was found to 

indicate that this was a living surface, though a few artifacts were recovered.   
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As excavation was nearing completion I queried the local workmen as 

surrounding debris or “chich” piles seemed odd.  The workmen indicated that the 

landowner had leveled the area for a modern home with a bulldozer and in doing so 

also destroyed the ruins of a small structure with stone walls half the height of normal 

house walls.  As this information made it clear that the excavated area was once 

enclosed space and fell into a gray area with respect to the permission to excavate, the 

unit was closed immediately  

Artifacts collected from this lot totaled 76 g glass, obsidian, and local ceramics.  

The shallow surface encountered in Suboperation A may have been an activity surface 

in or near a small house that was the residence of the site manager.    This area also 

seems to have a pre-Hispanic component nearer to the surface than found elsewhere on 

the site.  No work was completed in Suboperation B beyond initial clearing of 

vegetation. 

Operation 7 consisted of two adjoining excavation units (Suboperations A and 

B) located in the “sweep zone” outside of the company store/storehouse building.  

These units were opened in hopes of clarifying the past use of the building (Figures 

7.26, Figure 7.15). The material culture from this operation total 2426 g, 8.84 percent 

of total site assemblage.  The distribution of material culture, by artifact type is shown 

in Figures 7.27 and 7.28. 
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Figure 7.26: Plan view drawing of the San Eusebio “manager’s” house. Drawing by author. 

 

  The surface soils were a dusty version of the highly organic loam found below 

in Lot 1. The only cultural material collected from the surface are 8 g of cockle shell 

from Suboperation B.   

Lot 1 in these suboperations was about 15 cm thick.  Below a very dark 2 cm 

thick humic layer, the soil is a dark (7.5YR 2/2 dry) clay loam, with very common 1 cm 

and smaller pebbles, far fewer slightly larger stones, and a number of cobbles located in 

and just below the humic layer.  This lot yielded a total of 313 g of artifacts including 

glass, imported ceramics, metal, and local ceramics; and 3 g cockle shell in 

Suboperation A.  A total of 920 g of artifacts including glass, imported ceramics, metal, 
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and local ceramics; and 82 g of bone was collected from Suboperation B. This lot may 

contain the remains of an activity area outside of the building doorway.   

Lot 2 in these suboperations was about 15 cm thick. The soil in Lot 2 was the 

same dark (7.5YR 2/2 dry) clay loam as in Lot 1, with fewer pebbles.  The matrix was 

unremarkable.  A total of 893 g of artifacts including glass, imported ceramics, and 

metal; and 14 g of faunal material consisting of bone and shell was collected from 

Suboperation A.  This was the last lot excavated in Suboperation A.  A total of 154 g of 

artifacts consisting of glass and metal; and 3 g of faunal material consisting of bone and 

shell was collected from Suboperation A.  

Lot 3 in this suboperation was about 10 cm thick.  The soil in Lot 1 was the 

same dark (7.5YR 2/2 dry) clay loam as in Lots 1 and 2, with still fewer pebbles.  

Artifacts totaling 6 g including metal and local ceramics and 1 g of bone was collected 

from Suboperation B. As the cultural material came from the first few centimeters of 

this lot, this was the last lot excavated in this unit. 

 

 
Figure 7.27: Distribution of artifacts in Operation 7, Suboperation A, by 
material type, by lot, in grams. 



231 
 

 
Figure 7.28: Distribution of artifacts in Operation 7, Suboperation B, by 
material type, by lot, in grams. 

 

Discussion and Interpretations 
 

 Shovel Probes. Shovel testing at San Eusebio showed clearly that subsurface 

material culture is only located in areas of the greatest concentration of surficial cultural 

material.  This implies that all activity areas contiguous with the sugar works have been 

identified.  The lone partial exception to this is the area directly outside of the company 

store/warehouse/distillery building.  This area was close to the scatter investigated with 

Operation 4 surface collection but Operation 7 excavation units themselves had few 

surficial artifacts.  The subsurface remains in these units were probably driven into the 

ground by trampling.   

 Surface collection.  While a few interesting artifacts were collected 

opportunistically, the area directly south-southwest of the company 

store/warehouse/distillery building was the area with the densest concentration of 

surface material.  Based on the weathering (“patination”) of the bottle glass, the scatter 

does seem to date to the period of operation of San Eusebio but its placement is 
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enigmatic.  The area between the possible managers’ house and the company 

store/warehouse/distillery building does seem to be the most likely place to house 

workers if oversight was desired.  It does not seem reasonable though that the amount 

of glass present would have been left in place as it represents a danger to people, 

including any children living at the site.  A similar case is also made for the metal in the 

area.   

 One interesting find from the Operation 4 scatter is a piece of copper pipe 

(Operation 4, Suboperation H, Lot 4) that had burst under high pressure and was cut 

out.  This lends credence to the interpretation that the building housed the still, which 

would have operated under high pressure.  

Excavations. It seems likely that the shell concentration in Operation 5, 

Suboperation C, Lot 1 represents a prepared surface indicating some kind of activity 

near the company store/warehouse/distillery building.  This is the only possible 

indication of worker habitation (non-managerial) found thus far at the site. 

Operation 6 excavations, though curtailed early, were in the most probable 

location for a manager’s house.  The informants indicated that the structure had half 

walls.  This type of construction, low masonry with a vegetal superstructure and 

placement on top of the low hill would be the best location and setup for keeping a 

house as cool as possible.  It would also allow constant oversight of nearby activities.   

Finds from Operation 7 excavations are consistent with any of the three 

interpretations of the company store/warehouse/distillery building.  The artifacts 
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indicate the presence of various kinds of tools, in addition to more domestic goods.  It 

is unfortunate that the cellar could never be fully investigated due to flooding during 

fieldwork. 

Site as a whole.  When dates that are so wide as to be un-useful are eliminated, 

the historic artifact assemblage from the site dates from around 1860-1875 to 1930.  

This is roughly consistent with the known history of the site.  Table 7.3 presents the 

artifact assemblage when artifacts are arranged by use instead of by material type.  This 

points to a large amount of the remaining artifacts being of domestic use, primarily 

subsistence.  As this is a rum production site, the presence of glass bottles primarily 

thought to be for alcohol (large amber, green, olive, and black glass bottles) is hard to 

interpret.  Were the contents consumed on site or were the bottles stock that was set to 

be filled with rum for sale? The best explanation is probably a mix of these two 

possibilities as aguardiente was often sold by haciendas to workers (Meyers 2005:115), 

and the imported ceramics on site were unlikely to all have come from the manager’s 

residence.   

Two caveats in this category and class classification is that the large aqua-

colored glass bottles are thought to have either contained mineral water or Florida 

water, a lightly-scented (comparatively) perfume.  In this classification all of these 

bottles were assumed to be Florida water (Category: Personal; Class: Adornment) 

instead of as mineral water (Category: Subsistence, Class: Consumption).  It is likely 

that there was a mix of these two products available but an aqua colored bottle from 

San Antonio Xuxub is embossed indicating it held Florida water.  The other caveat is 
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that much of the indeterminate category is from large, colorless, glass bottles.  These 

bottles held liquids that were consumed or applied to the skin.  The contents could have 

been alcoholic (Category: Recreation; Class: Alcohol), non-alcoholic (Category: 

Subsistence, Class: Consumption), or used similarly to Florida water (Category: 

Personal; Class: Adornment). 
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Table 7.3: San Eusebio artifacts by category and class 

Category Weight (g) 
% of 
Cat. Class Weight (g) % of Class 

animal 
husbandry 68 0.25       
      horse tack 68 0.25 
building 
material 4271 15.57      
     brick 4059 14.80 
     flooring 106 0.39 
     roofing 28 0.10 
     stucco 78 0.28 
local 
ceramics 591 2.15       
     ancient ceramics 90 0.33 
      historic ceramics 501 1.83 
domestic 57 0.21      
     furniture 57 0.21 
fauna 1372 5.00       
      fauna 1372 5.00 
firearms 18 0.07      
     ammunition 18 0.07 
fuel 2 0.01       
      coal 2 0.01 
hardware 2072 7.55      
     hardware 217 0.79 
     indeterminate 297 1.08 
     machine part 261 0.95 
     railroad 72 0.26 
     supplies 759 2.77 
     Tools 466 1.70 
indeterminate 2227 8.12       
     indeterminate 2212 8.06 
      medicine/cosmetics 15 0.05 
lithic 1 <0.01       
      chipped stone 1 <0.01 
personal 8998 32.80      
     adornment 8349 30.44 
     clothing 25 0.09 
     indeterminate 60 0.22 
     medicine/cosmetics 564 2.06 
recreation 6019 21.94       
     alcohol 6012 21.92 
      tobacco 7 0.03 
subsistence 1734 6.32      
     consumption 449 1.64 
     indeterminate 9 0.03 
     preparation 482 1.76 
     procurement 18 0.07 
     storage 776 2.83 
Grand Total 27430 100.00 Grand Total 27430 100.00 
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Material Culture Collected from Rancho Aznar 
 

 

This section includes a breakdown by provenience of the artifacts and faunal 

material collected from Rancho Aznar.  It concludes with a discussion of the meaning 

of the patterning of artifacts.  The total weight of all material culture collected from 

Rancho Aznar is 38,254 g. 

 

Results of Rancho Aznar Artifact Analysis 
 

Material collected was recovered at Rancho Aznar from shovel probes 

(Operation 11, Suboperations A-C), 1 m by 1 m excavation units (Operation 13), and 

surface collection (Operation 14).  The raw weights for all artifact types (and fauna), as 

well as glass by color, by provenience, are located in Tables 7.4 and 7.5). 
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Table 7.4: Artifact weights, in grams, by material type, for Rancho Aznar contexts. 
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RAZ 11 4 6     193       203 

RAZ 11A 4 6     81       91 

RAZ 11B         112       112 

RAZ 13AB 33527 151 3174 8 67   16   36943 

RAZ 13A 29244 139 2713 2 54   16   32168 

RAZ 13A0 19855 98 2024 2         21979 

RAZ 13A1 9389 41 689   54   16   10189 

RAZ 13B 4289 12 461 6 13       4781 

RAZ 13B0 1229 2 151           1382 

RAZ 13B1 2360  305 6        2671 

RAZ 13B2 694 10 5   13       722 

RAZ 13C1 6       69       75 

RAZ 14A 686 31   8 308       1033 
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Table 7.5: Glass collected from Rancho Aznar contexts by color,  in grams. 
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RAZ 11                 

RAZ 11A                       

RAZ 11B                       

RAZ 11C            

RAZ 13AB 22770 6646 1663 1075   202   2   53 116 

RAZ 13A 20150 5288 2437 1019   186   2   52 110 

RAZ 13A0 12909 4000 1999 764  152  2  29  

RAZ 13A1 7241 1288 438 255   34       23 110 

RAZ 13B 2620 1358 226 56  16     1 6 

RAZ 13B0 273 942     8       6 

RAZ 13B1 1884 307 107 56  6        

RAZ 13B2 463 109 119     2       1   

RAZ 13C1   6                   

RAZ 14A 2 226   228   215         15 

 

Shovel Probes.  At Rancho Aznar, three areas were investigated using shovel 

probes.  These areas investigated constituted all flat, undisturbed areas that had surface 

artifacts and were adequately away from standing features55.  All shovel probes were 

designated as Operation 11 and each area probed was a suboperation designated by a 

letter A through C.  A total of 203 g of artifacts were collected from these shovel 

probes.  This represents .53 percent of the artifact assemblage.  The proportion of 

artifacts by artifact type are shown below in Figure 7.29. Figure 7.30 is a map showing 

the placement of shovel probes. 

                                                            
55 Excavation permit requirements did not allow shovel probes near standing features. 
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Figure 7.29: Distribution of artifacts, by percentage, by material type, 
collected from Operation 11, shovel probes. 

 

 

 
Figure 7.30: Map showing placement of Operation 11 shovel probes. Map by author. 
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Operation 11, Suboperation A shovel probes were excavated in a large open 

field in the northern portion of the site.  These shovel probes contained 91 g of artifacts 

(.24 percent of total site assemblage) including glass, imported ceramics, and local 

ceramics.  The distribution of artifacts by material type is shown in Figure 7.31. 

 

 
Figure 7.31: Distribution of artifacts, by percentage, by material type, 
collected from Operation 11, Suboperation A shovel probes. 

 

Operation 1, Suboperation B, shovel probes were excavated in an open forest 

area in the southwest portion of the site, around a small well.  These shovel probes 

contained 122 g of artifacts, all local ceramics (.29 percent of total site assemblage). 

Operation 1, Suboperation C, shovel probes were excavated around a storage 

feature near the western edge of the site.  These shovel probes did not contain any 

cultural material. 

 

Excavation Units.  Operation 13 consisted of a total of 6 excavation units 

located in the vicinity of the possible former location of the Rancho Aznar sugar 



241 
 

processing house.  The results of the excavations show that cultural remains recovered 

from Suboperations 13A and 13B were not contemporaneously deposited with remains 

from Suboperations C-F, and thus are discussed separately.  The surface, once cleared 

of vegetation, was designated Lot 0 in all excavation units.   

 Operation 13, Suboperations A and B were adjoining 1m by 1m excavation 

units and located within a possible midden feature with a small, dry, sinkhole near the 

possible former site of the sugar processing house and within the Operation 11, 

Suboperation A, shovel probe grid. Suboperation A was a 1 m by 1 m excavation unit 

placed within the sinkhole, and Suboperation B was an adjoining .5 m by 1 m unit.  

During excavation it became clear, due to the presence of modern trash below 

nineteenth century artifacts, that there was no midden, but instead the feature was a 

recent secondary trash pit created during the cleaning of the surrounding milpa.  

Despite this, these units were excavated in discrete lots in order to retain some vertical 

control during fieldwork.  The weights from each material type, by lot, is included in 

Table 7.4, but the remains from each unit will be treated as a single deposit.   

 Suboperation A contained 32,168 g (84.09 percent of total site assemblage) of 

material culture including glass, imported ceramics, metal, local ceramics, and bone.  

The distribution by material type is shown in Figure 7.32 and the distribution of glass 

by color is shown in Figure 7.33.  Suboperation B contained 4,781 g (12.50 percent of 

total site assemblage) of material culture including glass, imported ceramics, metal, 

local ceramics, and bone. The distribution by material type is shown in Figure 7.34 and 

the distribution of glass by color is shown in Figure 7.35.   
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Figure 7.32: Distribution of artifacts, by percentage, by material type, 
collected from Operation 13, Suboperation A excavation unit. 

 
 

 
Figure 7.33: Distribution of glass, by percentage, by color, collected from 
Operation 13, Suboperation A excavation unit. 
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Figure 7.34: Distribution of artifacts, by percentage, by material type, 
collected from Operation 13, Suboperation B excavation unit. 
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Figure 7.35: Distribution of glass, by percentage, by color, collected from 
Operation 13, Suboperation B excavation unit. 

 

Operation 13, Suboperations C and D, were located near a roughly square (4 m 

by 4 m) low and discontinuous grouping of rock lines in the area that relatives of the 

property owners said had been the location of the sugar processing building (see Figure 

4.12).  Figure 7.36 is a modern gravel pit on the way to Rancho Aznar.  They indicated 

that the building was damaged during a hurricane and its stone sold off for use in road 

construction.  
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Figure 7.36: Modern gravel pit near Monte Bravo and near road to Rancho Aznar. 

 

The surface soils are organic rich, and were ashy from recent burning.  The 

surface contained no stones larger than 4 cm in diameter and was free of cultural 

material. 

The soil in Lot 1 of both of these excavation units is brown (7.5YR 3/1) clay 

loam, with common round pebbles and few cobbles.  This lot was approximately 20 cm 

deep in most areas, and was first excavated to a depth of approximately 15 cm, and then 

continued until bedrock was encountered in most areas of the units.  The only cultural 

material recovered from these lots is conch shell and a single piece of aqua glass found 

within the first 5 cm to 10 cm of the lot. 
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Suboperations E and F were placed along the northern edge of the same 

approximately square grouping of rock alignments as Suboperations C and D were 

opened to investigate (see Figure 7.36).  No artifacts or ecofacts were recovered from 

either of these two suboperations.  The surface had the same ashy, highly organic soil 

as the surface Suboperations C and D. The soils in Lots 1 and 2 in both suboperations is 

also the same brown (7.5YR 3/1) clay loam with common round pebble and few 

cobbles as found in Lot 1 of Suboperations 13C/13D.  Both Lots 1 and 2 were 

approximately 20 cm in maximum depth, but bedrock was reached in many areas of Lot 

2 starting at about 30 cm below the modern ground surface. 

Surface Collection.  Operation 14, Suboperation A, contains the cultural 

material collected from the surface within Operation 11, Suboperation A, shovel probe 

grid.   The position of each artifact, or small grouping of artifacts, was plotted using a 

total station.  A total of 1,025 g of artifacts including glass, imported ceramics, and 

local ceramics were collected, as was 8 g of locally available cockle shell.  The 

distribution by material type is shown in Figure 7.37 and the distribution of glass by 

color is shown in Figure 7.38.   
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Figure 7.37: Distribution of artifacts, by percentage, by material type, 
collected from Operation 14 surface collection. 

 
 

 
Figure 7.38: Distribution of glass, by percentage, by color, collected from 
Operation 14 surface collection. 

 

 

Discussion and Interpretations 
  

Shovel Probes.  The areas investigated with shovel probes were all proximate to 

historic features and/or contained surface artifacts.  As at San Eusebio, most shovel 

probes did not contain cultural material and, in aggregate, what was found made up 

only a small part of the total site assemblage.   The shovel probes near the well 
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(Operation 11, Suboperation B) contained only six pieces of locally produced ceramics.  

The construction of the well is consistent with the well at San Antonio Xuxub, and thus 

probably dates to approximately the same time period.  The area surrounding the well 

does not contain significant domestic debris, on the surface or below the surface, 

implying that this area was used either solely as a water source or in concert with some 

activity that would leave little to no trace.  The proximity of the liquid storage feature 

(Figure 7.30) makes this a good candidate for an area where cut cane could have been 

stacked, and as a site for the cane mill itself. This area is not seen as a good candidate 

for the location of worker housing as was first hypothesized.   The lack of artifacts in 

and around shovel probes near the liquid storage feature (Operation 11, Suboperation 

C) imply that similar activities were taking place in this area. 

The shovel probes at the north end of the site (Operation 11, Suboperation A) 

contained only sparse artifacts, even though this area was proximate to the greatest 

concentration of artifacts on site, the fissure that was investigated with excavation units 

Operation 13, Suboperations A and B, and also where the owners indicated the former 

sugar processing building had been located.   

 Surface Collection.  As the artifacts in the fissure (investigated as Operation 13, 

Suboperation A and B) are mixed with modern debris, this feature is considered to be a 

recent transposition of surface artifacts from the nearby area. While it is unfortunate 

that these artifacts are no longer in situ, as a whole this feature, along with the material 

found on the surface (Operation 14), still provide important data.  The artifacts in this 

feature are approximately 90 percent glass, and of this colorless glass predominates.  
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The likely contents of colorless glass bottles are least clear or consistent of any of the 

glass colors used for large bottles.  That the most common glass is the last color 

introduced may indicate that this color was most common at the time the site was 

founded.  This would be ca. 1880 or later given lag times to sell current inventory in 

older glass, and travel time from the United States.   

 The presence of American/English ceramics in the surface, and transposed 

surface, contexts implies that food consumption, if not preparation, was occurring 

nearby.  If so, then housing, constructed of perishable material, was also likely nearby.  

Given lack of other indication of where the workers may have lived, this area is seen as 

most probable, but is by no means confirmed incontrovertibly.  

 Excavations.  The four excavation units placed to investigate the purported site 

of the sugar processing building (Operation 13, Suboperations C-F) provided almost no 

information.  The rock alignments (Figure 7.36) and information from the owners made 

this the most likely site for the building, but if that was the case, almost nothing of it 

remains.  If this was the location, or even if it was not, but the building had been 

located nearby, these excavations and lack of evidence of the building in the 

surrounding area attest to just how completely even a stone building can be erased from 

the landscape. The surface, once cleared of vegetation, was designated Lot 0 in all 

excavation units. See Appendix D for Rancho Aznar soil profiles. 

 Site as a whole.  The artifacts from this site imply that the site was founded 

somewhat later than San Eusebio and San Antonio Xuxub, around 1880 or later. If the 
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workforce, or a significant portion of it, were living on site, the open area at the north 

end of the site was the most probable location for housing.   

 The analysis by Category and Class analysis of the site indicate a similar pattern 

to San Eusebio.  While San Eusebio was much larger, and likely better capitalized, the 

hardware available to Rancho Aznar is similar.  

The caveats concerning aqua bottle glass (Florida water or mineral water) and, 

more importantly, colorless bottle glass still apply at Rancho Aznar as at San Eusebio.  

Colorless glass, primarily from bottles, makes up 58.52 percent of the assemblage, but 

the contents of these bottles is unknown.  Given this, it is impossible to compare the 

relative alcohol consumption between Rancho Aznar and San Eusebio/San Antonio 

Xuxub.  What is remarkable is that even though over 96 percent of artifacts came from 

excavated contexts, making identification easier than for artifacts than may blend in on 

the surface of the ground, local ceramics make up less than 1 percent of the total site 

assemblage.   
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Table 7.6: Rancho Aznar artifacts by category and class 

Category Weight (g) Category % Class Weight (g) Class %  
local 
ceramics 568 1.48       

      ancient ceramics 59 0.15 

      historic ceramic 509 1.33 

fauna 85 0.22       

      fauna 85 0.22 

hardware 1173 3.07       

      hardware 29 0.08 

      supplies 723 1.89 

      tools 421 1.10 

indeterminate 22345 58.41       

      indeterminate 22345 58.41 

lithic 16 0.04       

      chipped stone 16 0.04 

personal 7992 20.89       

      adornment 6948 18.16 

      clothing 2 0.01 

      medicine/cosmetics 1042 2.72 

recreation 4032 10.54       

      alcohol 4032 10.54 

subsistence 2043 5.34       

      consumption 194 0.51 

      preparation 1281 3.35 

      storage 568 1.48 

Grand Total 38254 100.00 Grand Total 38254 100.00 
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Material Culture Collected from San Antonio Xuxub 
 

 

This section includes a breakdown by provenience of the artifacts and faunal 

material collected from San Antonio Xuxub.  It concludes with a discussion of the 

meaning of the patterning of artifacts.  The material culture collected is shown by 

weight in Table 7.7 and totaled 27,783 g. 

 

Results of San Antonio Xuxub Artifact Analysis 
 

 

Material collected was recovered at San Antonio Xuxub from shovel probes 

(Operation 20, Suboperations A-C), surface collection from 2014 (Operation 22), 

surface collection from 2011 (Operation 26), and 1 m by 1 m excavation units 

(Operation 23).  The raw weights for all artifact types (and fauna), as well as glass by 

color, by provenience are located in Tables 7.7 and 7.8) 
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Table 7.7: Artifact weights, in grams, by material type, for San Antonio Xuxub contexts. 
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SAX 20 0 36 315 13 126     531 1021 

SAX 20A         18     312 330 

SAX 20B     315 13 101     54 483 

SAX 20C   36     7     165 208 

SAX 22A 6228               6228 

SAX 23 978     17       2805 3800 

SAX 23A1               1117 1117 

SAX 23B1 85             812 897 

SAX 23C1 636             636 1272 

SAX 23D1 257     17       240 514 

SAX 26A 11112 1191 4599   750     1229 18881 

SAX 26A1 320 304 58         447 1129 

SAX 26A2 2967 508 1713  303    252 5743 

SAX 26A3 2197 64    111      2372 

SAX 26A4 76 129           205 

SAX 26A5 644            644 

SAX 26A6 483 91    33      607 

SAX 26A7 1697 75 1904         3676 

SAX 26A8   20 924       530 1474 

SAX 26A9 511       303       814 
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Table 7.8: Glass collected from San Antonio Xuxub contexts by color, by weight,  in grams. 
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SAX 20                        

SAX 20A                    

SAX 20B                    

SAX 20C                        

SAX 22A 1358 1281 2324 896   369            

SAX 23                        

SAX 23A1                        

SAX 23B1   85                    

SAX 23C1                    

SAX 23D1                    

SAX 26A 499 3420 1787 2712          114 107 256 

SAX 26A1 184 136                 

SAX 26A2   1128   1611            228 

SAX 26A3   22 1238 878         59     

SAX 26A4      48            28 

SAX 26A5   644                 

SAX 26A6 201    175          107   

SAX 26A7 114 1490 38          55     

SAX 26A8                    

SAX 26A9     511                  
 

 

Shovel Probes.  At San Antonio Xuxub, three areas were investigated using 

shovel probes.  These areas investigated constituted all flat, normally dry areas that had 

surface artifacts and were close to standing features.  All shovel probes were designated 

as Operation 20 and each area probed was a suboperation designated by a letter A 

through C.  A total of 531 g of artifacts, and 13 g of fauna, were collected from these 

shovel probes.  This represents 1.96 percent of the artifact assemblage.  The proportion 
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of artifacts by artifact type are shown below in Figure 7.39. Figure 7.40 is a map 

showing the placement of shovel probes and nearby features. 

 

 
Figure 7.39: Distribution of artifacts, by percentage, by material type, 
collected from Operation 20 shovel probes. 
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Figure 7.40: Map showing placement of Operation 20 shovel probes. Map by author. 

 
 

Operation 20, Suboperation A, shovel probes were located directly west of the site core, 

which consisted of the remains of the sugar processing building, the storage tank, a 

well, the mill, and several other minor features.    These shovel probes contained 330 g 

of artifacts (1.19 percent of total site assemblage) including glass and miscellaneous 

artifacts.  The distribution of artifacts by material type is shown in Figure 7.41.  Shovel 

Probe 4 contained terra cotta ceramic floor tiles consistent with Paul Sullivan’s (2004) 

description of Robert L. Stephens’ home. 
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Figure 7.41: Distribution of artifacts, by percentage, by material type, 
collected from Operation 20, Suboperation A shovel probes. 

 

 

Operation 20, Suboperation B, shovel probes were located around a small well 

(Well 2, Figure 7.40).    These shovel probes contained 483 g of cultural material 

including glass, metal, local ceramics, miscellaneous artifacts, and faunal material (1.77 

percent of total site assemblage).  The distribution of artifacts by material type is shown 

in Figure 7.42.   

 

 
Figure 7.42: Distribution of artifacts, by percentage, by material type, 
collected from Operation 20, Suboperation B shovel probes. 
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Operation 20, Suboperation C, shovel probes were located near a small wall at 

the southwest portion of the site near Laguna Yalahau. These shovel probes contained 

208 g of cultural material including imported ceramics, local ceramics, and 

miscellaneous artifacts (.75 percent of total site assemblage).  The distribution of 

artifacts by material type is shown in Figure 7.43. 

 

 
Figure 7.43: Distribution of artifacts, by percentage, by material type, 
collected from Operation 20, Suboperation B shovel probes. 

 

Surface Collection. Operation 22 is comprised of the glass collected from 

modern ground surface in 2014. Figure 7.44 is a map of collection locations from this 

operation. Figure 7.45 shows the distribution of glass by color.   
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Figure 7.44: Map of Operation 22 surface collection locations. Map by author. 

 

 
Figure 7.45: Distribution of glass, by percentage, by color, collected from 
Operation 22 surface collection. 
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Surface collection activities that occurred in 2011 were assigned to Operation 

26 during lab analysis.  Figure 7.46 is a map of the locations from which artifacts were 

collected.  A total of 18,881 g of artifacts including glass, imported ceramics, metal, 

local ceramics, and miscellaneous artifacts were collected (67.96 percent of total site 

assemblage).  Figure 7.47 shows the distribution by material type.  Figure 7.48 shows 

the distribution of glass by color. 

 

 

 
Figure 7.46: Map of Operation 26 surface collection locations. Map by author. 
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Figure 7.47: Distribution of artifacts, by percentage, by material type, collected 
from Operation 26 surface collection. 

 

 
Figure 7.48: Distribution of glass, by percentage, by color, collected from 
Operation 26 surface collection. 

 

Excavations. The excavations at San Antonio Xuxub were designated as 

Operation 23, and consists of 4, 1m by 1m excavation units (Suboperations A through 

D) opened in search of additional clay flooring tiles like those found in the Operation 

20A, Lot 4, shovel test.  Paul Sullivan (2004:6) reported that they were told by local 
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informants that Robert L. Stephens’ home had a clay tile floor (Figures 7.49 and 7.50).  

Figure 7.51 shows the distribution of cultural material in these units by material type 

and provenience. See Appendix D for soil profiles. 

 

 
Figure 7.49: Map showing locations of Operation 23 excavation units (surface). 
Map by author. 
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Figure 7.50: Map showing locations of Operation 23 excavation units, bottom of Level 1. Map by author. 
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Figure 7.51: Distribution of artifacts, by material type, collected from 
Operation 23 excavations, in grams. 

  

Suboperation A and B were two adjoining, 1 m by 1 m, units.  Lot zero in these 

units consisted of the modern ground surface and contained no artifacts.  These 

excavation units contained two subsurface lots.  The soil in both these lots was a dark 

(Gley2.5/N dry), clay loam.  Lot 1 in Suboperation A contained clay floor tiles 

fragments and an aqua colored bottle neck. Lot 1 in Suboperation B included clay floor 

tiles encountered at approximately .05 m below modern ground surface.  Other than 

increasing stones and fragmented bedrock, Lot 2 in these suboperations were 

unremarkable (see Figures 7.49 and 7.50). 

Suboperation C is located .5 m north of Suboperation A.  This excavation unit 

had the same dark (Gley2.5/N dry), clay loam as in Suboperations A and B.  The one 

subsurface lot contained floor tiles encountered at 5 cm below modern ground surface. 

Excavation was stopped after this lot as no artifacts were found under the floor tiles in 

other units in this suboperation.  
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Suboperation D is located .5 m south of Suboperation B. The one subsurface lot 

contained the same dark (Gley 2.5/N dry), clay loam as in Suboperations A, B, and C 

on the west side, and contained an ashy (10YR 4/1 dry) version of the same soil in the 

east half of the unit. The southeast corner also contained limestone that was 

disintegrated due to heat exposure.  While this rock was somewhat diffuse it did have a 

generally triangular outline with three lobes consistent with a three-stone cooking 

hearth.  The floor tile found in this lot was smaller and more diffuse and the only other 

cultural material is a single small bone.    

 

Discussion and Interpretations 
 

As at San Eusebio and Rancho Aznar only a small number of shovel probes 

contained any cultural material.  All, normally dry, areas proximate to standing 

features56 and that had surface artifacts were investigated with shovel probes.  

Shovel testing. The shovel probe grid near the sugar processing building 

(Operation 20, Suboperation A) contained very few artifacts, but ceramic tiles similar 

to those reported by Paul Sullivan (personal communication 2009) were found within 

probe number 4 from this area.  This information was used to place Operation 23 

excavation units. The shovel probe grid surrounding a small well (Well 2, Figure 7.40), 

Operation 20, Suboperation B, had a more varied artifacts assemblage than the other 

areas probed but did not show indication that this was the site of worker housing. 

                                                            
56 Except the area inside the cluster of feature near the sugar processing building. 
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Operation 20, Suboperation C, shovel probes were excavated near a small wall that was 

thought to be the other likely location of worker housing.  Again, the few artifacts 

recovered did not indicate that this was the case. Unlike Suboperation B, a few probes 

did contain building material, but it was unclear for what it has been used.  

Surface Collection. Perhaps due to less foot traffic, the artifacts from the surface 

assemblage at San Antonio Xuxub are generally much more complete, especially the 

glass bottles. Most glass and imported ceramics were collected from the surface 

(Operations 22 and 26).  Given that almost all of the bottle glass found at San Antonio 

Xuxub comes from large, round base, bottles, the finishes are the most diagnostic.  A 

total of 32 bottle finishes were collected that could be identified (Fike 1987:8-9).  Of 

these 32, 17 are crown finishes (Fike’s designation 2.19).  This finish, which still 

appears on modern pry-off bottles, was first produced in 1892 (Lorrain 1968:42; 

Newman 1970:75). Two more finishes are similar to finishes that provide more 

restrictive date ranges based on manufacture, and they date to post-1895 (Fike 1987:8-

9).  This means that of the 17-19 finishes that can be dated, all of them date to 1892 or 

later.  These finishes also represent a majority of the total finishes encountered.  While 

the glass generally fits into the time period from the founding of San Antonio Xuxub in 

the 1860s to the early twentieth century, these finishes seem to indicate that large 

bottles became more available at San Antonio Xuxub after 1892.  This lack of older 

bottles may lack of availability of bottles prior to 1892 in nearby markets, or that access 

was being restricted including during the period in which Robert L. Stephens operated 
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the site.  Limiting the number of large bottles at the site may have been one tactic used 

to control pilferage of the aguardiente being produced.   

Excavations. The excavation units (Operation 23, Suboperations A-D) did lend 

initially credence to the field hypothesis that the clay tile remains found within the 

Operation 20, Suboperation A, Lot 4 shovel probe were that of the floor from the 

Robert L. Stephens house.  Paul Sullivan (personal communication 2009) places the 

Stephens house just west of the sugar processing house.  The remains were slightly 

south-southwest of the building, but directly west of the associated activity area.  While 

fragmented, and displaced by tree root action, the clay was in a horizontal layer.   

A second possibility for these remains is that the tile was not a house floor at all, 

but an improved flat surface on which the distilling equipment would have sat.  The 

whereabouts of the still have been lost to history, and the equipment may have been 

covered by a vegetal superstructure during use, making the colloquial use of the term 

“casa” (house) reasonable. 

Either of these interpretations, as Stephens’ residence or distilling area, make 

sense. It would be reasonable for the site manager to want to live near the sugar works 

as these were most valuable assets of the operation.  The smoke from fires used to boil 

sugar would also clear mosquitoes from the area. 

If the area was the site of the still, the location is reasonable.  Again, having all 

expensive equipment clustered makes oversight easier.  The area is close both to a 

water source, and to the sugar boiling and milling operations. If the large tank feature 

was used for fermentation, it would be very easy to move the wort from the fermenter 
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to the still.  The three-lobed disintegrated rock feature could be interpreted as either a 

traditional Maya three-stone hearth or the heat altered remains of the area just below 

the feet of the still.  Finally, there is no good reason to think that the still could not have 

been near the Stephens’ house.   

 Site as a Whole.  The Category and Class analysis for San Antonio Xuxub 

(Table 7.9) is similar to the other sites. About 60 percent of the current assemblage is 

from the personal, subsistence, and recreation categories compared to about 25 percent 

for the building material and hardware categories.   Most of the assemblage is of use by 

the people living and working at the site.   Much of the equipment has been removed, 

but the domestic assemblage is still significant.  The lack of locally-produced cutting 

tools is unsurprising given the lack of cryptocrystalline stone in the area (Hearth and 

Fedick 2011) but the small percentage of the assemblage that locally-produced 

ceramics represent does point to a high adoption rate of imported goods amongst all 

residents of the site. 
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Table 7.9: San Eusebio artifacts by category and class 

Category Weight (g) % of Total Class Weight (g) % of Total 

building material 5754 20.71       

      brick 782 2.81 

      flooring 4360 15.69 

      roofing 612 2.20 

local ceramics 894 3.22       

      ancient ceramics 54 0.19 

      historic ceramic 840 3.02 

fauna 30 0.11       

      fauna 30 0.11 

firearms 63 0.23       

      ammunition 5 0.02 

      cartridge shell 5 0.02 

      gun part 53 0.19 

hardware 1124 4.05       

      hardware 1098 3.95 

      tools 26 0.09 

indeterminate 2309 8.31       

      indeterminate 2309 8.31 

personal 5009 18.03       

      adornment 4634 16.68 

      medicine/cosmetics 375 1.35 

recreation 7952 28.62       

      alcohol 7952 28.62 

subsistence 4558 16.73       

      consumption 1154 4.15 

      preparation 3394 12.22 

      storage 99 0.36 

Grand Total 27783 100.00 Grand Total 27783 100.00 
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CHAPTER 8 : YALAHAU’S SUGAR TRADE IN REGIONAL 
AND INTERNATIONAL CONTEXT 
 

 

 A major motivation for beginning this study was the unique social and political 

environments of the late nineteenth and early twentieth century Yalahau region.  The 

region is both isolated and its north coast is on an ancient Maya trade route (Glover 

2006:265).  The region is largely ignored later in the historic period, but it contains the 

church at Boca Iglesias, which was constructed in the sixteenth century (Andrews, et al. 

2006; Benavides and Andrews 1979)  

This chapter is broken into three sections.  The first of these is a discussion of 

the position of the Yalahau region more generally, and the sugar trade more 

specifically, within the various political spheres.  The second section is a comparison of 

San Eusebio, Rancho Aznar, and San Antonio Xuxub to the contemporaneous site of 

San Pedro Siris in the Cayo District of Belize. The third section is an analysis of the 

interconnectedness of these four Maya sites to the outside world. 
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The Position(s) of the Yalahau Region and the Sugar Trade in the Late Nineteenth 
and Early Twentieth Century World 

  

 

In order to understand the position and importance of the late nineteenth and 

early twentieth century sugar industry to the economies of the Mexican Yucatán, 

Mexico, and the United Sates and beyond, it is also necessary to understand to position 

of the Yalahau region, within Mexican society.  The region was described as almost 

uninhabited throughout the Colonial Period (Farriss 1984; Patch 1993), and was seen as 

place for fleeing Maya to escape to until ca. 1855 when a peace treaty was agreed to by 

the Maya of the area and the Mexican government (Reed 2001).  This official peace 

made the area seem relatively safe for commerce and enticed business interests to the 

area.  Despite this economic importance, there was no large influx of government 

funding into the area, no large building campaigns, and the government relied partially 

on the volunteers from Kantunilkin, and presumably other small towns and villages, to 

enforce the peace (Reed 2001).   

 In exchange for the federal assistance needed to end major hostilities and drive 

rebel Maya cruceros into their stronghold of Chan Santa Cruz, the government and 

elites of the Mexican Yucatán had to give up on their long brewing secessionist designs 

(Reed 2001:115-116).  The area was cemented as part of Mexico, and is now the states 

of Yucatán, Campeche, and Quintana Roo.  Despite it being a contiguous part of 

Mexican territory, I argue that the best model for understanding the Yalahau area is not 

to think of it as a normal region of Mexico but almost as an extractive colony.  The 
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concern was not to integrate the Yalahau region into Mexico proper through 

improvements in infrastructure and services, but to extract the wealth of the area and 

keep the area calm.  For Yucatecan elites and foreign investors alike, their operations in 

the region were the means by which they could enrich themselves while living, or 

eventually moving to, somewhere more cosmopolitan (Alexander 1997; Sullivan 2004).  

Robert L. Stephens, the operator of San Antonio Xuxub, wanted to make his fortune 

and then return to his family living in West Hoboken, New Jersey (Sullivan 2004:21).  

The Urcelays, who feuded with Stephens, and owned the competing sugar mill at 

Solferino, had other holdings that often kept them in the Merida area (Sullivan 2004). 

The owners of La Compania Colonizadora and the El Cuyo Company were mostly 

foreign investors and Mexican bankers, and there is no evidence that many, other than 

Ramón Ancona from la Compania Agricola y Anexas, ever saw their investments 

firsthand (Macias Zapata 2002; Reed 2001; Sullivan 2004; Wells and Joseph 1996).   

 Using similar reasoning, haciendas in Yucatán state can be thought of as 

versions of extractive colonies as well.  Haciendas were owned as investments for the 

capital they produced, but also simply as collateral that could be borrowed against for 

other ventures (Alexander 1997).  The infrastructure supported the production of the 

goods made there, but the workers lived under primitive accommodations.  Even when 

there was a large hacienda house, the owners rarely lived on site, preferring instead to 

live in cities, with only infrequent visits to their haciendas.  In much the same way that 

officials in faraway colonies were allowed to set many of their own laws, hacienda 

owners and managers were allowed to punish infractions committed by their indebted 



273 
 

peons.  This extended even to crimes committed off the hacienda (Wells and Joseph 

1996:212)57.   

 Indebted workers were returned to the hacienda, so the laborer was working 

instead of sitting in a jail cell.  This hands-off approach did have limits; “[a]rson, 

moreover, represented one of the few instances in which state authorities, reflecting the 

interests of the large landowners, felt compelled to meddle in the hacienda's internal 

affairs” (Wells and Joseph 1996:171).  This does also imply that it was not only petty or 

minor crimes that the state had ceded jurisdiction over to the hacendados. 

 Based solely on appearances, haciendas in Yucatán state and the sugar operation 

in Yalahau region are not similar.  The sugar mills lack the perimeter walls, large 

houses, and storerooms of haciendas.  In this way sugar mills, and other operations in 

the area, are a category all their own, mixing some traits of a ranch with some traits of 

the haciendas. The way that they operated was similar though to haciendas, if 

sometimes on a much smaller scale.    

 Two of the three sites that are the focus of this study, San Eusebio and Xuxub, 

had housing for some or all of their workers (Sullivan 2004:20).  It is unknown how 

many workers from San Eusebio lived on company lands, but the labor documents from 

AGEY contain payments for both original construction, and repair of houses58,59.  

                                                            
57 Wells and Joseph cite a letter from General Luis C. Curiel to President Porfirio Diaz dated May 16, 1911 from the 
Colección General de Profirio Diaz (CGPD) 
58 Payments to workers for construction and reconstruction of houses appear in the records for the following weeks 
in 1909: 24, 25, 26, 28, 34, 35, 36, 39, 51, 52, 53 (and possibly 27, 38). In 1910 workers were paid to build/rebuild 
houses in the following weeks: 5, 6, 7, and 8. See Chapter 5, Table 1 for the Caja, Vol, and Exp in which the records 
for each of these weeks is held. 
59 Some of these weeks follow a tropical storm that hit the northern Yucatán Peninsula on August 6th, 1909, and a 
hurricane that hit the peninsula on August 26th, 1909 (National Oceanographic and Atmospheric Administration 
2009).  The storm track and intensity data for 1909-1910 is also included in Appendix H. 
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When Ramon Aznar and Robert L. Stephens purchased Xuxub, the workers that had 

been employed by Mauricio Palmero remained at the operation (Sullivan 2004:20).  

Stephens’ insistence that the operation be inaccessible from land meant unless workers 

had boats, and there is no evidence that any did, working at Xuxub necessitated living 

there too.   

Land enclosures, starting in the early nineteenth century and continuing through 

the Porfiriato, pressured poor Maya on to haciendas as this was often the only way that 

they could access land to farm (Alston, et al. 2009:110; Rivero 2003:572; Sweitz 

2012:241).  The large land grants awarded La Compania Colonizadora and the El Cuyo 

Company, had the same effect. By controlling access to land, haciendas in Yucatán 

state, and companies operating in the Yalahau, were able to coerce their needed 

workforce.  Andres Urcelay’s appointment to District Chief ensured that the hacienda-

like labor regime would be supported by local officials, and goods would continue to be 

exported from the region (Sullivan 2004:38).  Sugar workers in the Yalahau region 

were effectively living in a colony, and resident workers on company land were, in 

effect, living in a colony within a colony.  

Scholars including Rani Alexander and Robert Patch have argued that 

nineteenth century Mexico was a capitalist or partially capitalist society (Alexander 

1997, 1999; Patch 1985, 2002).  Off of the hacienda this seems to be clear.  Workers, 

especially those in cities, were engaged in wage labor, and those who had access to land 

were farming it.  Much like the enclosures of the commons in Europe (Marx 1992), the 
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elites actively made land scarce in order to coerce labor onto haciendas (Alston et al. 

2009; Patch 1993).  This activity off of the haciendas fits the mold for capitalist 

exchange. 

 Conceptualizing the hacienda as a peripheral entity, though, makes the 

economic system on the hacienda becomes less clear.  The addition of the, at best 

paternalistic, and at worst, deceptive and cruel, use of loans to entrap workers on the 

hacienda shifts these indebted workers out of the category of free laborer and into debt 

peonage.  A free laborer has no other choice than to sell their labor, but they can do so 

at the rate the market will bear and are free to enter and leave their employment at will.  

A free laborer that is in debt, and paid in company scrip, may be effectively trapped as 

they have no money with which to leave their current employment and travel to seek 

new employment or feed themselves in the meantime, but this is still different than 

being confined to a job by the force of law.  An indebted peon cannot act of their own 

volition in this way; unless they could convince someone to buy out their debt, they 

were stuck on the hacienda that held their debt.  Corporal punishment was meted out on 

the hacienda for such offenses as drunkenness and laziness (Alston, et al. 2009:120; 

Knight 1986:62).  This too is not a normal part of the working life of a free laborer.  

 On the hacienda, capitalist economic relations were augmented with 

paternalistic, if not quasi-feudal, qualities.  Workers and hacendados enter into an 

arrangement in which the worker, in essence, pledges fealty to the hacienda owner by 

accepting a loan that both parties understand has only a remote possibility of ever being 

repaid.  The movement of the worker becomes circumscribed; but with becoming 
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indebted comes the ability to start a family, access to farmland, and a measure of 

stability.  Lopsided as it is, this is a social contract that is not normally present in 

capitalism.   

The benefit to the employer under a capitalist system is that they can discharge 

the worker at will, and in times of labor surplus, play workers off of each other to drive 

wages down.  Free laborers can also be hired and fired as needed.  The drawback is that 

free laborers can demand higher wages during labor shortages.  If labor needs were 

constant, the economically best position for the hacienda owner in times of tight labor 

or uncertain labor markets is to lock workers into peonage so that the hacendado is 

assured of an adequate labor supply, while keeping land scarce so that the labor supply 

is never tight, and new workers can be recruited. Labor needs are not, however, 

constant on haciendas as there is more to do at various times during the agricultural 

cycle.   

In an agricultural context, the most economical way for the hacienda to operate 

is for a permanent workforce, attached by debt so it is consistent, to work on the 

hacienda year round, and for short-term wage laborers to be employed at times, like 

planting and harvest, when additional help is needed.  It does not make sense to have 

harvest-time level staffing on the hacienda year round as that would require additional 

outlays in the form of loans and any other benefits afforded to indebted workers.  

Foreigners from Korea, China, and possibly elsewhere (see Chapter 5) introduced into 

the Yucatán partially filled this niche.  Lacking families, and roots in the area, they 

were too suspect for hacienda owners to invest in by loaning them money (Alston, et al. 
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2009:119 citing personal communication from Piedad Peniche Rivero). They did 

however represent a pool of labor that was available during times of peak need, but 

could be laid off when the need subsided. At San Eusebio, at least, this need was also 

filled by Yucatecan workers who only labored for a short time, sometimes as short as a 

single day (see Chapter 5, this work). 

The two other groups of workers that were used are salaried workers and 

jornaleros.  The small group of salaried workers could be kept on the job by paying 

them higher wages.  In some instances, workers that were indebted to a lesser degree 

were not required to work full time for the hacienda, or live as resident debt peons. The 

threshold amount of debt amounts likely varied through time and by location. This 

system would help add flexibility to staffing levels.  The hacienda owner could simply 

demand the labor they owed be completed at times of greatest need, usually the harvest 

(Meyers and Carlson 2002:229).  Thus the experience of a worker was more feudal, the 

more they were indebted.  Small, arguably effectively-forced loans, as indebtedness 

was necessary for access to hacienda-owned farmland, created a relationship that 

resulted in an effective replacement for forced labor drafts. 

The infrastructure of sugar fincas in the Yalahau region was not as imposing as 

on haciendas in Yucatán state but the purchasing by, and granting to, of land to 

Mexican elites, foreign elites and corporations could create shortages that would have a 

similar coercive effects on the poor of the area. They would have little choice but to 

leave self-sufficiency behind for wage work or debt peonage. 
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A Periphery of a Periphery (of a Periphery?) 
 

 

In its current formulation World Systems Theory would generally describe 

present-day Mexico as a semi-periphery (Wallerstein 2011).  By virtue of the size of its 

economy relative to world powers, and its dependence on exports of raw and semi-

finished goods, late nineteenth and early twentieth century Mexico was a periphery 

(Wallerstein 2011; see also Alexander 1998, 1999; Chase-Dunn 1998, 1999; Chase-

Dunn and Grimes 1995; Chase-Dunn and Rubinson 1977; Chase‐Dunn and Hall 1994; 

Hall and Chase-Dunn 1993).  Despite being one of the richest regions of Mexico, the 

Yucatán was a peripheral entity because it was still quite remote and its economy was 

almost completely dependent on the export of henequen.  By 1910, these exports were 

almost all brokered by a single export house, Olegario Molina y Compania, and 

imported into the United Sates by a single importer, the International Harvester 

Company (Alston, et al. 2009:109; Joseph, et al. 1986; Wells 1985; Wells and Joseph 

1996).  The near monopoly control of the henequen trade in Yucatán by Olegario 

Molina y Compania in Yucatán, and even more so by International Harvester in the 

United States makes clear the precarious condition of the Yucatecan economy.   

 By the time Olegario Molina y Compania captured control of the henequen 

production in the Yucatán, I would argue that the henequen trade and the economy of 

Yucatán were so closely linked as to be nearly indistinguishable.  Mexico was 

peripheral to the world system, and the Yucatán was a peripheral part of the periphery 

and almost wholly dependent on the henequen industry.   
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 From one perspective, sugar would seem to be the industry least affected by 

foreign interests.  Almost all sugar, and sugar-derived products like aguardiente, were 

consumed within Mexico, and most of the sugar aguardiente was made primarily for 

sale to debt peons (Meyers 2005).  In la Costa Escondida this meant that many products 

were shipped to Merida.  I argue that this appearance of independence does not reflect 

reality, and that sugar is as almost inextricably connected to, and even an adjunct part 

of, the henequen industry. 

 Economically speaking, spending on items like sugar, and its derived products, 

while not completely elastic, does rise and fall with the availability of disposable 

income.  The economy of the Yucatán was so dependent on henequen that any 

significant cut in its commodity price held dire consequences.  More importantly 

though, sugar, specifically aguardiente helped to drive the henequen economy.   

 Aguardiente was an integral part of the henequen industry.  The sale and 

distribution of aguardiente by hacendados was a way to originate and increase debts by 

workers, and potential workers.  Aguardiente was sometimes included as part of 

payment to workers (Rugeley 1996). Consumption of aguardiente by workers was 

sometimes a “release” for frustrated workers (Wells and Joseph 1996:170). The role of 

the chichan cuenta (small book) and the nohoch cuenta (big book) in entrapping 

workers in debt that they could never hope to repay is discussed in Chapters 3 and 5.  

The forgoing discussion does recapitulate the discussion in Chapter 3 to a great degree 

but the orientation is different.  That discussion is more generally how workers became 

debt peons, this discussion shows just how much of that involved the purchase and use 
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of aguardiente, and how aguardiente was an integral part of continuing the hacienda 

system. 

Aguardiente was often sold by tiendas de raya (company stores).  These stores 

also sold items like tools needed for work, clothing beyond the meager allowances 

provided by the haciendas, staples like corn in lean times. All of these purchases Falso 

contributed to debts, but none of these were addictive.  A steady supply of aguardiente 

could result in a worker becoming deep in debt in a short time.  A distillery owner 

selling their own product in their company store to their workers, even at normal 

market prices, could entrap a debt peon for life, quickly and cheaply.  A henequen 

hacienda selling aguardiente to their workers, especially if the liquor was purchased at 

a bulk price, could similarly entrap a debt peon for not much more.  Beyond day to day 

consumption, aguardiente would also be present at the festivals, like weddings, that 

initiated a worker’s cycle of debt.  If the liquor was purchased at the company store, at 

a markup, the worker could easily become far more indebted than the actual cost to the 

hacendado. 

Gilbert Joseph and Allen Wells’ (1996:209) account of the hacendado who 

would give boys aguardiente starting at a very young age so that by the time they were 

old enough to incur debts they would be addicted to it, is disturbing. It is the drug 

dealer offering their product free for the first couple times, just with a different 

substance.  The effect is the same.  In both instances, the drug dealer or the aguardiente 

providing hacendado become the sole provider of the means to satiate a need they 

helped to create.  The story of this particular hacendado providing aguardiente to cause 
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addiction in young boys to entrap them later, may have been isolated and only survived 

through historical accident, or it may have survived only because it was more 

widespread but not documented in company books.  Either way it had some effect, 

small or large, on certain workers, but it also is a counter-example to those who would 

advocate for a view that hacendados should be seen primarily through a lens of 

paternalism (see Alston 2009 for discussion of the motivation of hacendados).   

One long-held precept of Spanish law, which was carried over into Mexican 

law, was that a negative act committed while inebriated, was an act that drew a lesser 

penalty than if the same act was committed while sober (Wells and Joseph 1996:170).  

This is because a peon who was drunk could claim that the act was spur-of-the-moment 

and not premeditated.  It did not matter that the cause of the diminished capacity was a 

volitional act.  The principle way for the lower class to become inebriated was by 

drinking aguardiente. 

Wells and Joseph (1996:170) recount instances in which peons committed acts 

such as assault or vandalism that would normally result in stiff sentences.  If the 

culprits were drunk at the time, the offenses were treated much more like mischief and 

disturbing the peace, rather than crimes that questioned and threatened to upend the 

social order.  

Being drunk was also a way to tell social superior what you really think of them 

without bearing the full brunt of the punishment that such acts would normally bring 

down upon you.  From the position of the hacendado or other elites, an insult from a 

person not in their right mind, even if it could not be ignored completely, could be 
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categorized as a nuisance, a temporary lapse of judgment, that did not have to be dealt 

with as a challenge to the social order.  The peon was able to express their true thoughts 

without the hacendado, or the courts, having to fully respond.   

This approach can also be seen as reinforcing the need for a system that controls 

and disciplines the lower class.  Rational, calculating, behavior on the part of the 

underclass is a threat to the system because it could spark another revolt or revolution. 

The argument used in New Spain, the United States, and in other places in which 

people held other people in servitude, whether in actual slavery or in near-slavery 

conditions, was that the groups held under heel were incapable of controlling their own 

urges, and therefore their lives.  As good as it may have felt for the peon to tell a 

hacendado what they really thought of them, it was self-defeating as it reinforced the 

need for the hacienda system in the minds of elites that may have otherwise questioned 

the fairness of the system.  

Just how ingrained this inebriation defense was within the law is shown by how 

the defense was attacked.  Wells and Joseph discuss instances in which the prosecutor 

argued that the defendant was claiming he was drunk, when he actually committed his 

crimes while sober, because of the likelihood of the lighter sentence. Thus, at least in 

some instances, the system of lighter punishments for the intoxicated was not 

questioned; whether the defendant was drunk, or drunk enough for the defense to be 

used, was what was in dispute (1996:170).  A side benefit was that hacendados could 

extract unpaid labor out of debt peons for minor offenses (Wells and Joseph 1996).  

These punishments were meted out for offenses such as drunkenness and the “laziness” 
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that comes as a result of being hungover.  Thus while the Yalahau region sugar 

production site workers and residents of San Pedro Siris has access to alcoholic drink, 

as indicated by the alcohol bottles found at various densities at each site, the aftereffects 

were quite different due to the different social systems in place at San Pedro Siris 

versus at San Eusebio, Rancho Aznar, and San Antonio Xuxub. 

 

 

San Pedro Siris 
 

 

 Founded in 1857, San Pedro Siris was the largest village of the San Pedro 

Maya60.  The San Pedro Maya ventured south into Western Belize during the Caste War 

of the Yucatán.  Figure 8.1 show the area controlled by the San Pedro Maya in the late 

nineteenth century.  If ever the British claim that the areas in the interior of Belize were 

unoccupied were true, it was in this area of the Yalbac Hills prior to the arrival of the 

San Pedro Maya (Jones 1977).  Having found a large area in which to settle they began 

founding villages.  San Pedro Siris was the village first with most influence, and later 

with most authority over the smaller allied villages.  The villages were arranged in three 

clusters that each included a “head” village and its surrounding hamlets.  What Grant 

Jones (1977:148) refers to as the San Pedro Major Cluster was headed by San Pedro.  

Minor clusters surrounded, and were named for the villages of San Jose Yalbac and the 

                                                            
60 Despite this moniker, the group almost certainly had lower class mestizos as part of its ranks. 
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historic village of Holmul (across the modern border in Guatemala).  The San Pedro 

Maya Project conducted fieldwork and laboratory analysis from 2000-2005 at San 

Pedro Siris (Church and Yaeger 2005; Church, et al. 2010; Leventhal, et al. 2001; 

Yaeger, et al. 2002; Yaeger, Church, Dornan, et al. 2004a, 2004b; Yaeger, et al. 2005a, 

2005b; Yaeger, Church, Leventhal, et al. 2004a, 2004b; Yaeger, et al. 2003). 

 
 

 

 
Figure 8.1: San Pedro Maya territory, adapted from Jones 1977. 
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 Though occupied by the San Pedro Maya, the territory was also claimed by a 

logging company (Dornan 2004).   It is this continuing dispute that is the best candidate 

for circumstances that eventually lead to the burning of the village in 1867 (Dornan 

2004; see also Jones 1977). 

 The logging company wanted the San Pedro Maya to stop growing milpa.  The 

explanation given was that the burning of fields threatened the mahogany (Swietenia 

macrophylla King).  This fear may have been part of the actual rationale but the Maya 

have been growing milpa for literally thousands of years so it is doubtful that damage 

due to out of control fires would have been a common occurrence.  Likely motivation 

was that if the villagers were not producing their own food they would have to buy it 

from the logging company.  The power of the nohoch cuenta and chichan cuenta in the 

Mexican Yucatán has already been discussed.  While falling into debt peonage was not 

a concern in British Honduras, producing their own food was important to the San 

Pedro Maya staying independent.   Bolland (2003b) discusses how landless Africans 

were coerced into onerous labor contracts, and kept in debt, by companies that would 

not allow them to farm.  The connection between food production and independence 

was undoubtedly understood by all parties.  

 Beyond their utility as lumber cutters, another reason that the San Pedro Maya 

were allowed to remain within the territory they claimed was that they represented a 

buffer between the British and another, more hostile Maya group61.  The San Pedro 

Maya had a tense and standoffish relationship with the people of their former parent 

                                                            
61 This description of the political situation at San Pedro Siris is adapted from Dornan (2004:97-136).   
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village, more militarily-oriented Icaiche Maya located north of San Pedro territory62.  

The San Pedro Maya split off and left the village of Icaiche wanting to avoid disputes.  

The Icaiche sought allies to help them rid current Belizean territory of the British and 

voiced unhappiness with the San Pedro Maya for seemingly siding with the British.  

The British, while using the San Pedro Maya as a buffer63, were always concerned 

about any strengthening relationship with the Icaiche (Jones 1977).  The San Pedro 

Maya were thus in a position of needing constantly to show that they were not aligned 

with either group, but any act was interpreted as them siding with one of the other 

parties against the third. 

 This concern, or perhaps paranoia, appears to have led to the destruction of San 

Pedro Siris and other San Pedro Maya villages.  In late 1866, rumors were spread by an 

unknown party, the best candidate is the lumber company, and then by a British 

Captain Delamare (first name unknown), that the alcalde (chief or mayor) of the San 

Pedro Maya, Asunción Ek, was conspiring with the leader of the Icaiche, Marcus 

Canul, against the British.  Dornan (2004) presents evidence that Ek was possibly not 

conspiring with, but was actually in fear of, Canul, and asked for ammunition and 

permission to engage against Canul’s party that was coming to San Pedro Siris (see also 

Jones 1977).  Ek requests notice from John Gardiner Austin, Lieutenant Governor of 

British Honduras, about visits by British forces to San Pedro territory so he can allay 

the fears of his people, and promises to provide information to help British quash raids 

                                                            
62 Or, at least, appeared to have a tense relationship with the Ichaiche (Dornan 2004:135-136) 
63 Legislative Resolution to arm the San Pedro Maya, May 23rd, 1866, Belize National Archives. 
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by Canul.  Delamere’s clumsy visit does appear to have scared Ek64 enough that he did 

reach out to Canul for possible assistance.  Austin realized that the intent of Delamare’s 

visit was to precipitate an actionable response by the San Pedro Maya, such that they 

would be displaced by the military. 

Austin then sends a businessman, Mr. Rhys (first name unknown), as a non-

military neutral party to assess the situation, but with a large military escort lead by 

Major McKay (first name unknown)65.  On their way to San Pedro Siris, McKay and 

his men encounter a large group of armed Maya and a battle ensues. Canul later claims 

that McKay’s men fired first.  In the battle, Rhys is abandoned by McKay, for which 

McKay is later charged with willful murder, indicating that Rhys did not survive or was 

presumed dead.  Canul soon departs the area to return to Icaiche, possibly because the 

weapons promised by Ek did not exist.  This leaves Ek with a much reduced force to 

defend against the attack that he must assume is coming.  Austin then requests 

reinforcements from Jamaica and appoints Lieutenant Colonel Robert William Harley 

to lead a march on San Pedro Siris.  Unfamiliar with the territory, the military 

detachment became lost for days.  By the time they reached San Pedro Siris, the village 

had been abandoned.  Harley’s men burned San Pedro Siris, along with San Jose 

Yalbac and another of the larger villages.  A few of Harley’s men received flesh 

wounds during a short battle at San Jose Yalbac, but the Maya were captured and “their 

punishment was however prompt and severe” (Dornan 2004:132)66 . The uprising, 

                                                            
64 In letter dated November 5th, 1866, to Major Molesworth, Austin expresses over the way Captain 
Delamere may deal with Ek possibly turning a friend into a foe. 
65 in letter from Rhys to Lt. Governor (Austin?) dated December 20th, 1866, Belize National Archives. 
66 in letter from Harley dated February 9th, 1867, Belize National Archives. 
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whether planned or an accidental confluence of events, incited fear amongst the British 

establishment.  They prepared for what they thought could be a full-scale revolt.  

 Similar to the ambiguities concerning the attack on San Antonio Xuxub (was 

Robert L. Stephens a fair man targeted by rivals jealous of his success and still angry 

from their prior dealings, or man who ruled his workers with an iron fist?; and did 

Bernardino Cen simply take advantage of the road cut by Montilla or did the two men 

collude?), the history at San Pedro Siris is unclear.  Was Ek actually fearful of Canul, or 

did he always intend to re-align with Canul, but wanted to trick the British into 

supplying him with arms?  Either is possible, but the village was re-inhabited within a 

few years and then it does seem that while Ek still held his position in the village, 

Canul held the real power (Dornan 2004). 

 San Pedro Siris bears many other similarities to the sugar production sites in 

Quintana Roo.  San Pedro Siris was founded a little earlier and may have been occupied 

slightly longer, but the sugar production sites all overlap with its time of operation.  

Labor at the sugar production sites, and the offsite lumber work San Pedro Siris 

residents completed, is similar in its physical intensity and hazards, including natural 

dangers like snakes as well as dangers from cuts from metal tools. 

 Two differences between the sites is that the San Pedro Maya had direct market 

access in Belize City, and this also then implies that they were paid in cash.  The 

amount and variety of imported goods purchased by the residents of San Pedro Siris is 

remarkable.  Some of what was purchased were tools, like axes and machetes, but also 

luxury items like porcelain dolls and perfume as well as everyday use items including 
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English ceramics.  Thus, the purchasing patterns of San Pedro Siris residents seem to be 

those of people with not inexhaustible wealth, but of a high level of disposable income.  

This appears to be a buying patterns of a group that could buy what they wanted within 

reason.  It is also possible that the San Pedro Maya were trading with Maya further 

inland (Minette Church, personal communication 6/6/2016; Palka 2009). 

 

 

 
Comparison between Northern Quintana Roo Sugar Production Sites and San 

Pedro Siris 
  

 

 Through a function-based assessment of the finds from San Pedro Siris (Table 

8.1) and the Northern Quintana Roo sites, it becomes clear that the assemblages are 

quite similar.  The San Pedro Siris material culture includes axes, many more bake-

oven fragments, and jute shells (Pachychilus) that are absent from Quintana Roo.  San 

Pedro Siris also has locally available tool stone that is absent in northern Quintana.  

These differences are easily explainable. The people of San Pedro Siris were cutting 

more trees than the people at the northern sugar production Quintana Roo sites, and the 

faunal assemblage reflects what is locally available. The bake ovens67 may have been 

rendered unusable when San Pedro Siris was burned, and were thus left when the site 

was abandoned, but similar items were taken when the people left the other sites.  San 

                                                            
67 Bake oven refers here to both cast-iron Dutch ovens and lidded “cauldron-shaped “pots that could be baked in, in 
addition to use for cooking stews and soups. 
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Pedro Siris had much more groundstone, but all four sites had hand-crank corn grinders 

(Figures 8.2 to 8.5).  At all sites the site assemblages are dominated by glass bottles, 

American/English origin imported ceramics, and metal tools.  
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Table 8.1: San Pedro Siris artifacts by Category and Class. 

Category Weight (g) % of Cat. Class Weight (g) 
% of 
Class 

architecture 117.94 0.03       

    
 

building material 104.53 0.02 

      window glass 13.41 <.01 

local ceramics 3528.451 0.83       

  77.6 
 

indeterminate age 77.6 0.02 

  4676.1 
 

local ceramic 4676.1 1.10 

  13.5   ancient ceramics 13.5 0.00 

domestic 382.93 0.09       

      furniture 382.93 0.09 

fauna 3274.41 0.77       

      fauna 3274.41 0.77 

firearms 10801.08 2.54       

    
 

ammunition 906.51 0.21 

    
 

gun flint 12.5 <0.00 

      gun parts 9882.07 2.33 

hardware 40837.17 9.62       

    
 

architecture 7.7 <.01 

    
 

automobile 380.1 0.09 

    
 

hardware 1985.8 0.47 

    
 

indeterminate 126.4 0.03 

    
 

machine parts 2375.5 0.56 

    
 

sewing 100.6 0.02 

    
 

storage 224.8 0.05 

      tools 35636.27 8.40 

indeterminate 33596.972 7.92       

      indeterminate 33596.972 7.92 

lithic 101635.02 23.95       

    
 

chipped stone 29661.47 6.99 

    
 

groundstone 70043.68 16.50 

      indeterminate 1929.87 0.45 

personal 8533.44 2.01       
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adornment 293.39 0.07 

    
 

burial 188.5 0.04 

    
 

clothing 166.56 0.04 

    
 

currency 10.1 <.01 

    
 

domestic 0.3 <.01 

    
 

entertainment 135.9 0.03 

    
 

indeterminate 104 0.02 

    
 

medicine/cosmetic 6929.05 1.63 

    
 

religious object 15.1 0.00 

    
 

sewing 161.9 0.04 

    
 

storage 110.7 0.03 

    
 

tobacco 2.5 <0.01 

    
 

tools 34.2 0.01 

    
 

toy 245.74 0.06 

      writing/drafting 135.5 0.03 

subsistence 117951.72 27.79       

    
 

consumption 29936.93 7.05 

    
 

indeterminate 562.82 0.13 

    
 

preparation 55789.86 13.14 

      storage 31662.11 7.46 

transportation 94.32 0.02       

    
 

automobile 5.02 <0.01 

    
 

horse tack 82.7 0.02 

      railroad 6.6 <0.01 

recreation 98908.21 23.30       

    
 

alcohol 97460.41 22.96 

    
 

entertainment 678.54 0.16 

    
 

indeterminate 19 <0.01 

      tobacco 750.26 0.18 

Grand Total 424428.863 100.00 Grand Total 424428.863 100.00 
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Figure 8.2: Corn grinder wheel from San Eusebio. Photograph by 
author. 

 

 

 
Figure 8.3: Corn grinder parts from Rancho Aznar (not collected). Photograph by author. 
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Figure 8.4: Corn grinder parts from San Antonio 
Xuxub. 

 

 

 
Figure 8.5: Corn grinder wheel from San Pedro Siris 

 

 As bottle making became more mechanized, it also became standardized.  While 

this is helpful for narrowing possible contents, it also means that the same, or very 

similar, bottles could have been filled at faraway locations and are thus not diagnostic 

for location.  The only bottles from the two locations that have similar embossing are 

Murray and Lanman’s Florida Water bottles.  There is no overlap in embossing, but 
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different brands of sewing-machine oil bottles were also recovered from San Antonio 

Xuxub and San Pedro Siris68.  American/English origin ceramics are a better option for 

figuring out whether all of these sites were buying from the same pool of artifacts/same 

merchants.  A minimum of 157 ceramics vessels were identified at San Pedro Siris 

(Bernadette Cap, personal communication 3/18/2016), most of which appear to 

represent a unique ceramic pattern.   This underestimates the real number because much 

of the assemblages was made of undecorated wares of various styles.  The variety in 

northern Quintana Roo was found to be much more narrow.  A total of 2869 different 

patterns were recovered from all three sites.  One pattern (Figure 8.6) was found at both 

San Pedro Siris and 8.6, and another was photographed from Puntachen (Figure 8.7), a 

nearby north-coast of Quintana Roo settlement that Paul Sullivan (2004) discusses that 

was also found at San Pedro Siris. Some minor overlap in undecorated wares is 

possible, but otherwise the imported ceramics appear segregated between the two 

regions. The simplest, but not only explanation is that the imported ceramics vary by 

nation of origin.  Distinct assemblages could also result from traders leaving from 

different ports within the same country, traders purchasing goods from distinct sets of 

suppliers, or resale by traders of goods imported from another country. 

                                                            
68 A sewing machine was also found at San Jose Yalbac, as were a number of pairs of scissors leading 
Dr. Minette Church of the University of Colorado at Colorado Springs to reason that it is possible that 
San Pedro Maya were sewing garments for sale (personal communication 6/7/2016).  One half of a 
similar pair of scissors was recovered from San Eusebio. 
69 This includes a few pairs of ceramic fragments that look similar except one has been altered by fire.  
These are included in the count as separate patterns. 
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Figure 8.6: Example of the one English ceramic pattern 
found at both San Pedro Siris (left, courtesy of San Pedro 
Maya Project) and San Antonio Xuxub (Right).  If these are 
not the exact same pattern they likely originate from the 
same manufacturer. Photographs by author. 
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Figure 8.7: Example of the one imported ceramic pattern 
found at both San Pedro Siris (bottom) and Puntachen 
(top). Photographs by author. 

 

 The port at Progresso, north of Merida (see Figure 2.1), was where the 

henequen was loaded onto ships bound for the United States, and those ships brought 

goods for sale from the United States. There is a known trade route that follows the 

north coast of the Yucatán Peninsula that was still being used to some degree while the 

sugar production sites were in operation (Glover 2006).  Imported goods were clearly 

available in Progresso, the only questions are whether the trading ships came close to 

the Yalahau region, or if the companies had to haul merchandise from Progresso and, if 

the small port towns were serviced by ships, how far down the coast these ships 

continued? Did they stop around Tulum, or did they continue down to Chetumal or 

even Belize City?  May-Zalasar (2014) has shown that the same ships that sold their 

cargo in Belize City sailed up the coast as far as Chetumal.  This narrows the gap 

between San Antonio Xuxub and Belize City by roughly one third, but there is still a 

long distance without known overlap in routes.  



298 
 

 Based on many factors including the date of sites’ occupations, the nature of the 

work performed, and because the people that founded San Pedro Siris were from areas 

affected by the Caste War, differences and similarities between the material culture 

between these sites are of interest.  The main differences between the way these groups 

lived was their relation to the means of production.  The Maya of San Pedro Siris 

jealously (and zealously) guarded their independence and tried to charge rent and/or 

exhort ransom, from the British logging company in return for allowing the companies 

to extract mahogany and other lumber from San Pedro Maya land (Jones 1977; Yaeger, 

et al. 2002; Yaeger, Church, Leventhal, et al. 2004a).  Given that the logging 

companies owned the larger equipment used, the control of the means of production is 

best described as incomplete or shared when access to milpa land is also taken into 

account. 

Workers in the Yalahau were wage workers who had no durable land rights, and 

often only were able to get access to land if they became indebted.  The purchases made 

by the residents of San Pedro Siris represent what was available to people who had 

disposable income and direct market access.  Figure 8.8 is an update of Figure 24 from 

Dornan (2004:212) showing all material culture collected from San Pedro Siris.  The 

original figure was made before all analysis was complete. Figures 8.970, 8.10, and 8.11 

                                                            
70 For consistency with the San Pedro Siris data, large aqua colored bottle glass from San Eusebio, Rancho Aznar, 
and San Antonio Xuxub that is classified in the “Subsistence” category, is classified as “Indeterminate” for these 
comparisons. 
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shows material culture collected, by category, from San Eusebio, Rancho Aznar, and 

San Antonio Xuxub respectively71.   

 

 
Figure 8.8: Artifacts categories by percentage at San Pedro Siris. 

 

 

                                                            
71 Only two potentially useful metrics may be applied to all artifacts, number and weight.  Weight was 
chosen for cross site comparisons because the number of clear bottle body glass fragments was estimated 
for Rancho Aznar. The number of fragmentary faunal remains was also estimated for some San Eusebio 
material. All materials were weighed.   
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Figure 8.9: Artifacts categories by percentage at San Eusebio 

 

 
Figure 8.10: Artifacts categories by percentage (all contexts) at Rancho Aznar. 
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Figure 8.11: Artifacts categories by percentage at San Antonio Xuxub. 

 

 San Eusebio and San Pedro Siris. There are a few interesting points of 

comparison between finds from San Eusebio and San Pedro Siris.  The first of these is 

that, by percentage, almost twice as much of the San Eusebio material culture is in the 

indeterminate category.  Most of this is aqua bottle glass that is known to have held 

liquid, but it unclear whether this liquid was perfume or mineral water.  At San Pedro 

Siris almost 40 percent of the total assemblage from both the surface collection and 

horizontal stripping excavations is from the subsistence category.  From the surface 

finds, much of this is fragments of cast iron bake ovens, and for the stripping 

excavations most of this is, small on average, fragments of American/English ceramics.  

At San Eusebio, whether looking at all material culture, all surface collection, or 



302 
 

material from Operations 5 and 7 excavation units, less than 10 percent of the material 

culture assemblage is in the subsistence category.  The bake oven fragments from the 

surface at San Pedro Siris are heavy, accounting for part of the difference, but the 

amount of American/English ceramics is much smaller at San Eusebio as well.   

The most striking comparison for these two sites is the recreation categoryMost 

of the artifacts from this category at both sites are alcohol bottles.  Comparing surface 

context to surface context, where most of the artifacts were located, a larger portion of 

the assemblage is from alcohol bottles.  For other contexts the percentages are similar.  

Especially given that the collection methodology employed at San Eusebio skews the 

amount of larger bottle-glass downward, this seems to indicate that alcohol was as 

readily available at San Eusebio as at San Pedro Siris.   

Exactly what this pattern means is somewhat unclear.  One possibility is that the 

liquor was sold at the general store and consumed on site, but that American/English72 

ceramics were not sold at all or only in small quantities.  Another possibility is that the 

American/English ceramics were available but to only some workers at San Eusebio 

and that cast iron bake ovens were either not sold there or residents took them when 

they left San Eusebio.  A final, much more speculative interpretation is that once the 

Mexican Revolution reached San Eusebio, the workers raided the company store, took 

all the alcohol and other large bottles, consumed those liquids right there, and either 

little-else was sold in the company store that preserved, or everything else was looted. 

                                                            
72 No fragments of decorated, non-Mexican, ceramics have been found at San Eusebio, Rancho Aznar, or 
San Antonio Xuxub that are big enough to determine pattern or country of origin.  Most improved white 
earthenware available in the United States was manufactured there or in England. Based on the 
assemblage it is impossible to differentiate between these points of manufacture for individual artifacts. 
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Definitive proof of where workers were living would contribute greatly to the 

interpretation of the site artifact assemblage. 

Rancho Aznar and San Pedro Siris.  While at first sight the site assemblages 

from Rancho Aznar and San Pedro seem similar, the material culture is actually quite 

different.  The assemblages are both dominated by imported materials, but almost 80 

percent of the Rancho Aznar is material of indeterminate function.   Most of this 

material is colorless bottle glass, liquid storage of some kind, but what the liquid was 

and whether it was consumed (for subsistence or recreationally), applied to the skin, or 

used some other way is unknown.  Based on comparison between the shapes of 

colorless bottles versus colored bottles of known contents, it seems that the colorless 

bottles were mostly used for substances that were drunk, and possibly to a lesser extent, 

applied to the skin or for other uses. This does not address, however, whether the 

contents were alcoholic.  To add an additional level of functional uncertainty, the 

reason that alcoholic drinks are often stored in dark-colored glass is that the beverage is 

light reactive and the coloration protects the contents.  Round green glass bottles and 

bottles ranging from olive to black, tend to be used for wine, and often but not 

exclusively, amber for beer. Square case bottle contained other liquors, usually 

whiskey. If these colorless glass bottles did hold alcoholic drink, then it was probably 

liquor and not beer or wine.  This means that the site could have had anywhere from 

very little alcohol consumed to much more than the inhabitants of San Pedro Siris (or 

San Eusebio, or San Antonio Xuxub), but that whatever alcoholic drink was consumed 

had high alcohol content.  
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San Antonio Xuxub and San Pedro Siris.  One trait that San Pedro Siris and San 

Antonio Xuxub share is that both were attacked.  In the case of San Pedro Siris the 

village was deserted and the attack expected, while the people at San Antonio Xuxub 

were surprised.  The goal of the attack on San Pedro Siris was to punish the people for 

suspected insurgent activity, and resulted in the village being destroyed when the 

village was found empty (Dornan 2004).  Not all the motivations for the attack on San 

Antonio Xuxub are clear but the results were two-fold.  The first was that all of the 

workers and staff were terrorized and some killed.  The second result was that the 

operation was looted, first by Bernadino Cen and his men, and then by Balthazar 

Montilla and his men who took some of the aguardiente stock back to Manuel 

Urcelay’s home in Puntachen (Sullivan 2004:121).  It is reasonable to speculate that 

some of Cen’s motivation was also to punish the people of the Yalahau region for 

settling with the Mexican government, but theft and anti-white sentiment seem to be 

clear motivating factors.  These different attack strategies also have left different traces.  

At San Pedro Siris the attack was carried out from afar using congreave-style rockets 

(Figure 8.12) to burn the village. This resulted in small and fragmented artifact remains.  

Many of the artifacts also exhibit crazing and serpentine break-patterns that may be a 

result of heating at temperature or duration beyond that of burning fields for milpa 

production.  At San Antonio Xuxub there is relatively little material, other than building 

material, that dates to before the attack.  Sullivan (2004) presents no evidence of a 

wholesale scouring of the site by either Cen’s or Montilla’s groups, but the reason for 
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this lack of early evidence is unknown.  Is this a result of looting or social control by 

Robert L. Stephens that were relaxed during the site’s reoccupation? 

 

 

 
Figure 8.12: Congreave-style rocket used by the British Army to burn down San Pedro Siris. Photographs 
courtesy of San Pedro Maya Project. 

 

Comparisons of the total site assemblages from these two sites reveal both 

similarities and differences.  At both sites the alcohol-related bottles represent a 

significant portion of the assemblage.  At San Pedro Siris this was 22.96 percent and 

28.62 percent at San Antonio Xuxub.  Dornan (2004) also speculated that the 

widespread use of alcohol may have been occurred late in the occupation of San Pedro 

Siris, as seems to be the case at San Antonio Xuxub.  Another similarity is the portion 

of the assemblage devoted to food preparation; 13.14 percent at San Pedro Siris and 
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12.22 percent at San Antonio Xuxub.  One major difference is that while corn-grinder 

fragments were identified or collected from all four sites (San Pedro Siris and the sites 

in the Yalahau region) (Figures 8.2 to 8.5) no groundstone was found at San Antonio 

Xuxub. Groundstone makes up 16.50 percent of the total assemblage from San Pedro 

Siris but was not included subsistence preparation (as presented in Table 8.1) due to the 

lack of a firm date.  If some or all of the groundstone was used during the historic 

occupation this would change the portion of the assemblage comprised of food 

preparation artifacts.  Food consumption related artifacts make up 7.05 percent of the 

San Pedro Siris and 3.94 percent at San Antonio Xuxub.  There is a greater portion of 

the assemblage that is made of locally produced ceramics (3.22 percent, 3.02 percent of 

total assemblage thought to be produced in historic times) at San Antonio Xuxub than 

at San Pedro Siris (.63 percent; .37 percent of total assemblage thought to be produced 

in historic times) and this may explain the reduced portion of the assemblage 

representing food consumption artifacts at San Antonio Xuxub.  Another possible 

contributing factor to this difference was the near complete destruction of San Pedro 

Siris building.  

Medicine, cosmetics, and tonics represent only 1.35 percent of the total 

assemblage at San Antonio Xuxub but 2.63 percent at San Pedro Siris.  While this is 

almost twice as much it is still a small portion of the assemblage.  The range at the four 

sites under consideration is 1.35 percent to 2.72 percent at Rancho Aznar (2.11 percent 

at San Eusebio).  The two sites that were furthest away from large settlements are San 

Pedro Siris and Rancho Aznar while San Antonio Xuxub (with access to a boat) and 
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San Eusebio were relatively close to Chiquila.  The difference may then not represent 

differential access to medicine but access to medical professionals for workers laboring 

at San Eusebio.  

A final potentially interesting difference between San Antonio Xuxub and San 

Pedro Siris is that while no chipped stone artifacts (including shatter) was found at San 

Antonio Xuxub this material comprises 6.99 percent of the total assemblage at San 

Pedro Siris.  Of course, it is impossible, like with the groundstone, to tie this, mostly 

chert, material to a particular time period.  What is interesting is that there are multiple 

glass artifacts from San Pedro Siris that exhibit wear from use as a cutting tool (Figure 

8.13) but no glass artifacts from San Antonio Xuxub have such wear.  Thus at San 

Pedro Siris, even when tool stone was available for use (or reuse), glass was sometimes 

utilized, but at San Antonio Xuxub where no tool stone has been found (see Hearth and 

Fedick 2014), glass was not reused.  Why glass was not seen as a resource in this way 

is unknown.  Perhaps it is because there is no history of stone tool production in the 

area (see Hearth and Fedick 2014). 
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Figure 8.13: Example of utilized bottle glass from San Pedro Siris.  Photograph courtesy of San Pedro Maya 
Project. 

 

 Other present differences are the greater amount of firearms-related material at 

San Pedro Siris, and that the building material category makes up almost 21 percent of 

the assemblage at San Antonio Xuxub.  The former of these is explained easily as the 

British government armed the San Pedro Maya against other hostile groups (Dornan 

2004; Jones 1977:143; Yaeger, Church, Dornan, et al. 2004b; Yaeger, et al. 2005a, 

2005b) and San Antonio Xuxub, like Rancho Aznar and San Eusebio, was a site 

devoted to sugar and rum production which necessitates fire proof and durable 

construction.   
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Conclusion 
 

 

 Many differences between the assemblages from the Yalahau region sugar 

production sites and San Pedro Siris are apparent.  Some of these are primarily due to 

the tools, resources, and structures needed for lumber extraction versus production of 

sugar-based products.  Other differences seem based on what resources and services 

were available locally, and whether managers at Yalahau region sites controlled access 

to certain commodities for some or all of the time a site was occupied.  Still other 

differences could have been based in the amount of disposable wealth the 

workers/inhabitants at each site had.  For instance, there is a near absence of 

condiments and other food flavor enhancers at the Yalahau region sites.   

 The similarities between these sites are striking from another perspective, their 

connection to the world economy.  Artifacts imported from, or by way of, the United 

States, England, and Europe predominate at all the Yalahau region sugar production 

sites and at San Pedro Siris.  At San Pedro Siris, almost two-thirds (66.49 percent) of all 

artifacts collected are made of glass, English origin ceramics, or metal.  At Yalahau 

sugar production sites it varies from over three-fourths to over 98 percent (76.28 

percent at San Eusebio, 98.25 percent at Rancho Aznar, and 81.72 percent at San 

Antonio Xuxub) for the same materials. At the Mexican sites a very small portion of 

the glass was produced in Mexico, such as small Picot brand effervescent powder 

(similar function to Alka Seltzer and still in production today) bottles, but the rest was 

imported.  The similarities are important especially given that it seems that San Pedro 
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Siris and the Yalahau Region sites were serviced by different sea-based trading routes, 

likely originating in the United States for the Yalahau region sites as a result of the 

henequen trade, and in Britain for San Pedro Siris as part of the trade in mahogany and 

other woods. This becomes especially salient because the inhabitants of each site also 

had social or logistical barriers that mediated their interaction with the outside world, 

be it long distance and difficult terrain or being paid in scrip that is only usable at a 

company store.  The Yalahau was itself a space of exception, much like a colony, 

outside the normal workings of the Mexican Yucatan.  Whether termed a periphery 

within a periphery, a space of exception within a space of exception, or a colony within 

a colony, operations including those producing sugar, but also other commodities, were 

even more removed Mexican and Yucatecan society.  Is spite of this profound isolation 

the connection to global trade are also quite clear.  
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CHAPTER 9 : DISCUSSION 
 

 Mexico’s Yucatán Peninsula changed greatly during the Porfiriato (1876-1910). 

Mexico had begun the long process of industrialization, frontier areas like the Yalahau 

region were occupied by land-grant recipients that imposed order, and the cruceros 

were finally defeated. Despite what many may have seen as positive changes in the 

Mexico, the 30 plus years Porfirio Diaz was in power73, the seeds were sown for what 

eventually erupted as the Mexican Revolution. 

 This chapter is a synthesis of all of the different data types employed at San 

Eusebio, Rancho Aznar, and San Antonio Xuxub.  This chapter also includes a 

discussion of the late nineteenth and early twentieth century Yalahau region, and 

situates this region within both within the Mexican Yucatan and within world markets.  

 

 

San Eusebio 
 

 

In addition to background research, five types of data were analyzed including 

investigations of the remnants of standing structures. The other four data types are the 

subsurface archaeological matrix, the artifact assemblage, labor records from 1909 and 

1910, and soil phosphate samples.   

                                                            
73 This includes the years immediately following his first presidential term in which Diaz was not in office but still 
wielded great power. 
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Standing Architecture 

 

The standing architecture at San Eusebio makes it very clear that it was a larger 

and better capitalized operation than either San Antonio Xuxub or Rancho Aznar.  As 

the architecture at San Antonio Xuxub is more complete, that site will be the basis for 

the following comparisons.  Two features that appear at both sites are the smokestack 

and the former location of the grinding mill.  The milling area at San Eusebio is 

approximately 20 m in diameter, resulting in a surface are of approximately 314.2 

square meters.  The milling area at San Antonio Xuxub is approximately 11 m in 

diameter resulting in a surface are of approximately 95 square meters.  The milling 

surface at San Eusebio is thus 3.31 times as large as that at San Antonio Xuxub.   

The total height of the smokestack at San Eusebio is approximately 15 m.  The 

round portion is 10 m tall with a dimeter of 5 m.  This rounded portion sits upon a 6 m 

by 6 m by 5 m tall rectangular base. Though it could not be measured directly, the 

smokestack consistently narrows to an ending size at the top that is approximately 4 m 

in diameter.  Thus the total volume of the smokestack is approximately 816.23 cubic 

meters.  The smokestack at San Antonio Xuxub also sits on a small rectangular base.  

The base is 2 m square by .5 m tall.  The round portion of the smokestack is 1.75 

meters in diameter at the base and had an original height of approximately 5.5 m.  A 
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photograph of the intact smokestack provided by Paul Sullivan (Figure 9.1) shows that 

it narrowed at the top but one side is partially obscured, making precise measurements 

impossible.  The smokestack appears begins to narrow starting at about 60 percent of its 

total height.  The mouth is about 80 percent as wide as the lower portion (1.4 m). This 

results in an estimated total volume of 48.6 cubic meters. Thus the smokestack at San 

Eusebio is approximately 16.8 times as large as the original height of the smokestack at 

San Antonio Xuxub.   

 

 
Figure 9.1: The smokestack at San Antonio Xuxub in 
1989.  Photograph courtesy of Paul Sullivan. 
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The productive capacity of San Eusebio likely benefitted from economies of 

scale, but the underlying technology was an updated version of the same “Jamaica 

train” setup like the one used at San Antonio Xuxub (González 2014: 259; see also 

Wayne 2010).  Ignoring economies of scale, the equipment at San Eusebio could have 

processed approximately 3.3 times as much sugarcane as at San Antonio Xuxub, and 

processed 15 times as much cane juice into sugar as at San Antonio Xuxub, assuming 

consistent operation of both plants, and that size scales consistently with productive 

capacity.  The former statistic, amount of sugarcane that could be milled to extract its 

juice, is probably a better measure, as cane must be milled within one to three days or 

both the cane and its sugar will start to break down (Roger Zimmerman, personal 

communication 3/2015).  There is certainly ambiguity built into these numbers, but it is 

not ambiguous that the sugar works at San Eusebio dwarf those at San Antonio Xuxub 

and, by extension, those at Rancho Aznar.   

Other standing infrastructure at San Eusebio includes the ruins of the rest of the 

sugar processing building, two norias, one to two wells, the company store/store 

house/distillery building, and the ruins of the manager’s home. The norias are 

comparable to the example from Rancho Aznar, and all three sites have/had stone sugar 

boiling facilities and wells, but otherwise the infrastructure at San Eusebio represents a 

much greater investment.  Not only is the size different, but at San Eusebio some 

facilities were built of stone; structures at the other operations were built primarily with 

wood and thatch.  
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Archaeological Matrix, Soil Phosphate, and Artifact Assemblage 
 

 The soil at San Eusebio is generally black to yellowish brown in color, clayey to 

silty clay loam in texture, and ranges in depth from not present (exposed bedrock) to 

exceeding .5 m in depth.  Within shovel probes the soil matrix was generally hard 

packed below the surface duff with artifacts, when present, only in the first 15 cm 

below the surface.  The great majority of the shovel probes did not contain artifacts.  

The artifacts that where found within shovel probes were small and all were similar to 

what was found on the surface.  All areas surrounding “site core” in which domestic 

activities were likely to have taken place (normally-dry areas near the sugar making 

infrastructure, and/or near fresh water sources) were investigated with shovel probes.  

Between construction of homes from perishable materials, and some combination of the 

residents having relatively few possessions, removal of possessions when the sugar 

works were abandoned, and later scavenging, few traces of the workers remains.  

The archaeological matrix within the excavation units was very similar to that 

of the shovel probes with the exception of Operation 7, where the soils were somewhat 

darker.  Operation 7 units, placed right outside the sole doorway to the company 

store/store house/distillery building included glass similar to what was found in 

surrounding areas, and metal artifacts in both greater number and variety.  Most of 

these artifacts were tools, like files; or hardware, like bolts, nails, and chain.  This lends 

credence to the idea that the building was either used to store tools and equipment or 

housed the still.  This does not detract from the possibility that this was the company 

store, especially if metal tools were sold there.  Operation 7 excavation units also had 
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artifacts that were buried deeper than anywhere else on site.  Artifacts being driven into 

the ground by people walking in and out of the building may partially explain this but it 

also seems probable that the area has had more deposition in the last century than other 

parts of the site. 

Excavation units directly south of the company store/storehouse/distillery 

building (Operation 5) had relatively few artifacts, all of which are similar to those 

found on the surface.  Most interesting in this area, and a possible reason to conduct 

more excavation in the area, is the flat concentration of shell found within Suboperation 

C.  It is unclear whether the shell was used as paving material or if the this was a sheet 

midden.  Regardless, it is clear that shell was being brought to the site, presumably 

from the nearby coast.   

The vast majority of the site artifact assemblage is on the surface.  This 

indicates that soil in the area is stable, and archaeological remains have not been 

significantly displaced. The highest concentration is in the area near Operations 5 and 7 

excavation units, and near the company store/storehouse/distillery building.  The 

presence of this, primarily glass, artifact scatter (partially collected as Operation 4) near 

the building does not seem coincidental.  The building seems to have been the focus of 

activity for this portion of the site.   

The majority of the artifacts found and collected at San Eusebio (61.96 percent) 

are made of glass, the vast majority of which was imported into the area from the 

United States.  Given the amount of glass at the similarly-aged site, San Pedro Siris in 

Belize, this is not surprising.  What is somewhat surprising is that the there is so little 
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ceramic present, whether locally produced (2.16 percent of the assemblage) or imported 

from the United States/Europe (1.71 percent of the assemblage).  Wells (1985 :138; see 

Meyers 2005) notes that if imported ceramics were not sold by the company stores this 

would be an impediment to general access by hacienda laborers and Meyers says that it 

is known “that hacendados created conditions in general that permitted, and perhaps 

even encouraged, a minority of laborers to acquire such goods” (2005:131).  The 

precursor company that was reorganized to become the El Cuyo Company, El Cuyo de 

Ancona, used hacienda tokens in place of cash payments (González 2014; Figure 9.2).  

There is no reason to think that the El Cuyo Company discontinued this practice.  Thus 

the paucity of imported ceramics may be an indicator of social control.  The company 

store did not have desired items, but wages were only good at the company store. If 

they were not using imported ceramics, and the locally produced ceramics were also 

scarce (even when ceramics that may actually be much older are considered), then the 

question of what the people were using to prepare food and eat off of remains open.  

One possible explanations for why medicine-related artifacts make up such a small 

percentage of the assemblage may be explained by the hospital located at the El Cuyo 

Company’s primary location at the town of El Cuyo (González 2014: 283).  Given the 

travel times, only the worst cases were probably taken to this hospital, but this hospital 

may indicate a general concern for the health of workers resulting in the company 

operating or ensuring worker access to a nearby clinic, thus reducing the need for 

purchased medicines.   
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Figure 9.2: Five centavo hacienda token from El 
Cuyo de Ancona. Photograph by author. 

 

Labor Records 

 

 The pay records for 32 weeks between 1909 and 1910 give insight to the work 

lives of laborers at San Eusebio that no other data type can give.  Based on these 

records it is clear that the oversight of labor at San Eusebio was conducted and recorded 

in highly regimented ways.  Instead of a daily wage, many workers were paid at piece 

rates that varied not only by activity but person to person.   It would be more 

understandable if there was a pay scale for daily rate work that took into account 

productivity and skill, but multiple piece rates result in people being paid very 

differently for the exact same work.  If these are the boys and unmarried men that 

Rivero cites (1994:78) as being paid lower wages, then what we are seeing is pressure 
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for older boys to marry so their work will be fully compensated74. Perhaps the most 

striking pattern that emerges from the dataset is the number of people (men) who 

worked only a very short time at San Eusebio, sometimes only a single day within the 

period for which there are records.  The records break the work itself into two types, 

salaried and day rate, but the old system of salaried versus piece rate workers 

(jornaleros) no longer applied.  Many workers work both at day rate (salaried) and 

piece rates within the dataset. This was also not a situation of promotion to salaried 

work from piece work, or demotion to piece work as workers sometimes switched back 

and forth.  

 An important division within the labor force was length of service. Almost two 

thirds (64.83 percent) of all workers worked only one to four weeks, and for some this 

represents only a single day of work.  This group only earned 15.32 percent of all 

wages paid to direct employees.  However, only 8.05 percent of laborers worked for 25 

or more of the 32 weeks covered by the dataset but earned 31.71 percent of wages.  

Exactly where to draw the separating line may be debatable, but it seems that there 

were many temporary employees, and a very small number of permanent employees. 

The idea of employees being captured by debt may hold for a few men, but it no longer 

seems to hold for most workers by 1909-1910.  What had not changed though is the 

way that women worked.  If work by a woman was performed for pay, those earnings 

                                                            
74 Alston et al (2008:13) indicate that muchachos were paid half as much as adult workers.  In the updated version of 
this work (Alston et al, 2009:125) this was changed from adolescent boys receiving half pay to them doing half as 
much work. 
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were paid through her husband, father, or another man, as no women appear in the 

records (see Rivero 1994).   

 

 

Rancho Aznar 
 

 Beyond background research, four types of data were analyzed at Rancho Aznar 

including analysis of the standing architecture.  The other three data types are the 

archaeological matrix, the artifact assemblage, and soil phosphate samples. 

 

Standing Architecture 
 

 The standing architecture at Rancho Aznar is in the worst shape of the three 

sites under investigation here.  The sugar processing house is not extant.  The other 

features are two wells, the larger of which has been cleaned out within the last five 

years for use by the ranch’s current owners, a noria, and the remains of a large storage 

tank similar to that of San Antonio Xuxub.  This tank is heavily damaged but had 

approximate dimensions of 10 m by 6 m by 2 m tall (120 cubic meters).  It has a 

capacity of 3.55 times as much as the tank at San Antonio (4.7 m by 4 m by 1.8 m tall; 

33.84 cubic meters).  This features represent the maximum size of a batch of sugar beer 

(wort).  Thus, the productive capacity of Rancho Aznar at any given time is over three 

times that of San Antonio Xuxub.   
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Archaeological Matrix, Soil Phosphates, and Artifact Assemblage 
 

The archaeological soil matrix at Rancho Aznar is generally either dark brown 

to brownish black in color, loam to clay loam in texture, and ranged in depth from not 

present (exposed bedrock) to exceeding .5 m in depth.  Within shovel probes, the soil 

matrix was generally hard packed below the surface duff with artifacts, when present, 

only in the first 15 centimeters from the surface.  There is usually a single stratum that 

grades into bedrock at depth and is pulverized at the surface. The overwhelming 

majority of the shovel probes did not contain artifacts.  The artifacts that where found 

within shovel probes were small, and all are similar to what was found on the surface.  

The results of the shovel probe excavations, coupled with the lack of statistical 

difference in phosphate levels between shovel probes with and without material culture, 

show that all activity areas, except sugar cane fields and possibly areas in which cane 

was stored prior to milling, have been identified, rather than helping to identify any 

new ones.   

The unique position of Operation 13, Suboperations A and B excavation units 

within a small fissure makes these units hard to compare to the other four excavation 

units.  These units yielded the majority of the artifacts at Rancho Aznar.  Due to the 

mixing of modern debris, and near absence of surface artifacts in the surrounding area, 

the fissure is interpreted as a modern dump site of the artifacts that had been on the 

surrounding surface, and not a historic midden.  The material types of artifacts within 

the fissure roughly matches that of the rest of the site.  Where the assemblage differs 

from those of San Eusebio and San Antonio Xuxub is that clear (colorless) glass 
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predominates at Rancho Aznar but was much rarer at the other two sites.  Colorless 

glass was perfected later than other colors of glass and its predominance implies that 

the Rancho Aznar was occupied somewhat later that the other two sites.  An alternative 

explanation for the difference in color is that colorless glass was available earlier and 

that residents either used it preferentially or were accessing foreign goods through a 

different supply chain than the other two sites. Both of these latter options seem less 

reasonable. 

Rancho Aznar had relatively few ceramics, whether foreign or locally produced.  

The possibilities at Rancho Aznar and elsewhere are a lack of desire for these foreign 

ceramics; lack of availability, whether just not present in the area or too expensive; or 

that items were present but not broken and taken when the site was abandoned.  Given 

the preference for a wide range of European/American ceramics of the people from San 

Pedro Siris in Belize (Church, et al. 2010; Dornan 2004; Yaeger, et al. 2002; Yaeger, 

Church, et al. 2004a, 2004b; Yaeger, et al. 2005a; Yaeger, et al. 2005b; Yaeger, 

Church, Leventhal, et al. 2004) (see also Ng 2007; see Chapter 8 this work), and given 

the fragility of ceramics, the second option seems most likely.  The small amount of 

locally produced ceramics, especially one that may be fairly recent origin, creates the 

question of what Rancho Aznar (as well as those of San Antonio Xuxub and San 

Eusebio) were eating off of? 

As a whole, the assemblage from Rancho Aznar has much less variation than 

that of San Eusebio.  The distance from the coast easily explains the much smaller 

amount of local shell, except that San Antonio Xuxub, located on the coast, has even 
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less, as a percentage of the assemblage, than at Rancho Aznar.  Beyond the gross 

amount (as a percentage) of imported ceramics being lower at Rancho Aznar than at 

San Eusebio and San Antonio, the range of variation is narrower.  In addition to flat 

vessels like plates, both San Eusebio and San Antonio Xuxub yielded pedestal bowls, 

and a small coffee cup was found at San Antonio Xuxub. Finally, no materials that 

were not classifiable and thus would have been entered as “other” were found at 

Rancho Aznar.  At San Eusebio and San Antonio Xuxub, 20.74 percent and 15.58 

percent respectively of the assemblage was “other” materials.  Rancho Aznar workers 

had easy access to whatever was contained in the glass bottles found there, but access 

to other goods appears more restricted than at San Eusebio, and possibly than at San 

Antonio Xuxub.   

 

San Antonio Xuxub 
 

 

 Investigations at San Antonio Xuxub were aided greatly by Paul Sullivan’s 

2004 book Xuxub Must Die: The Lost Histories of a Murder on the Yucatan.  This 

book, while not focused on the day to day operation of the site, did provide good 

description of what infrastructure was located at San Antonio Xuxub and a tight 

timeline history for the site.  Other data types investigated are the architectural 

components and related features, archaeological matrix, the artifact assemblage, and the 

soil phosphate samples.   
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Architectural Features 
 

 The remaining standing architecture includes two small wells, the tank feature 

with associated pylon or base features, and the sugar processing building with 

associated milling area.  A small wall, of unknown use, is located near the current 

entrance to the site. 

Test pit excavations at San Antonio Xuxub yielded the remains of a clay tile 

floor at the western edge of the core structures of the operation. Sullivan says he was 

told that a fine tile floor was present in the plantation house (Sullivan 2004:6).  Despite 

PCEH members scouring the site, only one tile floor has been found.  It is possible that 

this tile was one from Stephens’ home, but a tri-lobed, ashy stain in the soil in the 

southernmost unit (Suboperation D) seems to be the remains of a large fire hearth.  If 

this is the Stephens’ house, the fire would have likely made it uncomfortably hot inside 

the structure.  An alternative explanation for the finds within Operation 22 excavation 

units is that this was the structure that held the still.  The distilling process also requires 

a larger fire than would normally be associated with a household.  Paul Sullivan, 

describes encountering the distillery in the 1990s.  

 

As they hacked on, however, a stack came into view. There once stood 
the rum distillery. All of it had long since crumbled but that chimney, 
held erect by an ancient tree, as though nature itself remembered yet 
what had happened there   

Further on Fidencio uncovered another structure-four masonry 
walls, no roof, no door, no windows. Some sort of storage tank. 
Elsewhere in the rank tangle near the river's edge one could still spy 
parts of the fine, tiled floor of the plantations big house. That's what they 
told us, anyway. Most else had vanished long ago [Sullivan 2004:6]. 
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The poetry of this passage is striking, but Sullivan is actually describing the 

sugar processing building, not the distillery (See Figures 4.15).  This is clear, based on 

comparisons to other sugar mills (Wayne 2010; Figure 9.3). Note the edge-to-edge 

stone circles in which the boiling cauldrons were seated. 

 

 
 

 
Figure 9.3: Jamaica Train. From Wayne 2010:27. 

 

If the tile floor and fire features are related to the location of the still, that puts 

all major components of the sugar refining and rum distillation processes in a single, 

small area.  It seems odd that the Stephens’ house would be so near the site’s major 

infrastructure, but the still, which makes the end product, would be located elsewhere.  
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Archaeological Matrix, Soil Phosphates, and Artifact Assemblage 
 

 The soil matrix at San Antonio Xuxub contained two general soils.  The first 

was found in all areas except the Operation 20, Suboperation C shovel probes.  The soil 

was clay to clay loam and graded in color from black to yellowish gray.  The soil had 

common pebble-sized inclusions and was densely packed in most areas.  The soil 

matrix within the Operation 22 excavation units was ashy in places but of the same 

general texture.   

The soil matrix in Operation 20, Suboperation C, is more varied, and these 

shovel probes were in an area that is likely subject to infrequent flooding.  The soil 

matrix was undeveloped, even compared to the soil in other investigated areas, which 

showed very little soil development.  The soil color ranged from black to dark gray in 

color and was clay loam in texture.  The soil matrix in each area of the site was 

dominated by a single stratum that becomes lighter in color and rockier near bedrock. 

Some areas also included a pulverized version of the main soil stratum at the surface, 

generally mixed with roots. As at San Eusebio and Rancho Aznar, very few shovel 

probes contained artifacts, coupled with the lack of statistical difference in phosphate 

levels between shovel probes with and without material culture, implying that all 

activity areas, except sugar cane fields and possibly areas in which cane was stored 

prior to milling, have been identified. 

The artifact assemblage at San Antonio Xuxub, like that of San Eusebio and 

Rancho Aznar, is dominated by glass, most of which is from large bottles. Most of the 

large bottles used the crown cap enclosure. The crown cap was invented in 1892.  This 
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post-dates the Stephens period at the sites (ca. late 1872 until his death in 1875) 

(Sullivan 2004).  It is unclear whether this means that the supply of bottles, whether for 

the bottles or their original contents, was controlled at San Antonio Xuxub, by Stephens 

until after his death, or that the bottles were not available for purchase locally until 

around the turn of the twentieth century.  The artifact assemblage at San Eusebio has a 

wider variety of bottle types, but the site was not founded until the later 1890s-early 

1900s (González 2014; Sullivan 2004), disallowing any direct comparison between the 

two sites while Stephens was in charge at San Antonio Xuxub.   

It is hard to differentiate which portions of the assemblage belonged to 

Stephens, or his American employee Joseph Byrne (Sullivan 2004:24), versus those 

owned by Maya workers.  A few clay roofing tiles were recovered that were 

manufactured in the northeastern United States, so it is probably safe to ascribe these to 

Stephens as something he purchased in the United States or specially ordered. A brick 

that was of similar origin is impossible to pin down this way, as bricks were sometimes 

used as ballast.  St. John’s Cathedral (Everitt 1986:89) in Belize is built of ballast brick 

foreign to the area (see Figure 4.16).  Other items, even if manufactured near Stephens’ 

family home, could have been in wide circulation. An example of this is a Murray and 

Lanman Florida Water bottle embossed as originating in New York.  This bottle was 

embossed in Spanish (Figure 9.4) implying that they were manufactured for Spanish-

speaking markets.  Thus, Stephens was more likely to encounter these particular bottles 

in the Yucatán than in Hoboken, New Jersey.  It is also impossible to tell who owned 

the limited number of American/English ceramics found on site.  Did Stephens bring 
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them, did he purchase them, or were they owned by the workers be it before, while, or 

after he was in control of the operation?  Artifacts, like cutting tools, that would be 

expected to be abundant in an operation like this, are absent or unidentifiable.  

Machetes and cane knives were certainly worn out at San Antonio Xuxub, but none 

were found. Where did they go?  Machetes were found at both San Eusebio and Rancho 

Aznar. 

 
 

 
Figure 9.4: Florida Water bottle, embossed in Spanish. Drawing by author. 

 

 

Late Nineteenth and Early Twentieth Century Yalahau Region 
 

 

 The latter half of the nineteenth century saw the northeast coast of the Mexican 

Yucatan Peninsula change from a place where indebted or wanted persons could go to 

escape their obligations, to a place much more like the rest of the peninsula.  It became 

a place ran by political and economic elites for their benefit, against the poor, largely 
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Maya, workforce.  Porfirian land grants resulted in the “outsourcing” of much of the 

government’s security responsibility to large enterprises through existing laws that 

allowed hacendados to punish minor (and some not so minor) criminal offenses (Wells 

and Joseph 1996:170-171). The practice of appointing area businessmen to local offices 

like District Chief blurred the lines between the hacienda and legal authorities.  Beyond 

the abuses that should be expected when a hacienda owner becomes his own oversight 

authority, it also sets up an opportunity for actual corruption and abuse of power.  

Examples of this are when Andrés Urcelay became District Chief (Sullivan 2004:38), 

and the appointment of known criminal, Balthazar Montilla, to head the local National 

Guard garrison (Sullivan 2004:204n2).   

 Land grants and institutionalization of the hacienda owners within the 

government still did not result in adequate numbers of local laborers.  González 

(2014:258 citing Macías Zapata, 2002:104) reports that the El Cuyo Company 

requested official permission to import 100 to 500 laborers from Cuba, and labor 

records from San Eusebio (see also Chapter 5) indicate that in 1909 Korean and 

Chinese workers were employed through labor contractors.  This shortage of labor may 

have resulted in somewhat better wages for workers, but these wages were paid only to 

be given back to the employer at the company store.   

 Robert Patch argues “despite the presence of ‘capitalistic’ economic 

characteristics, the Latin American social structure was not consistent with what is 

normally thought of as capitalist society. In short, while the colonial economy may 

have had elements of capitalism, “colonial society did not; or at least it had very few” 
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(Patch 1993:247).  The post-Caste War enclosure laws clouded this more, pressing 

Maya into some measure of forced labor.  They were not “freed” as occurred during 

enclosures in Europe (Marx 1992). In this work (Chapter 8) I have argued that one way 

to approach this is that the hacienda became a space of exception and difference, a 

colony of sorts, that operated outside the quasi-capitalist economy.    The hacienda 

operated within a partially capitalist economy, but with elements of the feudal mode of 

production, like access to land based on attachment to a social better, as well.  By 1909-

1910 the bonds that held many people to the haciendas seem to have frayed in the 

Yalahau region.  That so many workers labored for such short times, sometimes as little 

as a single day, indicates that the populace did not feel compelled to keep a job at the 

sugar plant once it was offered.  This could only have been possible if there was land or 

other opportunities available.  It does not seem that there were many “slaves” (Sullivan 

2004:1) left to be freed by the time the Mexican Revolution reached the Yalahau 

region. 

 

The Yalahau Region within the Mexican Yucatan and World Markets 
 

 

At a time when henequen was almost alone as an export from the Mexican 

Yucatan, enterprises with the Yalahau region were exporting logwood and chicle; had a 

robust internal trade in honey; and were satisfying the, otherwise unmet, need for 

alcohol in the form of aguardiente. Aguardiente was an integral part of entrapping debt 

peons into unrepayable debt in the henequen area of the state of Yucatán, in particular 
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(see Chapter 3), so much that aguardiente producers may reasonably be viewed as 

adjunct to the henequen industry. 

The grand contradiction of the Yalahau region is that though it was seen as a 

frontier, its residents had access to an international suite of goods, even if what exactly 

was available was often mediated by the owners of the companies. Foreign-produced 

goods predominate the artifact assemblages at all three sites, San Eusebio, Rancho 

Aznar, and San Antonio Xuxub.  Poor workers, from the frontier region of what had, as 

a whole, been long seen as a frontier peninsula, had items from the United States, 

Argentina, areas with French colonial influence, of European origin, as well as finished 

goods produced within Mexico. This was within the shadow of the remnants of an 

insurgency that finally cemented the current states of Campeche, Quintana Roo, and 

Yucatán into Mexico (Reed 2001).  
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CHAPTER 10 : FINDINGS, FINAL CONSIDERATIONS, AND 
FUTURE RESEARCH 
 

Findings 
 

A central question within Paul Sullivan’s Xuxub Must Die: The Lost Histories of 

a Murder on the Yucatan (Sullivan 2004) around which the narrative framework is 

structured, is whether Robert L. Stephens was a cruel and tyrannical boss whose death 

was eventually orchestrated by his workers, or if he was a good employer who treated 

his workers well, but was killed due to Bernardino Cen’s hatred of whites on the 

peninsula?  Neither the answer to this question, nor that of the question of whether the 

Urcelay brothers and their agent Balthazar Montilla were complicit in a conspiracy to 

kill Stephens, or simply benefitted from it after the fact, will ever be known.  In no 

small measure this ambiguity stems from the brutal nature of working on a sugar 

hacienda.  This final section discusses life on haciendas, sugar and otherwise, and then 

ends with final thoughts on future investigations of Historic Period sites within the 

Yalahau region. 

Under the best employer, cutting sugarcane is dangerous work, with sharp tools, 

amongst plants that draw rodents who, in turn, draw snakes, many of whom are 

poisonous.  Entanglement of limbs was a danger for the workers that fed the grinding 

mill (Ramsay 2013; Smith 1841).  Some even claim that operations would station two 

men at the in-feed of mills powered by animal traction, but none found thus far provide 

citations with the first man in charge of feeding sugarcane into the mill while the 
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second stood ready to sever the first’s arm should it become entangled (International 

Slavery Museum 2016; see also Mason 1993:126).  That was not the only danger 

outside of the cane fields either.  The sugar processing building cooked cane juice down 

to a boiling hot, sticky syrup that would melt the skin and flesh off of anything living it 

touched.   

Individual employers could control the wages they paid, the size and quality of 

rations given to workers, length of the workday, amount of land on which jornaleros 

were allowed to farm, but, even under the best circumstances, making sugar has a base 

level of brutality that should not be underestimated.  One thing that becomes evident 

through a review of the literature on sugar production is that it is not an occupation 

many freely choose.  Be it through enslavement, land enclosures and debt peonage, or 

in other fashions, those who worked sugar experienced some amount of coercion to do 

so.  A boss who was much better than those around him could easily still wind up with 

a disenchanted or angry workforce.  If that boss was a foreigner, this disenchantment 

could come all the more quickly. 

Poor and landless workers straddling the beginning of the twentieth century in 

the Mexican Yucatan were living under a social regime that could advantage both of 

their most basic needs, and their desire to celebrate happy occasions. Births, and 

weddings, and land to farm became the mechanisms by which Maya, sometimes inter-

generationally, were trapped in a cycle of debt.   

Access to a few exotic luxuries certainly blunted some of the harshness, but 

likely did little more.  Aguardiente, the drink the laborers in this dissertation toiled to 
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produce, was sometimes drank to quiet, or excuse the expression of, frustrations (Wells 

and Joseph 1996).   

Patterns of worker control and oversight based on the varied ownership 

structures between the three sites in the Yalahau region did not emerge from the data.  

Perhaps, had worker housing areas been identified these patterns who have been 

apparent.  What did seem to make a difference was the proximity to settlements with 

markets.  Whether direct or meditated through the company store, closeness to town did 

seem to allow workers access to more variety.   

Where the difference is more apparent is between the Yalahau sugar production 

sites, especially San Eusebio and San Antonio Xuxub, versus San Pedro Siris in Belize.  

The point of comparison is not distance to markets directly.  Here the differences are 

the level of autonomy that the San Pedro Maya demanded within the colonial system, 

and their greater access to greater disposable income in the form of currency.   

The people at San Antonio Xuxub and San Pedro Siris residents shared the need 

to use water courses for efficient travel (Church, et al. 2010; Dornan 2004; Sullivan 

2004).  Robert L. Stephens ensured that ground travel away from San Antonio Xuxub 

was impossible, and for good reason in retrospect from a security point of view 

(Sullivan 2004).  Securing the site against attackers also had the effect of securing the 

workforce within the operation’s lands. Without a boat of some kind the distance 

between workers and the towns and markets elsewhere was magnified greatly.  The 

rivers of the southern portion of the Yucatán acted in the opposite way for the Maya of 

San Pedro Siris (and presumably other San Pedro Maya settlements), because they had 
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access to a boat to travel to and transport goods back from Belize City (Church, et al. 

2010; Sullivan 2004).  The people of San Pedro Siris also appear to have had greater 

disposable income, and did have access to legal tender (both from work as lumber 

cutters and from rents/ransoms demanded from the lumber companies) (Dornan 2004; 

Yaeger, et al. 2002; Yaeger, et al. 2004; Yaeger, et al. 2003) instead of the company 

scrip common at haciendas and used (Meyers and Carlson 2002:229; Rivero 1999:30; 

Wells 1985:158, at least, at San Eusebio (See Figure 9.2).   So even if the debt peonage 

system was waning by ca. 1910 (as implied by the labor records from San Eusebio; 

Chapter 5, this work), or had never taken full root in the Yalahau region at all, low 

wages and wages paid in company scrip did act to curtail the ability of sugar workers in 

the Yalahau to access outside goods.  This impinged on their ability to purchase 

consumer goods both measured by goods and variety, but would have also limited the 

ability of a worker to purchase tools and supplies for cottage industries that could 

supplement their income.  Low wages, paid in company scrip, represent a barrier to 

leaving the area both because the worker could not save enough to put together a nest 

egg and because any savings were unusable elsewhere. 

The San Eusebio labor records from 1909-1910 (Chapter 5, this work) are the 

only proof positive found thus far indicating that non-Cuban foreign laborers were 

working in the area.  These records (see also González 2014) also indicate that as late 

as 1910 there was a labor shortage in the area in which the El Cuyo Company operated 

(Yalahau region and west along the coast, at least to the town of El Cuyo; Figure 4.1) 

that was addressed through immigrant labor.   
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Aguardiente and henequen went hand in hand in the late nineteenth and early 

twentieth century Mexican Yucatán. The sale and consumption of the liquor drove, in 

part, the labor and debt system that the henequen trade was based on (Alston, et al. 

2009; Joseph and Wells 1996; Rugeley 1998).  The henequen trade brought ships to 

Yucatán giving aguardiente makers access to new technology.  Workers in the Yalahau 

region that were restricted to small areas due to debts or lack of funds to leave were the 

victims of international processes that affected small farmers in the United States who 

were having to compete with larger farms that were mechanizing. Even with still non-

capitalist social elements apparent on haciendas, the Mexican Yucatán had been 

enveloped with in the world capitalist system. 

 

Final Considerations and Future Research 

 

 One consideration for future historic archaeology in the Yalahau region is how 

sites like San Eusebio, Rancho Aznar and San Antonio Xuxub should be categorized.  

Haciendas in Yucatán state tended to have a bounding wall, a large house for the owner 

(that was often used only infrequently), and some machinery for such tasks as rasping 

henequen leaves.  Wolf and Minsk, acknowledging ambiguity in how the term is used, 

define a hacienda as “an agricultural estate, operated by a dominant land-owner and a 

dependent labour force, organized to supply a small-scale market by means of scarce 

capital, in which the factors of production are employed not only for capital 

accumulation but also to support the status aspirations of the owner” (1957:380).  The 
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“haciendas” in the Yalahau region do not fit either the on-the-ground description or 

Wolf and Minsk’s definition.  The infrastructure of haciendas from the Yucatán is not 

there, nor is indication that the Yalahau region were operated in order to attain social 

status beyond that that comes with capital accumulation.   San Eusebio is somewhat 

different in that it has large machinery but was not owned by a dominant landowner, or 

landowning family, but by a joint-stock corporation (González 2014; Joseph and Wells 

1996). More generic terms like “operations” or simply “sites” tend to downplay their 

similarities but calling them haciendas implies more similarity to sites in Yucatán state 

and elsewhere that the physical remains warrant. The term “rancho” would seem to be 

an option because of the small size of some sites (San Eusebio may still be a problem), 

but ranchos were notable for their small labor force.  That is not the case with San 

Eusebio, Rancho Aznar or San Antonio Xuxub.  So what are the sites in the Yalahau 

region to be called?   

 The failure of the phosphate testing is a tangentially related issue as previous 

applications of phosphate testing in archaeology have tended to focus on sites with long 

occupation or that have infrastructure that bounds space.  In this case (see Chapter 6) 

phosphate testing was no more useful than shovel probing to identify and delineate 

activity areas.  The choice to use the Mehlich II method was originally based in the 

need to complete the analysis in the field, and for comparability to other archaeological 

fieldwork.  The former proved impracticable.  The soil pH levels at San Antonio Xuxub 

were unexpectedly high, at or even beyond, the ideal for the Mehlich II method.  PH 
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levels were not a concern at either San Eusebio or Rancho Aznar and yielded similarly 

inconclusive results.  

It may be that infrastructure guiding and constraining activity contributed to 

Allan Meyers and colleges better results at Hacienda Tabi (Meyers 2012; Meyers, et al 

2008).  A method for identifying where homes built solely of perishable material would 

be invaluable at historic sites in the Yalahau region.  One possibility is inductively 

coupled plasma atomic emission spectroscopy (ICP-AES) multi-elemental analysis 

which may provide patterns when more elements are analyzed in addition to 

phosphorous.  It may be impossible to develop a viable method for prospection unless 

and until a known housing area is identified and can be investigated through multiple 

means.  

 There are a number of potential future historical archeology projects with in the 

Yalahau region.  San Eusebio is just one of the fincas of the El Cuyo Company and the 

other job sites would provide interesting comparative studies.  A study of chicle and 

logwood extraction could yield insights into extractive industry in the area.  Finally, a 

study of the settlement around the church at Boca Iglesias may show how the Maya of 

the area coped with, and resisted, Spanish Conquest before the site was abandoned a 

few centuries later.  Projects like these may help us better understand an area that has 

been for so long, both the middle of nowhere and close to ancient trade routes. 
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APPENDIX A : HUMAN SUBJECT RESEARCH PROTOCOLS 
 

Internal Review Board Documents for 2012 Fieldwork from University of 
California, Riverside 
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Internal Review Board Documents for 2012 Fieldwork from Trinity University 
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Internal Review Board Documents for 2015 Fieldwork from University of 
California, Riverside 
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Internal Review Board Documents for 2015 Fieldwork from Trinity University 
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APPENDIX B : NUMBERS ASSIGNED TO OPERATIONS 
 

 

 
Table  B.1: Description of each operation and number assigned to it. 

Operation Site Description  

1 San Eusebio Shovel Probes 

2 San Eusebio 
Soil samples collected from Operation 1 
shovel probes 

3 San Eusebio 
Opportunistic surface collection outside 
of Operation 4 surface collection area 

4 San Eusebio Operation 4 systematic surface collection 
5 San Eusebio Excavation units south of company store 

6 San Eusebio 
Excavation units within probable 
manager’s house area  

7 San Eusebio 

Excavation units located just outside 
doorway of (west of) company 
store/store house/distillery building  

8 San Eusebio 
Soil samples collected in between and 
around Operation 5 excavation units 

9 
Reserved for San 
Eusebio Not used 

10 
Reserved for San 
Eusebio Not used 

11 Rancho Aznar Shovel Probes 

12 Rancho Aznar 
Soil collected samples from Operation 
11 shovel probes 

13 Rancho Aznar Excavation Units 
14 Rancho Aznar Surface Collection 

15 
Reserved for Rancho 
Aznar Not used 

16 
Reserved for Rancho 
Aznar Not used 

17 
Reserved for Rancho 
Aznar Not used 

18 
Reserved for Rancho 
Aznar Not used 

19 
Reserved for Rancho 
Aznar Not used 

20 San Antonio Xuxub Shovel Probes 
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21 San Antonio Xuxub 
Soil samples collected from Operation 
20 shovel probes 

22 San Antonio Xuxub Surface collection conducted in 2014 

23 San Antonio Xuxub 
Excavation units in manager's 
house/distillery area 

24 
Reserved for San 
Antonio Xuxub Not used 

25 San Antonio Xuxub 
Soil samples collected in between and 
around Operation 23 excavation units 

26 San Antonio Xuxub Surface collection conducted in 2011 
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APPENDIX C : FIELD FORMS 
 

 

Photographic Log 
 

 

                      
Roll 
No.   Date Started  Camera    Site  
             
       Page    of      
             

Photo Direction  Slope Description             

                

                      

                      

                      

                      

                      

                      

                      

                      

                      

                      

                      

                      

                      

                      
Figure C.1: Example of photographic log used during fieldwork and laboratory analysis. 

Field Specimen Check-In Form 
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Figure C.1: Check-in sheet used to track collected materials. 
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Shovel Probe Recording Form 
 

 

 

 
Figure C.1: Shovel probe recording form. Form used to record shovel probe depth, soil, and artifact 
data. 
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Excavation Unit Lot Form 
 

 

 
Figure C.1: Excavation level recording form used to record excavation data in excavation units. 
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Soil Analysis Data Recording Form 
 

 

N
ot

es
 

              

R
ea

di
ng

 

              

D
il

ut
io

n 

              

M
et

er
 

              

D
at

e 

              

L
ot

 

              

S
ub

op
er

at
io

n 

              

O
pe

ra
ti

on
 

              
Figure C.1:  Form used to record soil phosphate and pH readings during laboratory 
analysis. 
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APPENDIX D :  SHOVEL PROBE AND SOIL PROFILE 
DATA 

 

 

San Eusebio, Rancho Aznar, and San Eusebio Shovel Probe Depth and Soil Data 
 

 

 
Table  D.1:  Shovel probe final depths and soil descriptions. 
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1 A 1 27 10YR3/1 dark, black highly organic soil 
1 A 2 23 10YR3/1 dark, black highly organic soil 
1 A 3 23 10YR3/1 dark, black highly organic soil 

1 A 4 10 10YR3/1 
dark, black highly organic soil; more 
shallow than elsewhere 

1 A 5 4 10YR3/1 dark, black highly organic soil 
1 A 6 20 10YR3/1 dark, black highly organic soil 
1 A 7 17 7.5YR4/1 dark, black highly organic soil 
1 A 8 14 7.5YR4/1 dark, black highly organic soil 
1 A 9 18 10YR3/1 dark, black highly organic soil 
1 A 10 15 10YR3/1 dark, black highly organic soil 

1 A 11 27 10YR3/1 

dark, black highly organic soil; bedrock 
more fragmented likely due to root 
action 

1 A 12 14 10YR3/1 dark, black highly organic soil 
1 A 13 12 10YR3/1 dark, black highly organic soil 
1 A 14 19 10YR3/1 dark, black highly organic soil 
1 A 15 21 10YR3/1 dark, black highly organic soil 
1 A 16 22 10YR3/1 dark, black highly organic soil 
1 A 17 20 10YR3/1 dark, black highly organic soil 
1 A 18 20 10YR3/1 dark, black highly organic soil 
1 A 19 21 10YR3/1 dark, black highly organic soil 
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1 A 20 18 10YR3/1 dark, black highly organic soil 
1 A 21 16 7.5YR4/1 dark, black highly organic soil 
1 A 22 14 10YR3/1 dark, black highly organic soil 
1 A 23 17 10YR3/1 dark, black highly organic soil 
1 A 24 17 10YR3/1 dark, black highly organic soil 
1 A 25 17 10YR3/1 dark, black highly organic soil 
1 A 26 22 7.5YR4/1 dark, black highly organic soil 

1 B 1 15 7.5YR4/1 
shallow brown soil with high organic 
content 

1 B 2 28 7.5YR4/1 
dark brown soil with many organics and 
fleck of limestone 

1 B 3 8 7.5YR4/1 
dark brown soil with many organics and 
fleck of limestone; very shallow 

1 B 4 17 7.5YR4/1 
dark brown soil with many organics and 
fleck of limestone 

1 B 5 17 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 6 22 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; very gravelly 

1 B 7 25 7.5YR4/1 

soil is brown in color with moderate 
organic matter; clay loam; moderate 
gravels 

1 B 8 18 10YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 9 20 10YR3/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 10 21 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 11 22 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 12 22 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 13 23 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 14 4 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 15 12 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 
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1 B 16 22 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 17 19 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 18 20 10YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 19 19 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 20 19 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 21 18 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 22 17 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 23 21 10YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 24 18 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 25 20 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 26 19 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 27 20 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 28 26 7.5YR5/2 

soil is brown in color with moderate 
organic matter; clay loam; decayed 
limestone starts at 16 cm 

1 B 29 23 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 30 20 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 31 20 10YR3/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 32 21 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 33 19 10YR3/1 

soil is brown in color with moderate 
organic matter; clay loam; limestone at 9 
cm 
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1 B 34 14 7.5YR4/1 
Soil is brown in color with moderate 
organic matter; clay loam; 

1 B 35 10 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 36 16 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 37 13 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 38 16 10YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 39 20 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 40 16 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 41 21 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 42 28 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 43 20 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 44 23 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 45 16 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 46 25 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 47 13 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 48 20 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 49 20 7.5YR5/2 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 50 22 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 51 23 7.5YR4/1 
soil is brown in color with moderate 
organic matter; clay loam; 

1 B 52 12 10YR5/3 
gray, ashy colored soil with high 
limestone content and shallow bedrock 
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1 B 53 16 10YR5/3 
gray, ashy colored soil with high 
limestone content and shallow bedrock 

1 C 1 21 7.5YR4/1 
soil is moist, dark brown and well-
developed 

1 C 2 24 7.5YR4/1 
soil is moist, dark brown and well-
developed 

1 C 3 20 7.5YR4/1 
soil is moist, dark brown and well-
developed 

1 C 4 28 10YR3/1 
soil is moist, dark brown and well-
developed 

1 C 5 26 7.5YR4/1 
soil is moist, dark brown and well-
developed 

1 C 6 30 10YR3/1 
soil is moist, dark brown and well-
developed 

1 C 7 18 10YR3/1 
soil is moist, dark brown and well-
developed 

1 C 8 18 10YR3/1 
soil is moist, dark brown and well-
developed 

1 C 9 20 10YR3/1 
soil is moist, dark brown and well-
developed 

1 C 10 18 10YR3/1 same as SP 12; in (natural?) depression 

1 C 11 28 10YR3/1 
soil is hard and undeveloped, ashy in 
color 

1 C 12 24 10YR3/1 
soil is moderately hard and undeveloped, 
ashy in color 

1 C 13 12 7.5YR4/1 
soil is hard and undeveloped, ashy in 
color 

1 C 14 17 7.5YR4/1 dark brown hard developed soil 
1 C 15 19 7.5YR4/1 dark brown hard developed soil 

1 C 16 13 7.5YR4/1 
brown hard developed soil; possible cut 
stone in probe 

1 C 17 30 7.5YR4/1 brown clayey, crumbly, soil to bedrock 

1 C 18 52 7.5YR4/1 
brown clayey, crumbly, soil to bedrock; 
with ashy top 10 cm 

1 C 19 25 7.5YR4/1 brown clayey, crumbly, soil to bedrock 
1 C 20 30 7.5YR4/1 brown clayey, crumbly, soil to bedrock 
1 C 21 39 10YR3/1 brown clayey, crumbly, soil to bedrock 
1 C 22 36 10YR3/1 brown clayey, crumbly, soil to bedrock 

1 C 23 41 10YR3/1 

black clay soil until about 15 cm below 
modern ground surface then soil turns 
brown; same texture 
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1 C 24 42 10YR3/1 

black clay soil until about 20 cm below 
modern ground surface then soil turns 
brown; same texture 

1 C 25 50 10YR4/1 
ashy-colored, crumbly soil with 
limestone inclusions 

1 C 26 50 7.5YR4/1 
brown, crumbly, well-developed soil 
with limestone inclusions 

1 C 27 18 7.5YR4/1 ashy soil with shallow bedrock 
1 C 28 48 10YR3/1 brown and very clayey, few inclusions 

1 C 29 50 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 30 50 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 31 31 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 32 28 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 33 33 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 34 39 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 35 24 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 36 25 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 37 9 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 38 23 10YR3/1 

dark brown soil with limestone 
inclusions, much shallower than 
surrounding area 

1 C 39 15 10YR3/1 

dark brown soil with limestone 
inclusions, shallower than surrounding 
area 

1 C 40 42 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 41 44 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 42 44 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 43 54 10YR3/1 
dark brown soil with increasing 
limestone inclusions compared to nearby 
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1 C 44 43 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 45 45 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 46 15 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 47 8 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 48 15 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 49 15 7.5YR4/1 
dark brown soil with limestone 
inclusions 

1 C 50 17 10YR3/1 
dark brown soil with limestone 
inclusions 

1 C 51 35 7.5YR4/1 black, highly organic soil 
1 C 52 20 7.5YR4/1 black, highly organic soil 

1 C 53 29 10YR3/1 
dark, crumbly, ashy soil, shallower than 
nearby 

1 C 54 5 10YR3/1 
dark, crumbly, ashy soil with large 
limestone fragments near surface 

1 C 55 22 10YR3/1 
dark, crumbly, ashy soil, shallower than 
nearby 

1 C 56 40 7.5YR4/1 
dark brown with large limestone 
inclusions; very shallow 

1 C 57 48 7.5YR4/1 
dark brown with large limestone 
inclusions 

1 C 58 23 7.5YR4/1 
brown soil with 6 cm organic layer at 
surface 

1 C 59 24 10YR3/1 
brown soil with 6 cm organic layer at 
surface 

1 C 60 17 10YR3/1 
brown soil with 6 cm organic layer at 
surface 

1 C 61 30 10YR3/1 
ashy gray soil with many small 
limestone inclusions 

1 C 62 20 7.5YR4/1 brown, clayey soil 
1 C 63 18 10YR3/1 brown, clayey soil 
1 C 64 30 10YR3/1 brown, clayey soil 
1 C 65 27 10YR3/1 brown, clayey soil 

1 C 66 46 10YR3/1 
heavy clay, black through first 12 cm 
then brown 

1 C 67 45 10YR3/1 brown, clayey soil 
1 C 68 33 7.5YR4/1 fine, ashy soil 
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1 C 69 35 7.5YR4/1 brown, clayey soil 
1 C 70 24 10YR3/1 dark brown limestone inclusions 
1 C 71 18 7.5YR4/1 ashy gray soil   
1 C 72 15 7.5YR4/1 black soil with shallow limestone 
1 C 73 36 7.5YR4/1 brown, crumbly soil with some ashiness 
1 C 74 27 7.5YR4/1 brown, clayey soil 
1 C 75 21 7.5YR4/1 brown, crumbly soil  
1 C 76 45 7.5YR5/2 ashy, gray soil 
1 C 77 23 7.5YR4/1 ashy, gray soil 
1 C 78 36 10YR3/1 black, highly organic soil 
1 C 79 16 7.5YR4/1 black, highly organic soil 
1 C 80 10 7.5YR4/1 very ashy and very shallow 

1 C 81 42 7.5YR4/1 
dark brown with large limestone 
inclusions; very shallow 

1 C 82 10 7.5YR4/1 
dark brown with large limestone 
inclusions; very shallow 

1 C 83 29 10YR3/1 brown, clayey soil 
1 C 84 22 7.5YR4/1 brown, clayey soil 
1 C 85 20 10YR3/1 brown, clayey soil 
1 C 86 15 10YR3/1 brown, clayey soil 
1 C 87 32 10YR3/1 brown, clayey soil 
1 C 88 32 10YR3/1 brown, clayey soil 
1 C 89 38 10YR3/1 brown, clayey soil 
1 C 90 45 10YR3/1 brown, clayey soil 
1 C 91 39 7.5YR4/1 brown, clayey soil 
1 C 92 42 10YR3/1 brown, clayey soil 
1 C 93 44 7.5YR4/1 brown, clayey soil 
1 C 94 31 10YR3/1 brown, clayey soil 
1 C 95 20 10YR3/1 brown, clayey soil 
1 C 96 45 10YR3/1 brown, fine soil, turns gray when dry 
1 C 97 30 7.5YR4/1 brown, fine soil, turns gray when dry 
1 C 98 32 10YR3/1 brown, fine soil, turns gray when dry 
1 C 99 10 10YR3/1 brown, fine soil, turns gray when dry 

1 C 100 18 10YR3/1 
dark brown soil with many fine 
limestone inclusions 

1 C 101 17 7.5YR4/1 brown, fine soil, turns gray when dry 

1 C 102 3 10YR2/1 
loamy black O horizon, more peat than 
soil 
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1 C 103 18 7.5YR4/1 ashy, gray soil 

1 C 104 28 10YR3/1 
brown, loamy soil with many fine 
limestone inclusions 

1 C 105 6 10YR3/1 brown, loamy soil; very shallow 

1 C 106 22 10YR3/1 
brown loamy soil with moderate 
limestone inclusions 

1 C 107 24 10YR3/1 brown, loamy soil; very shallow 
1 C 108 34 7.5YR4/1 brown, clayey soil 
1 C 109 42 10YR3/1 brown, clayey soil 
1 C 110 29 7.5YR4/1 brown, clayey soil 
1 C 111 25 7.5YR4/1 brown, clayey soil 
1 C 112 42 7.5YR4/1 brown, clayey soil 
1 C 113 24 10YR3/1 brown, clayey soil 
1 C 114 48 10YR3/1 brown, clayey soil 
1 C 115 43 10YR3/1 brown, clayey soil 
1 C 116 35 10YR3/1 brown, clayey soil 

1 C 117 37 10YR3/1 
brown, loamy soil with limestone 
inclusions 

1 C 118 17 10YR3/1 
brown, loamy soil with limestone 
inclusions 

1 C 119 22 10YR3/1 
brown, loamy soil with limestone 
inclusions 

1 C 120 39 7.5YR4/1 
ashy grey soil on top of dark brown, 
bottom 10 cm is bedrock 

1 C 121 29 7.5YR4/1 ashy grey soil on top of dark brown 
1 C 122 38 10YR3/1 brown, loamy soil 
1 C 123 30 7.5YR4/1 brown, loamy soil 
1 C 124 27 10YR3/1 brown, loamy soil 
1 C 125 39 7.5YR4/1 brown, loamy soil 
1 C 126 30 10YR3/1 brown, loamy soil 

1 C 127 29 10YR3/1 
ashy sol-in recently burned area that 
appears to have been burned often 

1 C 128 42 7.5YR4/1 
brown loamy soil with moderate 
limestone inclusions 

1 C 129 36 10YR3/1 
brown loamy soil with moderate 
limestone inclusions 

1 C 130 28 10YR3/1 
brown loamy soil with moderate 
limestone inclusions 

1 C 131 30 7.5YR4/1 
brown loamy soil with moderate 
limestone inclusions 
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1 C 132 30 7.5YR4/1 
brown loamy soil with moderate 
limestone inclusions 

1 C 133 40 7.5YR4/1 dark, brown soil; high clay 
1 C 134 41 7.5YR4/1 dark, brown soil; high clay 
1 C 135 28 7.5YR4/1 dark, brown soil; high clay 
1 C 136 33 10YR3/1 dark, brown soil; high clay 
1 C 137 39 7.5YR4/1 dark, brown soil; high clay 
1 C 138 19 7.5YR4/1 dark, brown soil; high clay 
1 C 139 29 7.5YR4/1 dark, brown soil; high clay 
1 C 140 34 7.5YR4/1 dark, brown soil; high clay 
1 C 141 32 7.5YR4/1 dark, brown soil; high clay 
1 C 142 28 7.5YR4/1 grey, ash-colored soil, 
1 C 143 17 10YR3/1 grey, ash-colored soil, 
1 C 144 34 10YR5/2 grey, ash-colored soil, 
1 C 145 22 7.5YR4/1 grey, ash-colored soil, 

1 C 146 32 10YR5/3 
grey, ash-colored soil, shattered 
limestone at 18 cm below  

1 C 147 30 7.5YR4/2 

grey, ash-colored soil, shattered 
limestone at 18 cm below modern 
ground surface 

1 C 148 36 10YR3/1 dark brown, crumbly soil 
1 C 149 33 7.5YR4/1 dark brown, crumbly soil 
1 C 150 16 10YR3/1 dark brown, crumbly soil 
1 C 151 37 7.5YR4/1 brown, crumbly soil 
1 C 152 20 7.5YR4/1 brown, crumbly soil 

1 C 153 9 
not 
available too shallow for soil sample 

1 C 154 14 10YR3/1 black organic layer on high bedrock 
1 C 155 19 10YR3/1 black crumbly soil 
1 C 156 16 10YR3/1 black crumbly soil 
1 C 157 33 7.5YR4/1 black crumbly soil 
1 C 158 30 10YR3/1 brown, crumbly, clayey soil 

1 C 159 40 7.5YR4/1 
brown, crumbly, clayey soil on top with 
a red clay layer at 13 cm 

1 C 160 30 7.5YR4/1 

dark brown clay soil with crumbly 
limestone at 15 cm below modern 
ground surface 

1 C 161 30 7.5YR4/1 brown, crumbly, clayey soil 
1 C 162 32 7.5YR4/1 too shallow for soil sample 
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1 C 163 38 7.5YR4/1 brown, crumbly, clayey soil 
1 C 164 30 10YR3/1 brown, crumbly, clayey soil 
1 C 165 24 10YR3/1 brown, crumbly, clayey soil 
1 C 166 22 10YR3/1 brown, crumbly, clayey soil 
1 C 167 26 10YR5/2 brown, crumbly, clayey soil 

1 C 168 42 7.5YR4/1 

brown soil with high bedrock; limestone 
starts at 15 cm below modern ground 
surface 

1 C 169 32 7.5YR4/1 brown soil with high bedrock; 
1 C 170 39 7.5YR4/1 brown, crumbly soil 
1 C 171 43 7.5YR4/1 brown, crumbly soil 
1 C 172 42 10YR3/1 brown, crumbly soil 
1 C 173 34 10YR3/1 brown, crumbly soil 
1 C 174 24 10YR3/1 brown, crumbly soil 
1 C 175 13 10YR3/1 black soil, very shallow 
1 C 176 18 10YR3/1 brown, crumbly soil 
1 C 177 33 10YR3/1 brown, crumbly soil 
1 C 178 40 10YR3/1 brown, crumbly soil 
1 C 179 42 10YR3/1 brown, crumbly soil 
1 C 180 39 10YR3/1 brown, crumbly soil 
1 C 181 31 7.5YR4/1 brown, crumbly soil 
1 C 182 40 7.5YR4/1 brown, crumbly soil 
1 C 183 33 7.5YR4/1 brown, crumbly soil 
1 C 184 29 7.5YR4/1 brown, crumbly soil 
1 C 185 34 10YR3/1 brown, crumbly soil 
1 C 186 23 10YR3/1 brown, crumbly soil 
1 C 187 16 10YR3/1 dark humic soil 
1 C 188 24 7.5YR4/1 brown, crumbly soil on high bedrock 
1 C 189 25 7.5YR4/1 brown, crumbly soil 
1 C 190 22 7.5YR4/1 fine, ash-colored soil 
1 C 191 40 7.5YR4/1 brown, crumbly soil 
1 C 192 41 10YR3/1 brown, crumbly soil 
1 C 193 38 7.5YR4/1 brown, crumbly soil 
1 C 194 39 7.5YR4/1 brown, crumbly soil 
1 C 195 37 7.5YR4/1 brown, crumbly soil 
1 C 196 38 7.5YR4/1 brown, crumbly soil 
1 C 197 41 10YR3/1 brown, crumbly soil 
1 C 198 41 7.5YR4/1 brown, crumbly soil 
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1 C 199 37 7.5YR4/1 brown, crumbly soil 
1 C 200 21 10YR3/1 brown, crumbly soil 
1 C 201 38 10YR3/1 brown, crumbly soil 

1 D 1 43 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 2 45 10YR3/1 
gray-brown soil with high bedrock 
fragments 

1 D 3 20 7.5YR4/1 
gray-brown soil with large high bedrock 
fragments 

1 D 4 22 10YR3/1 
gray-brown soil with large high bedrock 
fragments 

1 D 5 20 7.5YR4/1 
gray-brown soil with large high bedrock 
fragments 

1 D 6 40 7.5YR4/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 7 41 7.5YR4/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 8 26 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 9 31 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 10 20 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 11 35 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 12 41 7.5YR4/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 13 44 10YR3/1 
brown, organic, clayey soil with large 
limestone fragments 

1 D 14 47 7.5YR4/1 
brown, organic, clayey soil with large 
limestone fragments 

11 A 1 38 7.5YR3/1 

actual depth is 48 cm-38 cm to sascab; 
brown loam with common limestone 
pebble inclusions 

11 A 2 42 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 3 28 7.5YR3/1 

actual depth is 38 cm-28 cm to sascab; 
brown loam with common limestone 
pebble inclusions 

11 A 4 40 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 
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11 A 5 38 7.5YR3/1 

actual depth is 70 cm-38 cm to sascab; 
brown loam with common limestone 
pebble inclusions-ashier in color than 
surrounding area 

11 A 6 45 7.5YR3/1 

actual depth is 52 cm-45 cm to sascab; 
brown loam with common limestone 
pebble inclusions-ashier in color than 
surrounding area 

11 A 7 37 7.5YR3/1 

brown loam with common limestone 
pebble inclusions-ashier in color than 
surrounding area 

11 A 8 48 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 9 18 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 10 28 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 11 24 7.5YR3/1 
hard, dark densely packed clay with 
limestone pebbles 

11 A 12 12 7.5YR3/1 

actual depth is 20 cm-12 cm to sascab; 
brown loam with common limestone 
pebble inclusions 

11 A 13 21 7.5YR3/1 
brown loam with common limestone 
pebble inclusions; animal disturbance 

11 A 14 31 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 15 14 7.5YR3/1 
brown loam with common limestone 
pebble inclusions; very shallow 

11 A 16 19 7.5YR3/1 

brown loam with common limestone 
pebble inclusions; depth interpolated as 
not taken originally 

11 A 17 23 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 18 29 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 19 34 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 20 21 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 21 25 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 22 41 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 
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11 A 23 34 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 24 50 7.5YR3/1 

brown loam with common limestone 
pebble inclusions; ashier version of 
surrounding soil 

11 A 25 23 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 26 37 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 27 32 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 28 26 7.5YR3/1 
brown, developed silty clay with a lot of 
ash mixed in  

11 A 29 22 7.5YR3/1 
brown, developed silty clay with a lot of 
ash mixed in  

11 A 30 29 7.5YR3/1 brown developed silty clay 
11 A 31 26 7.5YR3/1 brown developed silty clay 

11 A 32 40 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 33 24 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 34 50 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 35 28 7.5YR3/1 brown developed silty clay 
11 A 36 30 7.5YR3/1 brown developed silty clay 
11 A 37 32 7.5YR3/1 brown developed silty clay 

11 A 38 39 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 39 38 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 40 30 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 41 40 7.5YR3/1 

brown loam with common limestone 
pebble inclusions; depth interpolated-not 
taken originally 

11 A 42 49 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 43 39 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 44 44 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 
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11 A 45 41 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 46 38 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 47 39 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 48 41 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 49 30 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 50 53 7.5YR3/1 
brown clay loam with common 
limestone pebble inclusions 

11 A 51 46 2.5YR3/2 
brown clay loam with common 
limestone pebble inclusions 

11 A 52 40 7.5YR3/1 
brown clay loam with common 
limestone pebble inclusions 

11 A 53 34 2.5YR3/2 
brown clay loam with common 
limestone pebble inclusions 

11 A 54 27 7.5YR3/1 

same color soil as Op11A/1 but more 
developed silty clay with a lot of ash 
mixed in  

11 A 55 28 7.5YR3/1 

same color soil as Op11A/1 but more 
developed silty clay with a lot of ash 
mixed in  

11 A 56 22 7.5YR3/1 

same color soil as Op11A/1 but more 
developed silty clay with a lot of ash 
mixed in  

11 A 57 27 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 58 34 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 59 23 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 60 30 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 61 17 7.5YR3/1 dark, ashy, clay loam 
11 A 62 16 7.5YR3/1 dark, ashy, clay loam 
11 A 63 22 7.5YR3/1 dark, ashy, clay loam 
11 A 64 18 7.5YR3/1 dark, ashy, clay loam 

11 A 65 33 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 
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11 A 66 32 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 67 28 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 68 30 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 69 36 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 70 23 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 71 22 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 72 20 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 73 16 7.5YR3/1 dark, ashy, clay loam; very shallow 
11 A 74 27 7.5YR3/1 dark, ashy, clay loam 
11 A 75 12 7.5YR3/1 dark, ashy, clay loam 

11 A 76 17 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 77 40 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 78 31 2.5YR3/2 
brown loam with common limestone 
pebble inclusions; with some ash 

11 A 79 23 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 80 20 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 81 50 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 82 46 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 83 32 7.5YR3/1 light brown, ashy, clay loam 
11 A 84 26 7.5YR3/1 light brown, ashy, clay loam 

11 A 85 40 7.5YR3/1 
brown loam with many limestone pebble 
inclusions 

11 A 86 27 7.5YR3/1 
brown loam with many limestone pebble 
inclusions 

11 A 87 29 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 88 37 7.5YR3/1 

actually 48 cm deep-37 cm to bedrock; 
brown loam with common limestone 
inclusions 
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11 A 89 17 7.5YR3/1 

actually 28 cm deep-17 cm to bedrock; 
brown loam with common limestone 
pebble inclusions 

11 A 90 30 7.5YR3/1 

actually 38 cm deep-30 cm to bedrock; 
ashy brown loam with common 
limestone pebble inclusions 

11 A 91 41 2.5YR3/2 
ashy, brown loam with common 
limestone pebble inclusions 

11 A 92 43 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 93 42 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 94 40 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 95 22 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 96 24 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 97 30 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 98 25 7.5YR3/1 

actual depth 37 cm-25 cm to bedrock; 
brown loam with many limestone pebble 
inclusions 

11 A 99 29 7.5YR3/1 
ashy brown loam with common 
limestone pebble inclusions 

11 A 100 36 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 101 46 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 102 48 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 103 52 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 104 46 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 105 40 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 106 43 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 107 48 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 
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11 A 108 35 7.5YR3/1 

actual depth 46 cm-35 cm to bedrock; 
brown loam with many limestone pebble 
inclusions 

11 A 109 26 7.5YR3/1 

actual depth 32 cm-26 cm to bedrock; 
brown loam with many limestone pebble 
inclusions 

11 A 110 46 7.5YR3/1 
dark brown loam with common 
limestone pebble inclusions 

11 A 111 49 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 112 48 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 A 113 48 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 114 43 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 115 44 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 116 40 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 A 117 34 7.5YR3/1 

actual depth 42 cm-34 cm to bedrock; 
ashy brown loam with common 
limestone pebble inclusions 

11 A 118 30 7.5YR3/1 

actual depth 38 cm-30 cm to bedrock; 
ashy brown loam with common 
limestone pebble inclusions 

11 A 119 22 7.5YR3/1 

actual depth 31 cm-22 cm to bedrock; 
ashy brown loam with common 
limestone pebble inclusions 

11 B 1 42 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 2 43 2.5YR3/2 

actually 64 cm-43 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 3 46 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 4 43 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 5 46 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 6 45 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 
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11 B 7 38 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 8 40 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 9 41 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 10 50 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 11 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 12 46 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 13 50 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 14 49 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 15 40 2.5YR3/2 

actually 46 cm-40 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 16 26 7.5YR3/1 

actually 45 cm-26 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 17 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 18 44 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 19 45 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 20 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 21 30 2.5YR3/2 

actually 52 cm-30 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 22 51 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 23 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 
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11 B 24 29 2.5YR3/2 

actually 40 cm-29 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 25 46 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 26 44 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 27 50 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 28 39 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 29 22 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 30 39 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 31 22 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 32 20 7.5YR3/1 
actually 39 cm-20 cm to bedrock; dark 
brown clay loam 

11 B 33 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 34 34 2.5YR3/2 

actually 50 cm-34 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 35 42 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 36 53 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 37 42 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 38 47 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 39 53 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 40 28 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 41 31 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 
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11 B 42 20 2.5YR3/2 

actually 36 cm-20 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 43 46 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 44 32 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 45 30 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 46 50 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 47 38 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 48 50 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 49 40 2.5YR3/2 

reddish brown loam with common 
limestone pebble inclusions and 
fragmented limestone 

11 B 50 44 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 51 30 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 52 40 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 53 35 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 54 31 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 55 42 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 56 40 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 57 42 2.5YR3/2 
reddish brown loam with common 
limestone pebble inclusions 

11 B 58 41 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 59 42 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 



424 
 

11 B 60 32 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 61 50 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 62 31 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 B 63 35 7.5YR3/1 

actually 41 cm-35 cm to bedrock; 
reddish brown loam with common 
limestone pebble inclusions 

11 B 64 30 7.5YR3/1 
reddish brown loam with common 
limestone pebble inclusions 

11 C 1 50 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 C 2 42 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 C 3 36 7.5YR3/1 
brown loam with common limestone 
pebble inclusions 

11 C 4 40 7.5YR3/1 brown clay loam   
11 C 5 35 7.5YR3/1 brown clay loam   
11 C 6 40 2.5YR3/2 brown clay loam   

11 C 7 40 2.5YR3/2 
very densely packed brown loam with 
common limestone pebble inclusions 

11 C 8 40 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 C 9 43 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

11 C 10 40 2.5YR3/2 
brown loam with common limestone 
pebble inclusions 

20 A 1 34 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 2 49 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 3 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 4 43 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 5 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 6 37 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 
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20 A 7 42 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 8 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 9 33 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 10 44 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 11 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 12 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 13 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 14 43 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 15 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 16 50 Gley 2.5/N 

light gray clay below 33 cm below 
modern ground surface; top is hard, dark 
densely packed clay with limestone 
pebbles 

20 A 17 44 Gley 2.5/N 

light gray clay below 24 cm below 
modern ground surface; top is hard, dark 
densely packed clay with limestone 
pebbles 

20 A 18 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 19 35 Gley 2.5/N 

light gray clay below 20 cm below 
modern ground surface; top is hard, dark 
densely packed clay with limestone 
pebbles 

20 A 20 39 Gley 2.5/N 

light gray clay below 18 cm below 
modern ground surface; top is hard, dark 
densely packed clay with limestone 
pebbles 

20 A 21 41 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 22 35 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 23 40 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles; gray clay starts at 28 
cm 
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20 A 24 44 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles; gray clay starts at 18 
cm 

20 A 25 43 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles-more clay than in 
surrounding area 

20 A 26 29 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles-more clay than in 
surrounding area 

20 A 27 36 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 28 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 29 43 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 30 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 31 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 32 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 33 32 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 34 33 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 35 33 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 36 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 37 24 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 38 37 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 39 36 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 40 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 A 41 44 Gley 2.5/N 

light gray clay below 30 cm below 
modern ground surface; top is hard, dark 
densely packed clay with limestone 
pebbles 

20 B 1 28 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 



427 
 

20 B 2 38 7.5YR2.5/1 

actually 48 cm deep-38 cm to bedrock; 
hard, dark densely packed clay with 
limestone pebbles 

20 B 3 50 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 4 38 Gley 2.5/N 

actually 49 cm deep-38 cm to bedrock; 
hard, dark densely packed clay with 
limestone pebbles 

20 B 5 48 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 6 52 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 7 49 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles, with 10 cm-20 cm 
cobbles 

20 B 8 41 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 9 40 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 10 49 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 11 36 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 12 44 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 13 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 14 50 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 15 56 7.5YR2.5/1 

hard, dark densely packed clay with 
limestone pebbles to 26 cm below 
modern ground surface; brown, clayey 
sandy soil with many small limestone 
inclusions 

20 B 16 52 7.5YR2.5/1 

hard, dark densely packed clay with 
limestone pebbles to 26 cm below 
modern ground surface; brown, clayey 
sandy soil with many small limestone 
inclusions 

20 B 17 32 Gley 2.5/N 

actually 55 cm deep-32 cm to bedrock; 
hard, dark densely packed clay with 
limestone pebbles to 26 cm below 
modern ground surface; brown, clayey 
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sandy soil with many small limestone 
inclusions 

20 B 18 45 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 19 42 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 20 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 21 50 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 22 32 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 23 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 24 41 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 25 28 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 26 46 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 27 50 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 28 44 7.5YR2.5/1 
hard, dark densely packed clay with 
limestone pebbles 

20 B 29 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 30 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 31 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 32 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 33 32 Gley 2.5/N 

hard, dark densely packed clay with 
limestone pebbles; milk glass jar in 
sidewall-approx. 25 cm below modern 
ground surface 

20 B 34 41 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 35 43 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 
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20 B 36 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 37 38 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 38 20 Gley 2.5/N 

actually 40 cm deep-20 cm to bedrock; 
hard, dark densely packed clay with 
limestone pebbles 

20 B 39 38 Gley 2.5/N 

hard, dark densely packed clay with 
more limestone pebbles than surrounding 
area 

20 B 40 45 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 41 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 42 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 B 43 40 Gley 2.5/N 
hard, dark densely packed clay with 
limestone pebbles 

20 C 1 36 10YR3/1 
ashy gray clay loam with common up to 
5 cm stones 

20 C 2 43 Gley 2.5/N 
ashy gray clay loam with common up to 
5 cm stones 

20 C 3 39 Gley 2.5/N 
mid-brown clay loam with common 
pebbles 

20 C 4 34 Gley 2.5/N 
 dark brown clay loam with common 
pebbles 

20 C 5 32 10YR3/1 
 dark brown clay loam with common 
pebbles 

20 C 6 32 7.5YR2.5/1 
 dark brown clay loam with common 
pebbles 

20 C 7 33 7.5YR2.5/1 
 dark brown clay loam with common 
pebbles 

20 C 8 38 Gley 2.5/N 
 dark brown clay loam with common 
pebbles 

20 C 9 40 Gley 2.5/N 
 dark brown clay loam with common 
pebbles 

20 C 10 40 10YR3/1 
fine, ash-colored soil with possible 
construction stone 

20 C 11 42 10YR3/1 
fine, ash-colored soil with possible 
construction stone 

20 C 12 38 10YR3/1 
mid-brown clay loam with common 
pebbles 
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20 C 13 32 10YR3/1 
ashy gray clay loam with common up to 
5 cm stones 

20 C 14 36 10YR3/1 
ashy gray clay loam with common up to 
5 cm stones 

20 C 15 33 Gley 2.5/N 
mid-brown clay loam with common 
pebbles 

20 C 16 32 10YR3/1 
mid-brown clay loam with common 
pebbles 

20 C 17 30 10YR3/1 
 dark brown clay loam with common 
pebbles 

20 C 18 36 10YR3/1 
mid-brown clay loam with common 
pebbles 

20 C 19 30 10YR3/1 
mid-brown clay loam with common 
pebbles 
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APPENDIX E : SOIL PROFILES 
 
 

 
 

 
Figure E.1: Soil Profiles for Operation 5, Suboperations A (north and east 
walls), B (east wall), and D (south wall). Drawing by author. 
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Figure E.2: Soil Profiles for Operation 5, Suboperations C (north and west walls) and D (north 
and east walls). Drawing by author. 

 

 

 

 
Figure E.3: Soil Profiles for Operation 5, Suboperation F (south and west walls). Drawing by 
author. 
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Figure E.4:  Soil Profiles for Operation 5, Suboperations G (north and west walls) 
and H (north and east walls). Drawing by author. 

 

 

 

 
Figure E.5: San Eusebio Operation 7 Soil Profiles. Drawing by author. 
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Figure E.6: Soil Profiles for Operation 13, Suboperations C (east wall) and D (east wall). 
Drawing by author. 

 

 

 
Figure E.7:  Soil Profiles for Operation 13, Suboperations C (north wall) and D 
(south wall). Drawing by author. 

 

 
 



435 
 

 
Figure E.8: Soil Profiles for Operation 23, Suboperations C (east wall), and D (west wall). Drawing 
by author. 

 

 

 
Figure E.9: Soil Profiles for Operation 23, Suboperations A (north wall), B (north and east 
walls), and D (east and south walls). Drawing by author. 
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Figure E.8: Soil Profiles for Operation 23, Suboperations A (west wall), C (west and north 
walls). 
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APPENDIX F : SOIL PHOSPHATE/PH READINGS 
 

 

Phosphate and pH Reading for samples used in Phosphate Analysis (All Near 
Surface Samples) 

 

 
Table  F.1: Near-surface sample phosphate and pH readings. 
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San Eusebio 2 A 1 37 8.19 
San Eusebio 2 A 2 51 8.11 
San Eusebio 2 A 3 10 8.14 
San Eusebio 2 A 4 22 8.42 
San Eusebio 2 A 6 29 8.35 
San Eusebio 2 A 7 36 8.18 
San Eusebio 2 A 8 54 8.31 
San Eusebio 2 A 9 15 8.76 
San Eusebio 2 A 10 34 8.04 
San Eusebio 2 A 11 21 8.32 
San Eusebio 2 A 12 6 8.57 
San Eusebio 2 A 13 56 8.07 
San Eusebio 2 A 14 24 8.35 
San Eusebio 2 A 15 36 8.18 
San Eusebio 2 A 16 12 8.09 
San Eusebio 2 A 17 54 8.17 
San Eusebio 2 A 18 23 8.42 
San Eusebio 2 A 19 33 8.16 
San Eusebio 2 A 20 51 8.17 
San Eusebio 2 A 21 107 8.56 
San Eusebio 2 A 22 50 8.18 
San Eusebio 2 A 23 80 8.01 
San Eusebio 2 A 24 41 8.30 
San Eusebio 2 A 25 65 8.40 
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San Eusebio 2 A 26 36 8.07 
San Eusebio 2 B 1 not available not available 
San Eusebio 2 B 2 24 8.24 
San Eusebio 2 B 4 32 8.08 
San Eusebio 2 B 5 12 8.47 
San Eusebio 2 B 6 40 8.21 
San Eusebio 2 B 7 not available 8.24 
San Eusebio 2 B 8 22 8.54 
San Eusebio 2 B 9 50 8.23 
San Eusebio 2 B 10 70 8.09 
San Eusebio 2 B 11 58 8.37 
San Eusebio 2 B 12 13 8.19 
San Eusebio 2 B 13 55 8.61 
San Eusebio 2 B 15 25 8.60 
San Eusebio 2 B 16 68 8.19 
San Eusebio 2 B 17 19 8.18 
San Eusebio 2 B 18 20 8.38 
San Eusebio 2 B 19 35 8.04 
San Eusebio 2 B 20 48 8.09 
San Eusebio 2 B 21 56 8.64 
San Eusebio 2 B 22 77 8.29 
San Eusebio 2 B 23 31 8.26 
San Eusebio 2 B 24 45 8.03 
San Eusebio 2 B 25 45 8.29 
San Eusebio 2 B 26 21 8.40 
San Eusebio 2 B 27 66 8.32 
San Eusebio 2 B 28 14 8.38 
San Eusebio 2 B 29 45 8.57 
San Eusebio 2 B 30 56 8.44 
San Eusebio 2 B 31 7 8.63 
San Eusebio 2 B 32 22 8.16 
San Eusebio 2 B 33 22 8.09 
San Eusebio 2 B 34 57 8.37 
San Eusebio 2 B 35 48 8.43 
San Eusebio 2 B 36 26 8.21 
San Eusebio 2 B 37 50 8.29 
San Eusebio 2 B 38 37 8.39 
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San Eusebio 2 B 39 65 8.63 
San Eusebio 2 B 40 62 8.08 
San Eusebio 2 B 41 17 8.36 
San Eusebio 2 B 42 47 8.55 
San Eusebio 2 B 43 104 8.16 
San Eusebio 2 B 44 120 8.63 
San Eusebio 2 B 45 63 8.28 
San Eusebio 2 B 46 35 8.44 
San Eusebio 2 B 47 35 8.42 
San Eusebio 2 B 48 9 8.05 
San Eusebio 2 B 49 43 8.22 
San Eusebio 2 B 50 70 8.50 
San Eusebio 2 B 51 75 8.25 
San Eusebio 2 B 52 62 8.37 
San Eusebio 2 B 53 39 8.23 
San Eusebio 2 C 1 53 7.19 
San Eusebio 2 C 2 94 7.62 
San Eusebio 2 C 3 53 7.31 
San Eusebio 2 C 4 55 7.88 
San Eusebio 2 C 5 51 8.10 
San Eusebio 2 C 6 13 8.20 
San Eusebio 2 C 7 31 8.26 
San Eusebio 2 C 8 41 8.35 
San Eusebio 2 C 9 20 8.14 
San Eusebio 2 C 10 53 8.13 
San Eusebio 2 C 11 53 7.86 
San Eusebio 2 C 12 46 8.24 
San Eusebio 2 C 13 50 8.49 
San Eusebio 2 C 14 14 8.74 
San Eusebio 2 C 15 56 8.21 
San Eusebio 2 C 16 35 8.26 
San Eusebio 2 C 17 not available 8.26 
San Eusebio 2 C 18 39 7.82 
San Eusebio 2 C 19 9 8.29 
San Eusebio 2 C 20 44 8.57 
San Eusebio 2 C 21 63 7.96 
San Eusebio 2 C 22 63 8.20 
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San Eusebio 2 C 23 70 8.25 
San Eusebio 2 C 24 19 8.31 
San Eusebio 2 C 25 29 8.30 
San Eusebio 2 C 26 61 8.19 
San Eusebio 2 C 27 45 8.35 
San Eusebio 2 C 28 28 8.33 
San Eusebio 2 C 29 48 8.55 
San Eusebio 2 C 30 12 8.13 
San Eusebio 2 C 31 50 8.17 
San Eusebio 2 C 32 86 8.42 
San Eusebio 2 C 33 41 8.63 
San Eusebio 2 C 34 32 8.51 
San Eusebio 2 C 35 49 7.94 
San Eusebio 2 C 36 67 8.08 
San Eusebio 2 C 38 48 8.13 
San Eusebio 2 C 39 28 7.99 
San Eusebio 2 C 40 62 8.19 
San Eusebio 2 C 41 73 8.44 
San Eusebio 2 C 42 54 8.25 
San Eusebio 2 C 43 42 8.54 
San Eusebio 2 C 44 57 8.29 
San Eusebio 2 C 45 47 8.38 
San Eusebio 2 C 46 37 8.32 
San Eusebio 2 C 48 68 8.11 
San Eusebio 2 C 49 68 8.11 
San Eusebio 2 C 50 42 8.04 
San Eusebio 2 C 51 20 8.13 
San Eusebio 2 C 52 30 8.41 
San Eusebio 2 C 53 35 8.31 
San Eusebio 2 C 55 63 8.18 
San Eusebio 2 C 56 66 8.51 
San Eusebio 2 C 57 30 8.53 
San Eusebio 2 C 58 11 7.46 
San Eusebio 2 C 59 11 8.13 
San Eusebio 2 C 60 63 7.61 
San Eusebio 2 C 61 44 7.84 
San Eusebio 2 C 62 31 8.44 
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San Eusebio 2 C 63 24 8.23 
San Eusebio 2 C 64 18 8.21 
San Eusebio 2 C 65 28 8.24 
San Eusebio 2 C 66 6 8.16 
San Eusebio 2 C 67 78 8.16 
San Eusebio 2 C 68 22 8.38 
San Eusebio 2 C 69 87 8.20 
San Eusebio 2 C 70 95 8.11 
San Eusebio 2 C 71 16 8.14 
San Eusebio 2 C 72 81 7.95 
San Eusebio 2 C 73 80 8.32 
San Eusebio 2 C 74 82 8.27 
San Eusebio 2 C 75 90 8.08 
San Eusebio 2 C 76 8 8.42 
San Eusebio 2 C 77 16 8.29 
San Eusebio 2 C 78 56 8.58 
San Eusebio 2 C 79 43 8.03 
San Eusebio 2 C 81 42 8.50 
San Eusebio 2 C 82 23 8.09 
San Eusebio 2 C 83 29 7.81 
San Eusebio 2 C 84 68 7.64 
San Eusebio 2 C 85 28 8.09 
San Eusebio 2 C 86 61 8.06 
San Eusebio 2 C 87 77 8.08 
San Eusebio 2 C 88 19 8.33 
San Eusebio 2 C 89 47 8.05 
San Eusebio 2 C 90 57 8.16 
San Eusebio 2 C 91 54 8.28 
San Eusebio 2 C 92 45 8.16 
San Eusebio 2 C 93 38 8.55 
San Eusebio 2 C 94 43 7.56 
San Eusebio 2 C 95 58 8.10 
San Eusebio 2 C 96 22 8.22 
San Eusebio 2 C 97 75 8.56 
San Eusebio 2 C 98 64 8.30 
San Eusebio 2 C 100 90 8.30 
San Eusebio 2 C 101 6 8.37 
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San Eusebio 2 C 102 not available 7.79 
San Eusebio 2 C 103 5 8.35 
San Eusebio 2 C 104 71 8.20 
San Eusebio 2 C 105 not available not available 
San Eusebio 2 C 106 60 8.36 
San Eusebio 2 C 107 21 7.98 
San Eusebio 2 C 108 23 8.36 
San Eusebio 2 C 109 44 7.68 
San Eusebio 2 C 110 21 8.08 
San Eusebio 2 C 111 32 8.01 
San Eusebio 2 C 112 55 8.12 
San Eusebio 2 C 113 29 8.10 
San Eusebio 2 C 114 42 8.30 
San Eusebio 2 C 115 61 8.19 
San Eusebio 2 C 116 81 8.13 
San Eusebio 2 C 117 84 8.01 
San Eusebio 2 C 118 21 8.29 
San Eusebio 2 C 119 35 8.22 
San Eusebio 2 C 120 2 8.36 
San Eusebio 2 C 121 54 8.33 
San Eusebio 2 C 122 64 8.49 
San Eusebio 2 C 123 55 8.20 
San Eusebio 2 C 124 62 8.33 
San Eusebio 2 C 125 90 8.32 
San Eusebio 2 C 126 16 8.16 
San Eusebio 2 C 127 54 not available 
San Eusebio 2 C 128 27 8.40 
San Eusebio 2 C 129 43 8.22 
San Eusebio 2 C 130 54 8.00 
San Eusebio 2 C 131 43 8.51 
San Eusebio 2 C 132 84 8.06 
San Eusebio 2 C 133 22 7.47 
San Eusebio 2 C 134 not available 7.87 
San Eusebio 2 C 135 not available 7.55 
San Eusebio 2 C 136 52 8.01 
San Eusebio 2 C 137 48 8.09 
San Eusebio 2 C 138 35 8.32 
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San Eusebio 2 C 139 36 8.04 
San Eusebio 2 C 140 68 8.05 
San Eusebio 2 C 141 104 8.08 
San Eusebio 2 C 142 28 8.42 
San Eusebio 2 C 143 31 8.34 
San Eusebio 2 C 144 19 8.30 
San Eusebio 2 C 145 48 8.28 
San Eusebio 2 C 146 3 8.45 
San Eusebio 2 C 147 50 8.31 
San Eusebio 2 C 148 74 8.12 
San Eusebio 2 C 149 40 8.30 
San Eusebio 2 C 150 51 8.44 
San Eusebio 2 C 151 46 8.24 
San Eusebio 2 C 152 44 8.36 
San Eusebio 2 C 154 47 7.94 
San Eusebio 2 C 155 4 8.19 
San Eusebio 2 C 156 82 8.06 
San Eusebio 2 C 157 32 8.05 
San Eusebio 2 C 158 29 7.96 
San Eusebio 2 C 159 51 7.61 
San Eusebio 2 C 160 43 8.31 
San Eusebio 2 C 161 35 8.04 
San Eusebio 2 C 162 not available not available 
San Eusebio 2 C 163 not available not available 
San Eusebio 2 C 164 79 8.11 
San Eusebio 2 C 165 51 8.37 
San Eusebio 2 C 166 13 8.18 
San Eusebio 2 C 167 40 8.21 
San Eusebio 2 C 168 7 8.61 
San Eusebio 2 C 169 44 not available 
San Eusebio 2 C 170 38 8.08 
San Eusebio 2 C 171 44 8.53 
San Eusebio 2 C 172 39 8.01 
San Eusebio 2 C 173 28 8.34 
San Eusebio 2 C 174 39 8.12 
San Eusebio 2 C 176 45 8.05 
San Eusebio 2 C 177 28 8.03 
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San Eusebio 2 C 178 37 8.09 
San Eusebio 2 C 179 29 7.99 
San Eusebio 2 C 180 14 7.68 
San Eusebio 2 C 181 36 8.03 
San Eusebio 2 C 182 42 8.31 
San Eusebio 2 C 183 43 8.05 
San Eusebio 2 C 184 99 8.11 
San Eusebio 2 C 185 73 8.07 
San Eusebio 2 C 186 116 8.04 
San Eusebio 2 C 187 32 8.37 
San Eusebio 2 C 188 54 8.14 
San Eusebio 2 C 189 47 8.58 
San Eusebio 2 C 190 37 8.25 
San Eusebio 2 C 191 41 8.31 
San Eusebio 2 C 192 57 8.12 
San Eusebio 2 C 193 34 8.08 
San Eusebio 2 C 194 42 8.05 
San Eusebio 2 C 195 61 8.13 
San Eusebio 2 C 196 21 8.39 
San Eusebio 2 C 197 40 8.31 
San Eusebio 2 C 198 36 8.31 
San Eusebio 2 C 199 40 8.38 
San Eusebio 2 C 200 16 8.19 
San Eusebio 2 C 201 19 8.04 
San Eusebio 2 D 1 45 8.24 
San Eusebio 2 D 2 65 8.49 
San Eusebio 2 D 3 62 8.39 
San Eusebio 2 D 4 45 8.51 
San Eusebio 2 D 5 26 8.44 
San Eusebio 2 D 6 84 8.28 
San Eusebio 2 D 7 74 8.43 
San Eusebio 2 D 8 75 8.30 
San Eusebio 2 D 9 31 8.39 
San Eusebio 2 D 10 63 8.15 
San Eusebio 2 D 11 63 8.15 
San Eusebio 2 D 12 83 8.19 
San Eusebio 2 D 13 24 8.42 
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San Eusebio 2 D 14 28 8.26 
San Eusebio 5 A 1 41 8.22 
San Eusebio 5 A 1_1 8 8.21 
San Eusebio 5 A 1_2 36 8.19 
San Eusebio 5 A 1_3 2 8.22 
San Eusebio 5 A 1_4 15 8.10 
San Eusebio 5 B 1 18 8.19 
San Eusebio 5 B 1_1 27 8.13 
San Eusebio 5 B 1_2 12 8.24 
San Eusebio 5 C 1_1 47 8.25 
San Eusebio 5 C 1_2 29 8.36 
San Eusebio 5 C 1_3 14 8.25 
San Eusebio 5 C 1_4 49 8.10 
San Eusebio 5 C 1_5 25 8.38 
San Eusebio 5 D 1_1 28 8.51 
San Eusebio 5 D 1_2 3 8.30 
San Eusebio 5 D 1_3 32 8.29 
San Eusebio 5 F 1_1 41 8.06 
San Eusebio 5 F 1_2 2 8.26 
San Eusebio 5 F 1_3 11 8.22 
San Eusebio 5 F 1_4 14 8.30 
San Eusebio 5 F 1_5 29 8.11 
San Eusebio 5 G 1_1 58 8.18 
San Eusebio 5 G 1_2 37 7.96 
San Eusebio 5 G 1_3 45 8.03 
San Eusebio 5 G 1_4 44 8.24 
San Eusebio 5 G 1_5 38 8.03 
San Eusebio 5 H 1_1 31 8.28 
San Eusebio 5 H 1_2 22 8.16 
San Eusebio 5 H 1_3 36 8.13 
San Eusebio 7 A 1_1 66 8.34 
San Eusebio 7 A 1_2 17 8.20 
San Eusebio 7 A 1_3 19 8.34 
San Eusebio 7 A 1_4 51 8.20 
San Eusebio 7 A 1_5 32 8.30 
San Eusebio 7 B 1_1 60 8.43 
San Eusebio 7 B 1_2 51 8.37 
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San Eusebio 7 B 1_3 120 8.42 
San Eusebio 8 A 1 35 8.28 
San Eusebio 8 A 2 62 8.19 
San Eusebio 8 A 3 36 8.05 
San Eusebio 8 A 4 65 8.27 
San Eusebio 8 A 5 20 8.33 
San Eusebio 8 A 6 31 8.42 
San Eusebio 8 A 7 25 8.33 
San Eusebio 8 B 1 57 8.21 
San Eusebio 8 B 2 48 8.26 
San Eusebio 8 B 3 35 8.07 
San Eusebio 8 B 4 33 8.07 
San Eusebio 8 C 1 64 8.08 
San Eusebio 8 C 2 62 8.20 
San Eusebio 8 C 3 60 8.40 
San Eusebio 8 C 4 23 8.50 
San Eusebio 8 D 1 66 8.13 
San Eusebio 8 D 2 38 8.39 
San Eusebio 8 D 3 39 8.40 
San Eusebio 8 E 1 34 8.31 
San Eusebio 8 F 1 5 8.34 
San Eusebio 8 F 2 9 8.21 
San Eusebio 8 F 3 33 8.20 
San Eusebio 8 F 4 7 7.97 
San Eusebio 8 G 1 26 8.15 
San Eusebio 8 G 2 16 8.18 
San Eusebio 8 G 3 19 8.24 
San Eusebio 8 G 4 32 8.24 
San Eusebio 8 G 5 13 8.24 
San Eusebio 8 G 6 11 8.18 
San Eusebio 8 G 7 22 8.16 
Rancho Aznar 12 A 1 20 8.36 
Rancho Aznar 12 A 2 35 8.25 
Rancho Aznar 12 A 3 41 8.22 
Rancho Aznar 12 A 4 26 8.21 
Rancho Aznar 12 A 5 37 8.23 
Rancho Aznar 12 A 6 33 8.27 
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Rancho Aznar 12 A 7 40 8.41 
Rancho Aznar 12 A 8 16 8.23 
Rancho Aznar 12 A 9 38 8.33 
Rancho Aznar 12 A 10 37 7.88 
Rancho Aznar 12 A 11 46 8.26 
Rancho Aznar 12 A 12 41 8.34 
Rancho Aznar 12 A 13 42 8.08 
Rancho Aznar 12 A 14 28 8.44 
Rancho Aznar 12 A 15 30 8.28 
Rancho Aznar 12 A 16 56 8.29 
Rancho Aznar 12 A 17 43 8.48 
Rancho Aznar 12 A 18 34 8.37 
Rancho Aznar 12 A 19 34 8.11 
Rancho Aznar 12 A 20 45 8.13 
Rancho Aznar 12 A 21 30 8.43 
Rancho Aznar 12 A 22 34 8.35 
Rancho Aznar 12 A 23 22 8.16 
Rancho Aznar 12 A 24 41 8.44 
Rancho Aznar 12 A 25 31 8.46 
Rancho Aznar 12 A 26 44 8.23 
Rancho Aznar 12 A 27 42 8.15 
Rancho Aznar 12 A 28 35 8.36 
Rancho Aznar 12 A 29 52 8.19 
Rancho Aznar 12 A 30 52 8.19 
Rancho Aznar 12 A 31 36 8.35 
Rancho Aznar 12 A 32 39 8.22 
Rancho Aznar 12 A 33 not available not available 
Rancho Aznar 12 A 34 31 8.28 
Rancho Aznar 12 A 35 27 8.35 
Rancho Aznar 12 A 36 22 8.09 
Rancho Aznar 12 A 37 28 8.31 
Rancho Aznar 12 A 38 28 8.28 
Rancho Aznar 12 A 39 30 8.27 
Rancho Aznar 12 A 40 12 8.27 
Rancho Aznar 12 A 41 12 8.26 
Rancho Aznar 12 A 42 9 8.42 
Rancho Aznar 12 A 43 25 8.30 
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Rancho Aznar 12 A 44 not available 8.34 
Rancho Aznar 12 A 45 15 8.10 
Rancho Aznar 12 A 46 51 7.91 
Rancho Aznar 12 A 47 42 8.24 
Rancho Aznar 12 A 48 25 7.86 
Rancho Aznar 12 A 49 39 8.44 
Rancho Aznar 12 A 50 43 8.25 
Rancho Aznar 12 A 51 35 8.31 
Rancho Aznar 12 A 52 24 8.24 
Rancho Aznar 12 A 53 8 8.40 
Rancho Aznar 12 A 54 44 8.31 
Rancho Aznar 12 A 55 44 8.16 
Rancho Aznar 12 A 56 31 8.33 
Rancho Aznar 12 A 57 12 7.71 
Rancho Aznar 12 A 58 44 7.60 
Rancho Aznar 12 A 59 23 8.09 
Rancho Aznar 12 A 60 19 8.27 
Rancho Aznar 12 A 61 46 8.28 
Rancho Aznar 12 A 62 33 8.26 
Rancho Aznar 12 A 63 32 8.29 
Rancho Aznar 12 A 64 not available not available 
Rancho Aznar 12 A 65 3 8.38 
Rancho Aznar 12 A 66 23 8.24 
Rancho Aznar 12 A 67 39 8.29 
Rancho Aznar 12 A 68 21 8.22 
Rancho Aznar 12 A 69 43 7.61 
Rancho Aznar 12 A 70 44 7.41 
Rancho Aznar 12 A 71 35 8.48 
Rancho Aznar 12 A 72 31 8.39 
Rancho Aznar 12 A 73 22 8.41 
Rancho Aznar 12 A 74 23 8.54 
Rancho Aznar 12 A 75 23 8.28 
Rancho Aznar 12 A 76 23 8.24 
Rancho Aznar 12 A 77 7 8.16 
Rancho Aznar 12 A 78 46 8.22 
Rancho Aznar 12 A 79 35 8.32 
Rancho Aznar 12 A 80 29 8.17 
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Rancho Aznar 12 A 81 6 7.76 
Rancho Aznar 12 A 82 39 7.76 
Rancho Aznar 12 A 83 28 8.48 
Rancho Aznar 12 A 84 54 8.26 
Rancho Aznar 12 A 85 32 8.40 
Rancho Aznar 12 A 86 53 8.39 
Rancho Aznar 12 A 87 42 8.41 
Rancho Aznar 12 A 88 6 8.34 
Rancho Aznar 12 A 89 64 8.47 
Rancho Aznar 12 A 90 37 8.45 
Rancho Aznar 12 A 91 24 8.11 
Rancho Aznar 12 A 92 22 7.98 
Rancho Aznar 12 A 93 42 7.42 
Rancho Aznar 12 A 94 52 8.45 
Rancho Aznar 12 A 95 38 8.44 
Rancho Aznar 12 A 96 38 8.39 
Rancho Aznar 12 A 97 49 8.17 
Rancho Aznar 12 A 98 23 8.36 
Rancho Aznar 12 A 99 19 8.57 
Rancho Aznar 12 A 100 33 8.43 
Rancho Aznar 12 A 101 40 7.82 
Rancho Aznar 12 A 102 5 7.57 
Rancho Aznar 12 A 103 53 7.51 
Rancho Aznar 12 A 104 35 7.98 
Rancho Aznar 12 A 105 34 8.26 
Rancho Aznar 12 A 106 26 7.69 
Rancho Aznar 12 A 107 35 7.66 
Rancho Aznar 12 A 108 19 8.43 
Rancho Aznar 12 A 109 41 8.36 
Rancho Aznar 12 A 111 28 7.64 
Rancho Aznar 12 A 112 39 7.85 
Rancho Aznar 12 A 113 8 8.22 
Rancho Aznar 12 A 114 36 7.67 
Rancho Aznar 12 A 115 10 7.53 
Rancho Aznar 12 A 116 35 7.85 
Rancho Aznar 12 A 117 32 8.35 
Rancho Aznar 12 A 118 33 8.43 
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Rancho Aznar 12 A 119 35 8.42 
Rancho Aznar 12 B 1 46 8.35 
Rancho Aznar 12 B 2 31 7.18 
Rancho Aznar 12 B 3 37 7.97 
Rancho Aznar 12 B 4 38 7.68 
Rancho Aznar 12 B 5 32 8.11 
Rancho Aznar 12 B 6 33 7.55 
Rancho Aznar 12 B 7 40 8.05 
Rancho Aznar 12 B 8 17 8.39 
Rancho Aznar 12 B 9 13 7.69 
Rancho Aznar 12 B 10 18 8.17 
Rancho Aznar 12 B 11 38 8.29 
Rancho Aznar 12 B 12 16 8.26 
Rancho Aznar 12 B 13 43 8.30 
Rancho Aznar 12 B 14 not available not available 
Rancho Aznar 12 B 15 45 8.60 
Rancho Aznar 12 B 16 37 8.23 
Rancho Aznar 12 B 17 26 7.78 
Rancho Aznar 12 B 18 27 7.63 
Rancho Aznar 12 B 19 30 7.24 
Rancho Aznar 12 B 20 60 7.82 
Rancho Aznar 12 B 21 27 8.17 
Rancho Aznar 12 B 22 21 8.37 
Rancho Aznar 12 B 23 not available 8.07 
Rancho Aznar 12 B 24 16 8.16 
Rancho Aznar 12 B 25 47 8.07 
Rancho Aznar 12 B 26 21 7.66 
Rancho Aznar 12 B 27 not available not available 
Rancho Aznar 12 B 28 52 8.60 
Rancho Aznar 12 B 29 18 8.10 
Rancho Aznar 12 B 30 29 7.98 
Rancho Aznar 12 B 31 35 8.10 
Rancho Aznar 12 B 32 29 8.28 
Rancho Aznar 12 B 33 36 7.86 
Rancho Aznar 12 B 34 10 7.67 
Rancho Aznar 12 B 35 36 8.27 
Rancho Aznar 12 B 36 27 7.89 
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Rancho Aznar 12 B 37 13 8.15 
Rancho Aznar 12 B 38 29 8.44 
Rancho Aznar 12 B 39 26 8.42 
Rancho Aznar 12 B 40 32 8.31 
Rancho Aznar 12 B 41 12 7.94 
Rancho Aznar 12 B 42 77 8.56 
Rancho Aznar 12 B 43 42 7.55 
Rancho Aznar 12 B 44 39 8.25 
Rancho Aznar 12 B 45 38 8.31 
Rancho Aznar 12 B 46 37 8.19 
Rancho Aznar 12 B 47 39 8.36 
Rancho Aznar 12 B 48 7 8.37 
Rancho Aznar 12 B 49 31 7.91 
Rancho Aznar 12 B 50 31 7.97 
Rancho Aznar 12 B 51 68 7.58 
Rancho Aznar 12 B 52 34 8.27 
Rancho Aznar 12 B 53 19 8.19 
Rancho Aznar 12 B 54 29 8.28 
Rancho Aznar 12 B 55 24 8.40 
Rancho Aznar 12 B 56 not available 8.42 
Rancho Aznar 12 B 57 31 7.71 
Rancho Aznar 12 B 58 27 8.15 
Rancho Aznar 12 B 59 19 7.87 
Rancho Aznar 12 B 60 43 8.29 
Rancho Aznar 12 B 61 37 8.20 
Rancho Aznar 12 B 62 46 8.35 
Rancho Aznar 12 B 63 27 8.20 
Rancho Aznar 12 B 64 39 8.40 
Rancho Aznar 12 C 1 21 7.82 
Rancho Aznar 12 C 2 44 7.82 
Rancho Aznar 12 C 3 32 8.52 
Rancho Aznar 12 C 4 38 7.76 
Rancho Aznar 12 C 5 33 7.70 
Rancho Aznar 12 C 6 14 8.51 
Rancho Aznar 12 C 7 46 7.91 
Rancho Aznar 12 C 8 20 8.19 
Rancho Aznar 12 C 9 29 8.35 
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Rancho Aznar 12 C 10 27 8.00 
Rancho Aznar 13 A 1 59 8.57 
Rancho Aznar 13 B 1 not available not available 
Rancho Aznar 13 C 1_1 37 8.35 
Rancho Aznar 13 C 1_2 44 8.29 
Rancho Aznar 13 C 1_3 25 8.13 
Rancho Aznar 13 C 1_4 36 8.22 
Rancho Aznar 13 C 1_5 22 8.22 
Rancho Aznar 13 D 1_1 21 8.39 
Rancho Aznar 13 D 1_2 37 8.40 
Rancho Aznar 13 E 1_1 27 8.39 
Rancho Aznar 13 E 1_2 20 8.12 
Rancho Aznar 13 E 1_3 28 8.42 
Rancho Aznar 13 E 1_4 31 8.20 
Rancho Aznar 13 E 1_5 27 8.20 
Rancho Aznar 13 F 1_1 10 8.28 
Rancho Aznar 13 F 1_2 25 8.28 
Rancho Aznar 13 F 1_3 37 8.13 
San Antonio Xuxub 21 A 1 56 8.88 
San Antonio Xuxub 21 A 2 37 8.47 
San Antonio Xuxub 21 A 3 46 8.79 
San Antonio Xuxub 21 A 4 48 9.16 
San Antonio Xuxub 21 A 5 59 8.75 
San Antonio Xuxub 21 A 6 53 8.69 
San Antonio Xuxub 21 A 7 46 8.68 
San Antonio Xuxub 21 A 8 40 8.30 
San Antonio Xuxub 21 A 9 52 8.56 
San Antonio Xuxub 21 A 10 57 8.66 
San Antonio Xuxub 21 A 11 45 8.95 
San Antonio Xuxub 21 A 12 23 8.64 
San Antonio Xuxub 21 A 13 36 8.64 
San Antonio Xuxub 21 A 14 58 8.66 
San Antonio Xuxub 21 A 15 27 8.60 
San Antonio Xuxub 21 A 16 32 8.55 
San Antonio Xuxub 21 A 17 30 9.25 
San Antonio Xuxub 21 A 18 58 8.68 
San Antonio Xuxub 21 A 19 31 8.46 
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San Antonio Xuxub 21 A 20 49 9.00 
San Antonio Xuxub 21 A 21 57 8.65 
San Antonio Xuxub 21 A 22 70 8.75 
San Antonio Xuxub 21 A 23 57 8.61 
San Antonio Xuxub 21 A 24 33 8.46 
San Antonio Xuxub 21 A 25 43 9.25 
San Antonio Xuxub 21 A 26 45 9.13 
San Antonio Xuxub 21 A 27 32 8.93 
San Antonio Xuxub 21 A 28 49 8.57 
San Antonio Xuxub 21 A 29 46 8.87 
San Antonio Xuxub 21 A 30 96 8.76 
San Antonio Xuxub 21 A 31 41 8.79 
San Antonio Xuxub 21 A 32 44 8.58 
San Antonio Xuxub 21 A 33 81 9.15 
San Antonio Xuxub 21 A 34 39 8.88 
San Antonio Xuxub 21 A 35 23 8.35 
San Antonio Xuxub 21 A 36 46 8.88 
San Antonio Xuxub 21 A 37 40 8.82 
San Antonio Xuxub 21 A 38 47 8.62 
San Antonio Xuxub 21 A 39 28 8.49 
San Antonio Xuxub 21 A 40 37 8.57 
San Antonio Xuxub 21 A 41 55 8.50 
San Antonio Xuxub 21 B 1 39 8.55 
San Antonio Xuxub 21 B 2 48 8.45 
San Antonio Xuxub 21 B 3 21 8.50 
San Antonio Xuxub 21 B 4 61 8.39 
San Antonio Xuxub 21 B 5 54 8.54 
San Antonio Xuxub 21 B 6 20 8.45 
San Antonio Xuxub 21 B 7 36 8.39 
San Antonio Xuxub 21 B 8 49 8.58 
San Antonio Xuxub 21 B 9 44 8.31 
San Antonio Xuxub 21 B 10 57 8.49 
San Antonio Xuxub 21 B 11 58 8.53 
San Antonio Xuxub 21 B 12 67 8.48 
San Antonio Xuxub 21 B 13 57 8.51 
San Antonio Xuxub 21 B 14 47 8.51 
San Antonio Xuxub 21 B 15 52 8.40 
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San Antonio Xuxub 21 B 16 not available 8.29 
San Antonio Xuxub 21 B 17 57 8.38 
San Antonio Xuxub 21 B 18 70 8.65 
San Antonio Xuxub 21 B 19 52 8.66 
San Antonio Xuxub 21 B 20 42 8.50 
San Antonio Xuxub 21 B 21 44 8.47 
San Antonio Xuxub 21 B 22 51 8.48 
San Antonio Xuxub 21 B 23 25 8.56 
San Antonio Xuxub 21 B 24 70 8.73 
San Antonio Xuxub 21 B 25 16 8.52 
San Antonio Xuxub 21 B 26 12 8.62 
San Antonio Xuxub 21 B 27 59 not available 
San Antonio Xuxub 21 B 28 37 8.57 
San Antonio Xuxub 21 B 29 84 8.60 
San Antonio Xuxub 21 B 30 56 8.66 
San Antonio Xuxub 21 B 31 not available 8.59 
San Antonio Xuxub 21 B 32 1 8.50 
San Antonio Xuxub 21 B 33 71 8.30 
San Antonio Xuxub 21 B 34 50 8.44 
San Antonio Xuxub 21 B 35 26 not available 
San Antonio Xuxub 21 B 36 25 8.70 
San Antonio Xuxub 21 B 37 59 8.46 
San Antonio Xuxub 21 B 38 84 8.51 
San Antonio Xuxub 21 B 39 32 8.49 
San Antonio Xuxub 21 B 40 40 8.52 
San Antonio Xuxub 21 B 41 46 8.40 
San Antonio Xuxub 21 B 42 50 8.55 
San Antonio Xuxub 21 B 43 54 8.10 
San Antonio Xuxub 21 C 1 8 8.76 
San Antonio Xuxub 21 C 2 46 8.34 
San Antonio Xuxub 21 C 3 31 8.60 
San Antonio Xuxub 21 C 4 35 8.57 
San Antonio Xuxub 21 C 5 52 8.55 
San Antonio Xuxub 21 C 6 68 8.84 
San Antonio Xuxub 21 C 7 93 8.56 
San Antonio Xuxub 21 C 8 35 8.45 
San Antonio Xuxub 21 C 9 39 8.57 
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San Antonio Xuxub 21 C 10 11 8.33 
San Antonio Xuxub 21 C 11 32 8.40 
San Antonio Xuxub 21 C 12 40 9.29 
San Antonio Xuxub 21 C 13 3 8.89 
San Antonio Xuxub 21 C 14 52 8.86 
San Antonio Xuxub 21 C 15 60 8.89 
San Antonio Xuxub 21 C 16 39 9.03 
San Antonio Xuxub 21 C 17 33 9.26 
San Antonio Xuxub 21 C 18 11 9.48 
San Antonio Xuxub 21 C 19 7 8.39 
San Antonio Xuxub 23 A 1_1 66 8.31 
San Antonio Xuxub 23 A 1_2 70 8.56 
San Antonio Xuxub 23 A 1_3 55 8.51 
San Antonio Xuxub 23 A 1_4 75 8.69 
San Antonio Xuxub 23 A 1_5 50 9.11 
San Antonio Xuxub 23 B 1_1 53 8.90 
San Antonio Xuxub 23 B 1_2 35 8.95 
San Antonio Xuxub 23 B 1_3 62 9.02 
San Antonio Xuxub 23 C 1_1 76 9.34 
San Antonio Xuxub 23 C 1_2 25 9.17 
San Antonio Xuxub 23 C 1_3 92 9.49 
San Antonio Xuxub 23 C 1_4 84 8.57 
San Antonio Xuxub 23 C 1_5 53 8.78 
San Antonio Xuxub 23 D 1_1 38 8.96 
San Antonio Xuxub 23 D 1_2 18 8.60 
San Antonio Xuxub 23 D 1_3 not available 9.01 
San Antonio Xuxub 23 D 1_4 16 9.25 
San Antonio Xuxub 23 D 1_5 53 9.01 
San Antonio Xuxub 25 A 1 92 8.93 
San Antonio Xuxub 25 A 2 not available 8.94 
San Antonio Xuxub 25 A 4 104 9.06 
San Antonio Xuxub 25 A 5 89 9.03 
San Antonio Xuxub 25 A 6 72 8.66 
San Antonio Xuxub 25 A 7 78 8.57 
San Antonio Xuxub 25 A 8 40 8.39 
San Antonio Xuxub 25 B 1 90 8.35 
San Antonio Xuxub 25 B 2 67 8.55 
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San Antonio Xuxub 25 B 3 81 8.88 
San Antonio Xuxub 25 B 4 64 9.18 
San Antonio Xuxub 25 B 5 not available not available 
San Antonio Xuxub 25 B 6 76 8.46 
San Antonio Xuxub 25 B 7 36 8.52 
San Antonio Xuxub 25 B 8 24 8.50 
San Antonio Xuxub 25 C 1 79 8.49 
San Antonio Xuxub 25 C 2 83 8.25 
San Antonio Xuxub 25 C 5 85 8.35 
San Antonio Xuxub 25 C 6 61 8.04 
San Antonio Xuxub 25 C 7 26 8.62 
San Antonio Xuxub 25 C 8 62 8.43 
San Antonio Xuxub 25 D 1 71 8.49 
San Antonio Xuxub 25 D 2 71 8.58 
San Antonio Xuxub 25 D 6 69 8.33 
San Antonio Xuxub 25 D 7 55 8.36 
San Antonio Xuxub 25 D 8 88 8.55 
San Antonio Xuxub 25 E 1 66 8.75 
San Antonio Xuxub 25 E 2 65 8.60 
San Antonio Xuxub 25 E 6 71 8.47 
San Antonio Xuxub 25 E 7 70 8.40 
San Antonio Xuxub 25 E 8 81 8.66 
San Antonio Xuxub 25 F 1 85 8.87 
San Antonio Xuxub 25 F 2 47 8.78 
San Antonio Xuxub 25 F 3 52 8.59 
San Antonio Xuxub 25 F 6 28 8.71 
San Antonio Xuxub 25 F 7 21 8.72 
San Antonio Xuxub 25 F 8 51 8.56 
San Antonio Xuxub 25 G 1 67 8.43 
San Antonio Xuxub 25 G 2 57 8.35 
San Antonio Xuxub 25 G 3 53 8.40 
San Antonio Xuxub 25 G 6 22 8.89 
San Antonio Xuxub 25 G 7 57 8.72 
San Antonio Xuxub 25 G 8 64 8.35 
San Antonio Xuxub 25 H 1 32 8.89 
San Antonio Xuxub 25 H 2 95 8.57 
San Antonio Xuxub 25 H 3 92 8.68 
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San Antonio Xuxub 25 H 5 42 8.84 
San Antonio Xuxub 25 H 6 73 8.61 
San Antonio Xuxub 25 H 7 87 8.42 
San Antonio Xuxub 25 H 8 84 8.61 
San Antonio Xuxub 25 I 1 46 8.83 
San Antonio Xuxub 25 I 2 58 8.57 
San Antonio Xuxub 25 I 3 11 8.48 
San Antonio Xuxub 25 I 4 55 8.81 
San Antonio Xuxub 25 I 5 54 8.73 
San Antonio Xuxub 25 I 6 89 8.62 
San Antonio Xuxub 25 I 7 62 8.44 
San Antonio Xuxub 25 I 8 71 8.52 
San Antonio Xuxub 25 J 1 58 8.52 
San Antonio Xuxub 25 J 2 101 8.45 
San Antonio Xuxub 25 J 5 83 8.13 
San Antonio Xuxub 25 J 7 60 8.67 

San Antonio Xuxub 25 J 8 55 8.66 
 

 

Table  F.2: Non-near-surface sample phosphate and pH readings. These readings were not used in 
the analysis. 
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San Eusebio 5 A 2_2 24 8.22 
San Eusebio 5 A 2_3 31 8.20 
San Eusebio 5 A 2_4 20 8.16 
San Eusebio 5 A 2_5 12 8.19 
San Eusebio 5 A 2_6 38 8.32 
San Eusebio 5 B 2_1 24 8.21 
San Eusebio 5 B 2_2 49 8.26 
San Eusebio 5 B 2_3 30 8.42 
San Eusebio 5 B 3_1 14 8.17 
San Eusebio 5 B 3_2 44 8.30 
San Eusebio 5 B 3_3 58 8.18 
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San Eusebio 5 B 3_4 6 8.20 
San Eusebio 5 B 3_5 11 8.20 
San Eusebio 5 F 2_1 12 8.43 
San Eusebio 5 F 2_1 9 8.27 
San Eusebio 5 G 2_1 34 8.13 
San Eusebio 5 G 2_2 45 8.21 
San Eusebio 5 G 2_3 35 8.07 
San Eusebio 5 G 2_4 30 7.82 
San Eusebio 5 G 2_5 11 8.12 
San Eusebio 5 H 2_1 12 8.25 
San Eusebio 5 H 2_2 16 7.81 
San Eusebio 5 H 2_3 17 8.16 
San Eusebio 7 A 2_1 35 8.38 
San Eusebio 7 A 2_2 73 8.46 
San Eusebio 7 A 2_3 37 8.46 
San Eusebio 7 A 2_4 64 8.35 
San Eusebio 7 A 2_5 41 8.27 
San Eusebio 7 B 2_1 38 8.34 
San Eusebio 7 B 2_2 35 8.48 
San Eusebio 7 B 2_3 44 8.45 
San Eusebio 7 B 3_1 21 8.37 
San Eusebio 7 B 3_2 27 8.25 
San Eusebio 7 B 3_3 22 8.34 
San Eusebio 7 B 3_4 64 8.38 
San Eusebio 7 B 3_5 15 8.29 
Rancho Aznar 13 E 2_2 62 8.44 

Rancho Aznar 13 E 2_3 
not 
available 8.38 

Rancho Aznar 13 E 2_4 38 8.37 
Rancho Aznar 13 E 2_5 45 8.51 
Rancho Aznar 13 F 1_1 10 8.28 
Rancho Aznar 13 F 1_2 25 8.28 
Rancho Aznar 13 F 1_3 37 8.13 
Rancho Aznar 13 F 2_1 51 8.23 
Rancho Aznar 13 F 2_1 35 8.53 
Rancho Aznar 13 F 2_2 40 8.49 
Rancho Aznar 13 F 2_3 38 8.47 
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APPENDIX G : SOIL PHOSPHATE INTERPOLATION 
SURFACE REPORTS 
 

 

Report for Kriging Interpolation of Soil Phosphate Values at San Eusebio 

 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:30:35 2016 
Elapsed time for gridding:  2.89 seconds 
 
 

Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SEU_meh.txt 
X Column:  Q 
Y Column:  R 
Z Column:  M 
 
 

Data Counts 
 
Active Data: 347 
 
Original Data: 348 
Excluded Data: 0 
Deleted Duplicates: 1 
Retained Duplicates: 1 
Artificial Data: 0 
Superseded Data: 0 
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Univariate Statistics 
 
—————————————————————————————————————————— 
                           X Y Z 
—————————————————————————————————————————— 
Minimum:                   465041.04 2366323.66 2 
25%-tile:                 465086.04 2366338.66 25 
Median:                    465105.12 2366358.66 41 
75%-tile:                 465130.04 2366373.43 57 
Maximum:                   465161.04 2366494.49 120 
 
Midrange:                  465101.04 2366409.075 61 
Range:                     120 170.83000000007 118 
Interquartile Range:       44 34.770000000019 32 
Median Abs. Deviation:     22.919999999984 15.270000000019 16 
 
Mean:                      465105.34798271 2366368.9371758 42.778097982709 
Trim Mean (10%):          465105.86386582 2366364.9285943 41.757188498403 
Standard Deviation:        28.223345416127 42.140721276676 23.180404719352 
Variance:                  796.55722647799 1775.8403897185 537.33116295294 
 
Coef. of Variation:          0.54187553473558 
Coef. of Skewness:           0.63407851771951 
—————————————————————————————————————————— 
 
 

Inter-Variable Correlation 
 
———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  -0.035 -0.067 
Y:  1.000  -0.038 
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 796.55722647799 -41.470739702567 -43.998920263407 
Y:  1775.8403897185 -37.32324917592 
Z:   537.33116295294 
———————————————————————————————— 
 
 

 
 



461 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
—————————————————————————————————————————— 
                     A B C 
 
Parameter Value:     0.00073120063802089 0.00025103017585651 -891.33730935286 
Standard Error:      0 0 0 
—————————————————————————————————————————— 
 
Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -15.449503321433 -7.7247516607167 -
0.014251 
Residual:   344 186469.36304799 542.06210188369     
Total:      346 186453.91354467         
—————————————————————————————————————————— 
 
Coefficient of Multiple Determination (R^2):   -8.2859635540666E-005 
 
 

Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.5 0 
25%-tile:                 5 8 
Median:                    5 18 
75%-tile:                 5 32 
Maximum:                   5 108 
 
Midrange:                  2.75 54 
Range:                     4.5 108 
Interquartile Range:       0 24 
Median Abs. Deviation:     0 11 
 
Mean:                      4.0560007663715 21.755043227666 
Trim Mean (10%):          4.197866664316 20.670926517572 
Standard Deviation:        1.7526300128284 16.863939212041 
Variance:                  3.071711961867 284.39244574741 
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Coef. of Variation:        0.43210790968276 0.77517378547863 
Coef. of Skewness:         -1.3452105546926 1.0149225598423 
 
Root Mean Square:          4.4184674015628 27.525885119011 
Mean Square:               19.522854178673 757.67435158501 
————————————————————————————————— 
 
Complete Spatial Randomness 
 
Lambda:                    0.016927159554325 
Clark and Evans:           1.055407237335 
Skellam:                   720.50457273107 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 1.4E-005       
Y Duplicate Tolerance: 2E-005         
 
Deleted Duplicates: 1 
Retained Duplicates: 1 
Artificial Data: 0 
 
—————————————————————————————————————————— 
X Y Z ID Status 
—————————————————————————————————————————— 
465131.04      2366358.7      70             217       
 Retained 
465131.04      2366358.7      34             297       
 Deleted 
—————————————————————————————————————————— 
 
 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
 
 

Gridding Rules 
 
Gridding Method:  Kriging 
Kriging Type:  Point 
 
Polynomial Drift Order:  0 
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Kriging std. deviation grid:  no 
 
Semi-Variogram Model 
Component Type:  Linear 
Anisotropy Angle:  0 
Anisotropy Ratio:  1 
Variogram Slope:  1 
 
Search Parameters 
Search Ellipse Radius #1: 104 
Search Ellipse Radius #2: 104 
Search Ellipse Angle:     0 
 
Number of Search Sectors: 4 
Maximum Data Per Sector:  16 
Maximum Empty Sectors:    3 
 
Minimum Data:             8 
Maximum Data:             64 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SEU_meh_krig_fixed.grd 
Grid Size:  100 rows x 71 columns 
Total Nodes: 7100 
Filled Nodes: 7100 
Blanked Nodes: 0 
 
Grid Geometry 
 
X Minimum: 465041.04 
X Maximum: 465161.04 
X Spacing: 1.7142857142857 
 
Y Minimum: 2366323.66 
Y Maximum: 2366494.49 
Y Spacing: 1.7255555555563 
 
Grid Statistics 
 
Z Minimum: 3.9248769910552 
Z 25%-tile: 28.12940558309 
Z Median: 39.328245914561 
Z 75%-tile: 47.920501065838 
Z Maximum: 112.56292840056 
 
Z Midrange: 58.243902695809 
Z Range: 108.63805140951 
Z Interquartile Range: 19.791095482748 
Z Median Abs. Deviation: 10.121208659382 
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Z Mean: 39.520046543504 
Z Trim Mean (10%): 38.751965411328 
Z Standard Deviation: 15.060089164018 
Z Variance: 226.80628562818 
 
Z Coef. of Variation: 0.38107468186911 
Z Coef. of Skewness: 0.7021622274189 
 
Z Root Mean Square: 42.292320395421 
Z Mean Square: 1788.6403644289 
 
 

Report for Inverse Distance Weighted Interpolation of Soil Phosphate Values at 
San Eusebio 

 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:32:21 2016 
Elapsed time for gridding:  0.64 seconds 
 
 

Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SEU_meh.txt 
X Column:  Q 
Y Column:  R 
Z Column:  M 
 
 

Data Counts 
 
Active Data: 347 
 
Original Data: 348 
Excluded Data: 0 
Deleted Duplicates: 1 
Retained Duplicates: 1 
Artificial Data: 0 
Superseded Data: 0 
 
 

Univariate Statistics 
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—————————————————————————————————————————— 
                           X Y Z 
—————————————————————————————————————————— 
Minimum:                   465041.04 2366323.66 2 
25%-tile:                 465086.04 2366338.66 25 
Median:                    465105.12 2366358.66 41 
75%-tile:                 465130.04 2366373.43 57 
Maximum:                   465161.04 2366494.49 120 
 
Midrange:                  465101.04 2366409.075 61 
Range:                     120 170.83000000007 118 
Interquartile Range:       44 34.770000000019 32 
Median Abs. Deviation:     22.919999999984 15.270000000019 16 
 
Mean:                      465105.34798271 2366368.9371758 42.778097982709 
Trim Mean (10%):          465105.86386582 2366364.9285943 41.757188498403 
Standard Deviation:        28.223345416127 42.140721276676 23.180404719352 
Variance:                  796.55722647799 1775.8403897185 537.33116295294 
 
Coef. of Variation:          0.54187553473558 
Coef. of Skewness:           0.63407851771951 
——————————————————————————————————————————
— 
 
 

Inter-Variable Correlation 
 
———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  -0.035 -0.067 
Y:  1.000  -0.038 
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 796.55722647799 -41.470739702567 -43.998920263407 
Y:  1775.8403897185 -37.32324917592 
Z:   537.33116295294 
———————————————————————————————— 
 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
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—————————————————————————————————————————— 
                     A B C 
—————————————————————————————————————————— 
Parameter Value:     0.00073120063802089 0.00025103017585651 -891.33730935286 
Standard Error:      0 0 0 
—————————————————————————————————————————— 
 
Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -15.449503321433 -7.7247516607167 -
0.014251 
Residual:   344 186469.36304799 542.06210188369     
Total:      346 186453.91354467         
—————————————————————————————————————————— 
 
Coefficient of Multiple Determination (R^2):   -8.2859635540666E-005 
 
 

Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.5 0 
25%-tile:                 5 8 
Median:                    5 18 
75%-tile:                 5 32 
Maximum:                   5 108 
 
Midrange:                  2.75 54 
Range:                     4.5 108 
Interquartile Range:       0 24 
Median Abs. Deviation:     0 11 
 
Mean:                      4.0560007663715 21.755043227666 
Trim Mean (10%):          4.197866664316 20.670926517572 
Standard Deviation:        1.7526300128284 16.863939212041 
Variance:                  3.071711961867 284.39244574741 
 
Coef. of Variation:        0.43210790968276 0.77517378547863 
Coef. of Skewness:         -1.3452105546926 1.0149225598423 
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Root Mean Square:          4.4184674015628 27.525885119011 
Mean Square:               19.522854178673 757.67435158501 
————————————————————————————————— 
 
Complete Spatial Randomness 
 
Lambda:                    0.016927159554325 
Clark and Evans:           1.055407237335 
Skellam:                   720.50457273107 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 1.4E-005       
Y Duplicate Tolerance: 2E-005         
 
Deleted Duplicates: 1 
Retained Duplicates: 1 
Artificial Data: 0 
 
—————————————————————————————————————————— 
X Y Z ID Status 
—————————————————————————————————————————— 
465131.04      2366358.7      70             217       
 Retained 
465131.04      2366358.7      34             297       
 Deleted 
—————————————————————————————————————————— 
 
 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
 
 

Gridding Rules 
 
Gridding Method:  Inverse Distance to a Power 
Weighting Power:  2 
Smoothing Factor:  0 
Anisotropy Ratio:  1 
Anisotropy Angle:  0 
 
Search Parameters 
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Search Ellipse Radius #1: 104 
Search Ellipse Radius #2: 104 
Search Ellipse Angle:     0 
 
Number of Search Sectors: 4 
Maximum Data Per Sector:  16 
Maximum Empty Sectors:    3 
 
Minimum Data:             8 
Maximum Data:             64 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SEU_meh_IDW_fixed.grd 
Grid Size:  100 rows x 71 columns 
Total Nodes: 7100 
Filled Nodes: 7100 
Blanked Nodes: 0 
 
Grid Geometry 
 
X Minimum: 465041.04 
X Maximum: 465161.04 
X Spacing: 1.7142857142857 
 
Y Minimum: 2366323.66 
Y Maximum: 2366494.49 
Y Spacing: 1.7255555555563 
 
Grid Statistics 
 
Z Minimum: 5.6297544069734 
Z 25%-tile: 35.79030483077 
Z Median: 42.406715086802 
Z 75%-tile: 46.403766706325 
Z Maximum: 113.03215824129 
 
Z Midrange: 59.330956324134 
Z Range: 107.40240383432 
Z Interquartile Range: 10.613461875555 
Z Median Abs. Deviation: 5.3065468058422 
 
Z Mean: 42.408542216309 
Z Trim Mean (10%): 41.951928404173 
Z Standard Deviation: 9.1484496454274 
Z Variance: 83.69413091492 
 
Z Coef. of Variation: 0.21572186091106 
Z Coef. of Skewness: 1.0277086147114 
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Z Root Mean Square: 43.384082148034 
Z Mean Square: 1882.1785838274 
 
 

Report for Kriging Interpolation of Soil Phosphate Values at Rancho Aznar 

 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:38:43 2016 
Elapsed time for gridding:  0.14 seconds 
 
 

Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\RAZ_meh.txt 
X Column:  P 
Y Column:  Q 
Z Column:  L 
 
 

Data Counts 
 
Active Data: 197 
 
Original Data: 197 
Excluded Data: 0 
Deleted Duplicates: 0 
Retained Duplicates: 0 
Artificial Data: 0 
Superseded Data: 0 
 
 

Univariate Statistics 
 
—————————————————————————————————————————— 
                           X Y Z 
—————————————————————————————————————————— 
Minimum:                   464215.09 2357876.4 3 
25%-tile:                 464245.09 2357906.4 24 
Median:                    464371.08 2357965.1 32 
75%-tile:                 464397.23 2357988.27 39 
Maximum:                   464418.23 2358023.79 77 
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Midrange:                  464316.66 2357950.095 40 
Range:                     203.13999999996 147.39000000013 74 
Interquartile Range:       152.13999999996 81.870000000112 15 
Median Abs. Deviation:     32.349999999977 29.439999999944 8 
 
Mean:                      464337.49949239 2357952.6567513 31.939086294416 
Trim Mean (10%):          464339.60351955 2357953.1456983 31.821229050279 
Standard Deviation:        73.353186178812 44.187287656793 12.287848199678 
Variance:                  5380.6899225834 1952.5163904642 150.99121337834 
 
Coef. of Variation:          0.38472760574327 
Coef. of Skewness:           0.15763853557262 
—————————————————————————————————————————— 
 
 

Inter-Variable Correlation 
 
———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  0.858  -0.016 
Y:  1.000  -0.006 
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 5380.6899225834 2780.8950937852 -14.562975083082 
Y:  1952.5163904642 -3.3496395165746 
Z:   150.99121337834 
———————————————————————————————— 
 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
—————————————————————————————————————————— 
                     A B C 
—————————————————————————————————————————— 
Parameter Value:     0.00014397844745856 -0.00017254531393724 371.93814455747 
Standard Error:      0 0 0 
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Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -0.49344538417063 -0.24672269208531 -
0.0016091 
Residual:   194 29745.762480917 153.32867258205     
Total:      196 29745.269035533         
—————————————————————————————————————————— 
 
Coefficient of Multiple Determination (R^2):   -1.6589037523218E-005 
 
 

Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.57070132299857 0 
25%-tile:                 4.9932454375686 4 
Median:                    4.9932454378118 10 
75%-tile:                 5 19 
Maximum:                   5.1081307736201 65 
 
Midrange:                  2.8394160483093 32.5 
Range:                     4.5374294506216 65 
Interquartile Range:       0.0067545624313876 15 
Median Abs. Deviation:     0.0067545621882168 6 
 
Mean:                      4.6652657095778 12.482233502538 
Trim Mean (10%):          4.849519317797 11.525139664804 
Standard Deviation:        1.1027657528232 10.817636431108 
Variance:                  1.2160923055997 117.02125795563 
 
Coef. of Variation:        0.23637790888507 0.86664269090208 
Coef. of Skewness:         -3.2514769491433 1.6692444171505 
 
Root Mean Square:          4.7938289963829 16.517488040483 
Mean Square:               22.980796446562 272.82741116751 
————————————————————————————————— 
 
Complete Spatial Randomness 
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Lambda:                    0.0065796494994616 
Clark and Evans:           0.75684641693546 
Skellam:                   187.16038491284 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 2.4E-005       
Y Duplicate Tolerance: 1.7E-005       
 
No duplicate data were found. 
 
 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
 
 

Gridding Rules 
 
Gridding Method:  Kriging 
Kriging Type:  Point 
 
Polynomial Drift Order:  0 
Kriging std. deviation grid:  no 
 
Semi-Variogram Model 
Component Type:  Linear 
Anisotropy Angle:  0 
Anisotropy Ratio:  1 
Variogram Slope:  1 
 
Search Parameters 
No Search (use all data): true 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\RAZ_meh.grd 
Grid Size:  73 rows x 100 columns 
Total Nodes: 7300 
Filled Nodes: 7300 
Blanked Nodes: 0 
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Grid Geometry 
 
X Minimum: 464215.09 
X Maximum: 464418.23 
X Spacing: 2.0519191919187 
 
Y Minimum: 2357876.4 
Y Maximum: 2358023.79 
Y Spacing: 2.0470833333351 
 
Grid Statistics 
 
Z Minimum: 5.817565056076 
Z 25%-tile: 17.197773657123 
Z Median: 25.579793202912 
Z 75%-tile: 31.982291487706 
Z Maximum: 65.018882860986 
 
Z Midrange: 35.418223958531 
Z Range: 59.20131780491 
Z Interquartile Range: 14.784517830583 
Z Median Abs. Deviation: 7.3134438756602 
 
Z Mean: 25.340976542433 
Z Trim Mean (10%): 25.078428754327 
Z Standard Deviation: 8.6581018568229 
Z Variance: 74.962727763121 
 
Z Coef. of Variation: 0.3416640965799 
Z Coef. of Skewness: 0.25459360420899 
 
Z Root Mean Square: 26.779242332211 
Z Mean Square: 717.12781988727 
 
 

Report for Inverse Distance Weighted Interpolation of Soil Phosphate Values at 
Rancho Aznar 

 
 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:37:36 2016 
Elapsed time for gridding:  0.06 seconds 
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Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\RAZ_meh.txt 
X Column:  P 
Y Column:  Q 
Z Column:  L 
 
 

Data Counts 
 
Active Data: 197 
 
Original Data: 197 
Excluded Data: 0 
Deleted Duplicates: 0 
Retained Duplicates: 0 
Artificial Data: 0 
Superseded Data: 0 
 
 

Univariate Statistics 
 
—————————————————————————————————————————— 
                           X Y Z 
—————————————————————————————————————————— 
Minimum:                   464215.09 2357876.4 3 
25%-tile:                 464245.09 2357906.4 24 
Median:                    464371.08 2357965.1 32 
75%-tile:                 464397.23 2357988.27 39 
Maximum:                   464418.23 2358023.79 77 
 
Midrange:                  464316.66 2357950.095 40 
Range:                     203.13999999996 147.39000000013 74 
Interquartile Range:       152.13999999996 81.870000000112 15 
Median Abs. Deviation:     32.349999999977 29.439999999944 8 
 
Mean:                      464337.49949239 2357952.6567513 31.939086294416 
Trim Mean (10%):          464339.60351955 2357953.1456983 31.821229050279 
Standard Deviation:        73.353186178812 44.187287656793 12.287848199678 
Variance:                  5380.6899225834 1952.5163904642 150.99121337834 
 
Coef. of Variation:          0.38472760574327 
Coef. of Skewness:           0.15763853557262 
—————————————————————————————————————————— 
 
 

Inter-Variable Correlation 
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———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  0.858  -0.016 
Y:  1.000  -0.006 
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 5380.6899225834 2780.8950937852 -14.562975083082 
Y:  1952.5163904642 -3.3496395165747 
Z:   150.99121337834 
———————————————————————————————— 
 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
—————————————————————————————————————————— 
                     A B C 
—————————————————————————————————————————— 
Parameter Value:     0.0002315682695002 -0.00016618502177745 316.26964120079 
Standard Error:      0 0 0 
—————————————————————————————————————————— 
 
Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -0.7276182307105 -0.36380911535525 -
0.0023727 
Residual:   194 29745.996653764 153.32987965858     
Total:      196 29745.269035533         
—————————————————————————————————————————— 
 
Coefficient of Multiple Determination (R^2):   -2.4461645643292E-005 
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Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.57070132299857 0 
25%-tile:                 4.9932454375686 4 
Median:                    4.9932454378118 10 
75%-tile:                 5 19 
Maximum:                   5.1081307736201 65 
 
Midrange:                  2.8394160483093 32.5 
Range:                     4.5374294506216 65 
Interquartile Range:       0.0067545624313876 15 
Median Abs. Deviation:     0.0067545621882168 6 
 
Mean:                      4.6652657095778 12.482233502538 
Trim Mean (10%):          4.849519317797 11.525139664804 
Standard Deviation:        1.1027657528232 10.817636431108 
Variance:                  1.2160923055997 117.02125795563 
 
Coef. of Variation:        0.23637790888507 0.86664269090208 
Coef. of Skewness:         -3.2514769491433 1.6692444171505 
 
Root Mean Square:          4.7938289963829 16.517488040483 
Mean Square:               22.980796446562 272.82741116751 
————————————————————————————————— 
 
Complete Spatial Randomness 
 
Lambda:                    0.0065796494994616 
Clark and Evans:           0.75684641693546 
Skellam:                   187.16038491284 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Filtering: Not In Use 
 
 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
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Gridding Rules 
 
Gridding Method:  Inverse Distance to a Power 
Weighting Power:  2 
Smoothing Factor:  0 
Anisotropy Ratio:  1 
Anisotropy Angle:  0 
 
Search Parameters 
No Search (use all data): true 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Desktop\RAZ_meh.grd 
Grid Size:  73 rows x 100 columns 
Total Nodes: 7300 
Filled Nodes: 7300 
Blanked Nodes: 0 
 
Grid Geometry 
 
X Minimum: 464215.09 
X Maximum: 464418.23 
X Spacing: 2.0519191919187 
 
Y Minimum: 2357876.4 
Y Maximum: 2358023.79 
Y Spacing: 2.0470833333351 
 
Grid Statistics 
 
Z Minimum: 8.1704883137131 
Z 25%-tile: 31.474915356715 
Z Median: 31.940776076187 
Z 75%-tile: 32.447365726328 
Z Maximum: 63.347542436508 
 
Z Midrange: 35.759015375111 
Z Range: 55.177054122795 
Z Interquartile Range: 0.97245036961309 
Z Median Abs. Deviation: 0.48132109207096 
 
Z Mean: 31.903498896081 
Z Trim Mean (10%): 31.92361563892 
Z Standard Deviation: 2.6245005117883 
Z Variance: 6.8880029363772 
 
Z Coef. of Variation: 0.082263720362995 
Z Coef. of Skewness: 0.0051514684094157 
 
Z Root Mean Square: 32.011267465513 
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Z Mean Square: 1024.7212447486 
 
 

Report for Kriging Interpolation of Soil Phosphate Values at San Antonio Xuxub 

 
 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:41:50 2016 
Elapsed time for gridding:  0.08 seconds 
 
 

Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SAX_meh.txt 
X Column:  P 
Y Column:  Q 
Z Column:  L 
 
 

Data Counts 
 
Active Data: 179 
 
Original Data: 179 
Excluded Data: 0 
Deleted Duplicates: 0 
Retained Duplicates: 0 
Artificial Data: 0 
Superseded Data: 0 
 
 

Univariate Statistics 
 
——————————————————————————————————————————
— 
                           X Y Z 
——————————————————————————————————————————
— 
Minimum:                   472390.29 2368389.9 1 
25%-tile:                 472421.29 2368452.22 38 
Median:                    472425.29 2368495.9 52 
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75%-tile:                 472473.72 2368499.9 67 
Maximum:                   472750.55 2368517.89 104 
 
Midrange:                  472570.42 2368453.895 52.5 
Range:                     360.26000000001 127.99000000022 103 
Interquartile Range:       52.429999999993 47.679999999702 29 
Median Abs. Deviation:     5 6.9900000002235 14 
 
Mean:                      472466.49145251 2368479.5702235 52.240223463687 
Trim Mean (10%):          472456.30429448 2368481.7079141 52.282208588957 
Standard Deviation:        97.68876438035 32.455731551799 21.433106328235 
Variance:                  9543.0946861595 1053.3745105624 459.37804687744 
 
Coef. of Variation:          0.41027975967855 
Coef. of Skewness:           0.037884788132908 
—————————————————————————————————————————— 
 
 

Inter-Variable Correlation 
 
———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  -0.870 -0.267 
Y:  1.000  0.260  
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 9543.0946861595 -2758.5662612186 -559.44263943073 
Y:  1053.3745105624 181.13329827331 
Z:   459.37804687744 
———————————————————————————————— 
 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
—————————————————————————————————————————— 
                     A B C 
—————————————————————————————————————————— 
Parameter Value:     0.00064220772808399 -0.0012743626007247 2767.1192018337 
Standard Error:      0 0 0 
—————————————————————————————————————————— 
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Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -116.61142412701 -58.305712063506 -
0.12462 
Residual:   176 82345.281815188 467.87091940448     
Total:      178 82228.670391061         
—————————————————————————————————————————— 
 
Coefficient of Multiple Determination (R^2):   -0.0014181358347696 
 
 

Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.0099999997764826 0 
25%-tile:                 1 9 
Median:                    4.4766617025735 17 
75%-tile:                 5 30 
Maximum:                   5.4625451945066 81 
 
Midrange:                  2.7362725971415 40.5 
Range:                     5.4525451947301 81 
Interquartile Range:       4 21 
Median Abs. Deviation:     0.7439512884585 9 
 
Mean:                      2.9546279505825 21.011173184358 
Trim Mean (10%):          2.9795754462935 20 
Standard Deviation:        2.0929412993603 15.985674042758 
Variance:                  4.380403282568 255.54177460129 
 
Coef. of Variation:        0.70836035344067 0.76081777549949 
Coef. of Skewness:         -0.11146939918503 0.99117416372752 
 
Root Mean Square:          3.6208051050742 26.400969171308 
Mean Square:               13.110229608931 697.01117318436 
————————————————————————————————— 
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Complete Spatial Randomness 
 
Lambda:                    0.0038820484135437 
Clark and Evans:           0.36818260926215 
Skellam:                   57.240595653404 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 4.2E-005       
Y Duplicate Tolerance: 1.5E-005       
 
No duplicate data were found. 
 
 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
 
 

Gridding Rules 
 
Gridding Method:  Kriging 
Kriging Type:  Point 
 
Polynomial Drift Order:  0 
Kriging std. deviation grid:  no 
 
Semi-Variogram Model 
Component Type:  Linear 
Anisotropy Angle:  0 
Anisotropy Ratio:  1 
Variogram Slope:  1 
 
Search Parameters 
No Search (use all data): true 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SAX_meh.grd 
Grid Size:  36 rows x 100 columns 
Total Nodes: 3600 



482 
 

Filled Nodes: 3600 
Blanked Nodes: 0 
 
Grid Geometry 
 
X Minimum: 472390.29 
X Maximum: 472750.55 
X Spacing: 3.63898989899 
 
Y Minimum: 2368389.9 
Y Maximum: 2368517.89 
Y Spacing: 3.6568571428635 
 
Grid Statistics 
 
Z Minimum: 5.2862664261154 
Z 25%-tile: 42.483946206742 
Z Median: 57.971760146759 
Z 75%-tile: 63.642435621968 
Z Maximum: 86.071445069395 
 
Z Midrange: 45.678855747755 
Z Range: 80.78517864328 
Z Interquartile Range: 21.158489415226 
Z Median Abs. Deviation: 8.490809498029 
 
Z Mean: 53.287699333676 
Z Trim Mean (10%): 53.763449752641 
Z Standard Deviation: 14.364572988504 
Z Variance: 206.34095714207 
 
Z Coef. of Variation: 0.26956639464872 
Z Coef. of Skewness: -0.59527206247458 
 
Z Root Mean Square: 55.189852848313 
Z Mean Square: 3045.9198574184 
 
 

Report for Inverse Distance Weighted Interpolation of Soil Phosphate Values at 
San Antonio Xuxub 

 
—————————— 
Gridding Report 
—————————— 
 
Sun May 08 11:43:01 2016 
Elapsed time for gridding:  0.03 seconds 
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Data Source 
 
Source Data File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SAX_meh.txt 
X Column:  P 
Y Column:  Q 
Z Column:  L 
 
 

Data Counts 
 
Active Data: 179 
 
Original Data: 179 
Excluded Data: 0 
Deleted Duplicates: 0 
Retained Duplicates: 0 
Artificial Data: 0 
Superseded Data: 0 
 
 

Univariate Statistics 
 
—————————————————————————————————————————— 
                           X Y Z 
—————————————————————————————————————————— 
Minimum:                   472390.29 2368389.9 1 
25%-tile:                 472421.29 2368452.22 38 
Median:                    472425.29 2368495.9 52 
75%-tile:                 472473.72 2368499.9 67 
Maximum:                   472750.55 2368517.89 104 
 
Midrange:                  472570.42 2368453.895 52.5 
Range:                     360.26000000001 127.99000000022 103 
Interquartile Range:       52.429999999993 47.679999999702 29 
Median Abs. Deviation:     5 6.9900000002235 14 
 
Mean:                      472466.49145251 2368479.5702235 52.240223463687 
Trim Mean (10%):          472456.30429448 2368481.7079141 52.282208588957 
Standard Deviation:        97.68876438035 32.455731551799 21.433106328235 
Variance:                  9543.0946861595 1053.3745105624 459.37804687744 
 
Coef. of Variation:          0.41027975967855 
Coef. of Skewness:           0.037884788132908 
—————————————————————————————————————————— 
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Inter-Variable Correlation 
 
———————————————————————————— 
 X Y Z 
———————————————————————————— 
X: 1.000  -0.870 -0.267 
Y:  1.000  0.260  
Z:   1.000  
———————————————————————————— 
 
 

Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X: 9543.0946861595 -2758.5662612186 -559.44263943073 
Y:  1053.3745105624 181.13329827331 
Z:   459.37804687744 
———————————————————————————————— 
 
 

Planar Regression: Z = AX+BY+C 
 
Fitted Parameters 
—————————————————————————————————————————— 
                     A B C 
—————————————————————————————————————————— 
Parameter Value:     0.00064220772808399 -0.0012743626007247 2767.1192018337 
Standard Error:      0 0 0 
—————————————————————————————————————————— 
 
Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000  0.000  0.000  
B:  1.000  0.000  
C:   1.000  
———————————————————————————— 
 
ANOVA Table 
—————————————————————————————————————————— 
Source  df  Sum of Squares  Mean Square F  
—————————————————————————————————————————— 
Regression: 2 -116.61142412701 -58.305712063506 -
0.12462 
Residual:   176 82345.281815188 467.87091940448     
Total:      178 82228.670391061         
—————————————————————————————————————————— 
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Coefficient of Multiple Determination (R^2):   -0.0014181358347696 
 
 

Nearest Neighbor Statistics 
 
————————————————————————————————— 
                           Separation |Delta Z| 
————————————————————————————————— 
Minimum:                   0.0099999997764826 0 
25%-tile:                 1 9 
Median:                    4.4766617025735 17 
75%-tile:                 5 30 
Maximum:                   5.4625451945066 81 
 
Midrange:                  2.7362725971415 40.5 
Range:                     5.4525451947301 81 
Interquartile Range:       4 21 
Median Abs. Deviation:     0.7439512884585 9 
 
Mean:                      2.9546279505825 21.011173184358 
Trim Mean (10%):          2.9795754462935 20 
Standard Deviation:        2.0929412993603 15.985674042758 
Variance:                  4.380403282568 255.54177460129 
 
Coef. of Variation:        0.70836035344067 0.76081777549949 
Coef. of Skewness:         -0.11146939918503 0.99117416372752 
 
Root Mean Square:          3.6208051050742 26.400969171308 
Mean Square:               13.110229608931 697.01117318436 
————————————————————————————————— 
 
Complete Spatial Randomness 
 
Lambda:                    0.0038820484135437 
Clark and Evans:           0.36818260926215 
Skellam:                   57.240595653404 
 
 

Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 

Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 4.2E-005       
Y Duplicate Tolerance: 1.5E-005       
 
No duplicate data were found. 
 



486 
 

 

Breakline Filtering 
 
Breakline Filtering: Not In Use 
 
 

Gridding Rules 
 
Gridding Method:  Inverse Distance to a Power 
Weighting Power:  2 
Smoothing Factor:  0 
Anisotropy Ratio:  1 
Anisotropy Angle:  0 
 
Search Parameters 
No Search (use all data): true 
 
 

Output Grid 
 
Grid File Name:  C:\Users\jrobe_000\Google 
Drive\DissertationSpatial_working\SurferFiles\Point_Files\Text_Files\SAX_meh.grd 
Grid Size:  36 rows x 100 columns 
Total Nodes: 3600 
Filled Nodes: 3600 
Blanked Nodes: 0 
 
Grid Geometry 
 
X Minimum: 472390.29 
X Maximum: 472750.55 
X Spacing: 3.63898989899 
 
Y Minimum: 2368389.9 
Y Maximum: 2368517.89 
Y Spacing: 3.6568571428635 
 
Grid Statistics 
 
Z Minimum: 10.933976580762 
Z 25%-tile: 45.920130665872 
Z Median: 50.505705052117 
Z 75%-tile: 52.179755571898 
Z Maximum: 81.642186011322 
 
Z Midrange: 46.288081296042 
Z Range: 70.70820943056 
Z Interquartile Range: 6.259624906026 
Z Median Abs. Deviation: 2.4796887365666 
 
Z Mean: 48.763792088447 
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Z Trim Mean (10%): 49.107404172197 
Z Standard Deviation: 5.9831692745213 
Z Variance: 35.798314567575 
 
Z Coef. of Variation: 0.12269696465913 
Z Coef. of Skewness: -1.1571745703765 
 
Z Root Mean Square: 49.129479270728 
Z Mean Square: 2413.7057334129 
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APPENDIX H : ARTIFACT ANALYSIS INFORMATION  
 

 

 

Artifact Analysis Table Example 
 

 
 
Table  H.1: Artifact analysis table example. 
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Attributes Recorded by Material Type 
 

Attributes recorded for: 
All material types: 

Operation  
Suboperation 
Lot  
Weight 
Number 
Category 
Class 
Comments 

  
 American/English Ceramics: 

Portion 
Color 
Size 
Form 
Glaze 
Decoration 
(Terminus post quem) TPQ 
(Terminus a quo) TAQ 
Modern 
 

 Fauna: 
Type 
Element 
Reuse? 
TPQ 
TAQ 
Modern 
 

Glass: 
Portion 
Color 
Form 
Contents 
Finish (style of closure) 
Surface Treatment  
TPQ 
TAQ 
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Lithics 
  Material (stone type) 

Type 
Portion 
Form 
Heat Altered/Burned 
Reuse? 
TPQ 
TAQ 
 

Metal: 
Type (of object) 
Portion 
Material 
Seams (tin cans) 
Closure (tin cans) 
Mode of Open (tin cans) 
Gauge 
TPQ 
TAQ 

 
Pipes (smoking): 

Type 
Portion 
TPQ 
TAQ 
 

Local Ceramics: 
Material type 
Eroded (degree) 
Color 
 

Other: 
Type 
Material 
Modern? 
Comments (more important than for other material types) 
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Categories and Classes used for Function-Based Analysis 
 

 

animal husbandry 
horse tack 

building material 
brick 
flooring 
roofing 
stucco 

ceramics 
ancient 
local ceramic 

domestic 
furniture 
electrical 
dry cell battery 
lighting 

fauna 
fauna 

firearms 
gun part 

ammunition 
cartridge shell 

fuel 
coal 

hardware 
hardware 
indeterminate 
machine part 
railroad 
supplies 
tools 

indeterminate 
indeterminate 

lithic 
chipped stone 
groundstone 

other 
other 

personal 
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medicine/cosmetics 
adornment 
clothing 

consumption 
indeterminate 
subsistence 
consumption 
preparation 
procurement 
storage 

recreation 
alcohol 
indeterminate 
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APPENDIX I : NOAA 1909-1910 TROPICAL 
STORM/HURRICANE STORM TRACK DATA 
 
 
Storm NOT NAMED is number 1 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
June 15 0 UTC 10.6N 82.5W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
June 15 6 UTC 10.8N 82.5W 0 deg 1 mph 1 kph 35 mph 55 kph -- mb Tropical Depression 
June 15 12 UTC 11.0N 82.5W 0 deg 1 mph 1 kph 40 mph 65 kph -- mb Tropical Storm 
June 15 18 UTC 11.2N 82.5W 0 deg 1 mph 1 kph 40 mph 65 kph -- mb Tropical Storm 
June 16 0 UTC 11.5N 82.5W 0 deg 3 mph 5 kph 45 mph 75 kph -- mb Tropical Storm 
June 16 6 UTC 11.7N 82.5W 0 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 16 12 UTC 12.0N 82.5W 0 deg 3 mph 5 kph 45 mph 75 kph -- mb Tropical Storm 
June 16 18 UTC 12.2N 82.5W 0 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 17 0 UTC 12.4N 82.5W 0 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 17 6 UTC 12.6N 82.5W 0 deg 2 mph 3 kph 45 mph 75 kph -- mb Tropical Storm 
June 17 12 UTC 12.8N 82.5W 0 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 17 18 UTC 13.0N 82.5W 0 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 18 0 UTC 13.2N 82.6W 335 deg 2 mph 3 kph 45 mph 75 kph -- mb Tropical Storm 
June 18 6 UTC 13.4N 82.7W 335 deg 2 mph 3 kph 45 mph 75 kph -- mb Tropical Storm 
June 18 12 UTC 13.5N 82.8W 315 deg 1 mph 1 kph 45 mph 75 kph -- mb Tropical Storm 
June 18 18 UTC 13.7N 83.0W 315 deg 2 mph 3 kph 45 mph 75 kph -- mb Tropical Storm 
June 19 0 UTC 13.8N 83.3W 290 deg 3 mph 5 kph 45 mph 75 kph -- mb Tropical Storm 
June 19 6 UTC 13.9N 83.6W 290 deg 3 mph 5 kph 40 mph 65 kph -- mb Tropical Storm 
June 19 12 UTC 14.0N 84.0W 285 deg 4 mph 7 kph 35 mph 55 kph -- mb Tropical Depression 
June 19 18 UTC 14.0N 84.5W 270 deg 4 mph 7 kph 30 mph 45 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 2 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
June 25 12 UTC 25.0N 84.0W -- deg -- mph -- kph 40 mph 65 kph -- mb Tropical Storm 
June 25 18 UTC 25.5N 84.7W 310 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
June 26 0 UTC 25.9N 85.5W 300 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
June 26 6 UTC 26.3N 86.2W 300 deg 8 mph 12 kph 40 mph 65 kph -- mb Tropical Storm 
June 26 12 UTC 26.7N 87.0W 300 deg 9 mph 14 kph 45 mph 75 kph -- mb Tropical Storm 
June 26 18 UTC 26.7N 87.7W 270 deg 6 mph 11 kph 45 mph 75 kph -- mb Tropical Storm 
June 27 0 UTC 26.6N 88.5W 260 deg 8 mph 12 kph 50 mph 85 kph -- mb Tropical Storm 
June 27 6 UTC 26.6N 89.3W 270 deg 8 mph 12 kph 50 mph 85 kph -- mb Tropical Storm 
June 27 12 UTC 26.5N 90.1W 260 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
June 27 18 UTC 26.5N 90.9W 270 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
June 28 0 UTC 26.4N 91.7W 260 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
June 28 6 UTC 26.4N 92.5W 270 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
June 28 12 UTC 26.3N 93.3W 260 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
June 28 18 UTC 26.3N 94.1W 270 deg 8 mph 12 kph 65 mph 100 kph -- mb Tropical Storm 
June 29 0 UTC 26.2N 94.9W 260 deg 8 mph 12 kph 75 mph 120 kph -- mb Hurricane - Category 1 
June 29 6 UTC 26.2N 95.7W 270 deg 8 mph 12 kph 85 mph 140 kph -- mb Hurricane - Category 1 
June 29 12 UTC 26.1N 96.5W 260 deg 8 mph 12 kph 100 mph 160 kph -- mb Hurricane - Category 2 
June 29 18 UTC 26.1N 97.3W 270 deg 8 mph 12 kph 80 mph 130 kph 972 mb Hurricane - Category 1 
June 30 0 UTC 26.0N 98.0W 260 deg 6 mph 11 kph 60 mph 95 kph -- mb Tropical Storm 
June 30 6 UTC 26.0N 98.6W 270 deg 5 mph 9 kph 40 mph 65 kph -- mb Tropical Storm 
June 30 12 UTC 26.0N 99.0W 270 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 3 of the year 1909 
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************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
June 26 12 UTC 21.0N 72.0W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
June 26 18 UTC 21.2N 73.1W 280 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
June 27 0 UTC 21.4N 74.1W 280 deg 10 mph 16 kph 35 mph 55 kph -- mb Tropical Depression 
June 27 6 UTC 21.7N 75.1W 290 deg 10 mph 16 kph 35 mph 55 kph -- mb Tropical Depression 
June 27 12 UTC 22.0N 76.0W 290 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
June 27 18 UTC 22.7N 76.9W 310 deg 11 mph 18 kph 40 mph 65 kph -- mb Tropical Storm 
June 28 0 UTC 23.4N 77.6W 315 deg 10 mph 16 kph 40 mph 65 kph -- mb Tropical Storm 
June 28 6 UTC 24.2N 78.5W 315 deg 12 mph 20 kph 45 mph 75 kph -- mb Tropical Storm 
June 28 12 UTC 25.0N 79.3W 320 deg 11 mph 18 kph 50 mph 85 kph -- mb Tropical Storm 
June 28 18 UTC 25.8N 79.9W 325 deg 10 mph 16 kph 50 mph 85 kph -- mb Tropical Storm 
June 29 0 UTC 26.5N 80.5W 320 deg 9 mph 14 kph 45 mph 75 kph -- mb Tropical Storm 
June 29 6 UTC 27.3N 81.1W 325 deg 10 mph 16 kph 40 mph 65 kph -- mb Tropical Storm 
June 29 12 UTC 28.0N 81.7W 325 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
June 29 18 UTC 28.4N 82.2W 310 deg 5 mph 9 kph 40 mph 65 kph -- mb Tropical Storm 
June 30 0 UTC 29.0N 82.9W 315 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
June 30 6 UTC 29.5N 83.4W 320 deg 6 mph 11 kph 40 mph 65 kph -- mb Tropical Storm 
June 30 12 UTC 30.0N 84.0W 315 deg 8 mph 12 kph 40 mph 65 kph -- mb Tropical Storm 
June 30 18 UTC 30.2N 84.3W 310 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
July 1 0 UTC 30.4N 84.5W 320 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
July 1 6 UTC 30.6N 84.6W 335 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
July 1 12 UTC 31.0N 84.7W 350 deg 4 mph 7 kph 35 mph 55 kph -- mb Tropical Depression 
July 1 18 UTC 31.3N 84.6W 15 deg 3 mph 5 kph 30 mph 45 kph -- mb Tropical Depression 
July 2 0 UTC 31.6N 84.3W 40 deg 3 mph 5 kph 30 mph 45 kph -- mb Tropical Depression 
July 2 6 UTC 31.9N 83.8W 55 deg 5 mph 9 kph 30 mph 45 kph -- mb Tropical Depression 
July 2 12 UTC 32.0N 83.5W 70 deg 2 mph 3 kph 30 mph 45 kph -- mb Tropical Depression 
July 2 18 UTC 32.2N 82.8W 70 deg 6 mph 11 kph 30 mph 45 kph -- mb Tropical Depression 
July 3 0 UTC 32.4N 81.7W 80 deg 10 mph 16 kph 30 mph 45 kph -- mb Tropical Depression 
July 3 6 UTC 32.4N 80.7W 90 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
July 3 12 UTC 32.3N 79.7W 95 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
July 3 18 UTC 32.0N 78.3W 105 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 4 0 UTC 31.5N 77.0W 115 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 4 6 UTC 31.0N 75.7W 115 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 4 12 UTC 30.3N 74.5W 125 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 4 18 UTC 29.6N 73.2W 120 deg 14 mph 24 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 4 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
July 13 12 UTC 12.3N 60.5W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
July 13 18 UTC 12.3N 62.0W 270 deg 16 mph 25 kph 35 mph 55 kph -- mb Tropical Depression 
July 14 0 UTC 12.4N 63.5W 275 deg 16 mph 25 kph 35 mph 55 kph -- mb Tropical Depression 
July 14 6 UTC 12.6N 64.9W 280 deg 14 mph 24 kph 35 mph 55 kph -- mb Tropical Depression 
July 14 12 UTC 13.0N 66.2W 290 deg 14 mph 24 kph 35 mph 55 kph -- mb Tropical Depression 
July 14 18 UTC 13.5N 67.4W 295 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 15 0 UTC 14.0N 68.6W 295 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 15 6 UTC 14.5N 69.8W 295 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 15 12 UTC 14.9N 71.0W 290 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
July 15 18 UTC 15.2N 72.2W 285 deg 12 mph 20 kph 35 mph 55 kph -- mb Tropical Depression 
July 16 0 UTC 15.5N 73.3W 285 deg 12 mph 20 kph 35 mph 55 kph -- mb Tropical Depression 
July 16 6 UTC 15.8N 74.4W 285 deg 12 mph 20 kph 35 mph 55 kph -- mb Tropical Depression 
July 16 12 UTC 16.0N 75.5W 280 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
July 16 18 UTC 16.2N 76.7W 280 deg 12 mph 20 kph 35 mph 55 kph -- mb Tropical Depression 
July 17 0 UTC 16.4N 77.8W 280 deg 11 mph 18 kph 40 mph 65 kph -- mb Tropical Storm 
July 17 6 UTC 16.7N 78.9W 285 deg 11 mph 18 kph 45 mph 75 kph -- mb Tropical Storm 
July 17 12 UTC 17.2N 80.0W 295 deg 12 mph 20 kph 50 mph 85 kph -- mb Tropical Storm 
July 17 18 UTC 18.0N 81.0W 310 deg 13 mph 22 kph 60 mph 95 kph -- mb Tropical Storm 
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July 18 0 UTC 19.0N 82.0W 315 deg 14 mph 24 kph 65 mph 100 kph -- mb Tropical Storm 
July 18 6 UTC 20.0N 83.0W 315 deg 14 mph 24 kph 70 mph 110 kph -- mb Tropical Storm 
July 18 12 UTC 21.0N 84.0W 315 deg 14 mph 24 kph 70 mph 110 kph -- mb Tropical Storm 
July 18 18 UTC 22.0N 85.0W 315 deg 14 mph 24 kph 75 mph 120 kph -- mb Hurricane - Category 1 
July 19 0 UTC 23.0N 85.9W 320 deg 14 mph 24 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 19 6 UTC 24.0N 86.7W 325 deg 13 mph 22 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 19 12 UTC 25.0N 87.5W 325 deg 13 mph 22 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 19 18 UTC 25.6N 88.3W 310 deg 10 mph 16 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 20 0 UTC 26.1N 88.9W 315 deg 8 mph 12 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 20 6 UTC 26.6N 89.7W 305 deg 9 mph 14 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 20 12 UTC 27.0N 90.6W 295 deg 9 mph 14 kph 80 mph 130 kph -- mb Hurricane - Category 1 
July 20 18 UTC 27.4N 91.5W 295 deg 9 mph 14 kph 80 mph 130 kph 985 mb Hurricane - Category 1 
July 21 0 UTC 27.8N 92.5W 295 deg 10 mph 16 kph 90 mph 150 kph -- mb Hurricane - Category 1 
July 21 6 UTC 28.2N 93.5W 295 deg 10 mph 16 kph 105 mph 165 kph -- mb Hurricane - Category 2 
July 21 12 UTC 28.6N 94.5W 295 deg 10 mph 16 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
July 21 18 UTC 29.0N 95.5W 295 deg 10 mph 16 kph 105 mph 165 kph 959 mb Hurricane - Category 2 
July 22 0 UTC 29.3N 96.5W 290 deg 10 mph 16 kph 75 mph 120 kph -- mb Hurricane - Category 1 
July 22 6 UTC 29.6N 97.6W 285 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
July 22 12 UTC 30.2N 98.8W 300 deg 13 mph 22 kph 30 mph 45 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 5 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
August 6 0 UTC 16.6N 79.5W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
August 6 6 UTC 17.3N 80.0W 325 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
August 6 12 UTC 18.0N 80.5W 325 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
August 6 18 UTC 18.8N 81.2W 320 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
August 7 0 UTC 19.6N 82.0W 315 deg 12 mph 20 kph 40 mph 65 kph -- mb Tropical Storm 
August 7 6 UTC 20.6N 83.0W 315 deg 14 mph 24 kph 40 mph 65 kph -- mb Tropical Storm 
August 7 12 UTC 21.0N 84.3W 290 deg 13 mph 22 kph 45 mph 75 kph 1004 mb Tropical Storm 
August 7 18 UTC 20.9N 85.4W 265 deg 11 mph 18 kph 45 mph 75 kph -- mb Tropical Storm 
August 8 0 UTC 20.8N 86.5W 265 deg 11 mph 18 kph 45 mph 75 kph -- mb Tropical Storm 
August 8 6 UTC 20.6N 87.6W 260 deg 11 mph 18 kph 40 mph 65 kph -- mb Tropical Storm 
August 8 12 UTC 20.5N 88.5W 265 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
August 8 18 UTC 20.4N 89.3W 260 deg 8 mph 12 kph 35 mph 55 kph -- mb Tropical Depression 
August 9 0 UTC 20.4N 90.4W 270 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
August 9 6 UTC 20.4N 91.4W 270 deg 10 mph 16 kph 40 mph 65 kph -- mb Tropical Storm 
August 9 12 UTC 20.5N 92.5W 275 deg 11 mph 18 kph 40 mph 65 kph -- mb Tropical Storm 
August 9 18 UTC 20.9N 93.9W 285 deg 14 mph 24 kph 40 mph 65 kph -- mb Tropical Storm 
August 10 0 UTC 21.5N 95.4W 295 deg 17 mph 27 kph 40 mph 65 kph -- mb Tropical Storm 
August 10 6 UTC 22.3N 97.0W 300 deg 18 mph 29 kph 40 mph 65 kph -- mb Tropical Storm 
August 10 12 UTC 23.0N 98.5W 295 deg 17 mph 27 kph 35 mph 55 kph -- mb Tropical Depression 
August 10 18 UTC 23.7N 99.8W 300 deg 14 mph 24 kph 30 mph 45 kph -- mb Tropical Depression 
Storm NOT NAMED is number 6 of the year 1909 
August 20 6 UTC 15.4N 55.3W -- deg -- mph -- kph 70 mph 110 kph -- mb Tropical Storm 
August 20 12 UTC 15.5N 56.3W 275 deg 10 mph 16 kph 70 mph 110 kph -- mb Tropical Storm 
August 20 18 UTC 15.7N 57.3W 280 deg 10 mph 16 kph 80 mph 130 kph -- mb Hurricane - Category 1 
August 21 0 UTC 15.9N 58.2W 285 deg 9 mph 14 kph 80 mph 130 kph -- mb Hurricane - Category 1 
August 21 6 UTC 16.1N 59.4W 280 deg 12 mph 20 kph 80 mph 130 kph -- mb Hurricane - Category 1 
August 21 12 UTC 16.3N 60.5W 280 deg 11 mph 18 kph 80 mph 130 kph -- mb Hurricane - Category 1 
August 21 18 UTC 16.5N 61.9W 280 deg 14 mph 24 kph 85 mph 140 kph -- mb Hurricane - Category 1 
August 22 0 UTC 16.7N 63.0W 280 deg 11 mph 18 kph 85 mph 140 kph -- mb Hurricane - Category 1 
August 22 6 UTC 17.0N 64.2W 285 deg 12 mph 20 kph 85 mph 140 kph -- mb Hurricane - Category 1 
August 22 12 UTC 17.3N 65.7W 280 deg 16 mph 25 kph 90 mph 150 kph -- mb Hurricane - Category 1 
August 22 18 UTC 17.6N 67.5W 280 deg 19 mph 31 kph 90 mph 150 kph -- mb Hurricane - Category 1 
August 23 0 UTC 17.9N 69.1W 280 deg 17 mph 27 kph 90 mph 150 kph -- mb Hurricane - Category 1 
August 23 6 UTC 18.3N 70.7W 285 deg 17 mph 27 kph 80 mph 130 kph -- mb Hurricane - Category 1 
August 23 12 UTC 18.8N 72.3W 290 deg 17 mph 27 kph 75 mph 120 kph -- mb Hurricane - Category 1 
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August 23 18 UTC 19.9N 74.0W 305 deg 21 mph 35 kph 85 mph 140 kph -- mb Hurricane - Category 1 
August 24 0 UTC 20.3N 75.8W 285 deg 19 mph 31 kph 75 mph 120 kph -- mb Hurricane - Category 1 
August 24 6 UTC 20.5N 77.6W 275 deg 18 mph 29 kph 75 mph 120 kph -- mb Hurricane - Category 1 
August 24 12 UTC 20.6N 79.5W 275 deg 19 mph 31 kph 85 mph 140 kph -- mb Hurricane - Category 1 
August 24 18 UTC 20.7N 81.1W 275 deg 17 mph 27 kph 100 mph 160 kph -- mb Hurricane - Category 2 
August 25 0 UTC 20.8N 82.6W 275 deg 16 mph 25 kph 110 mph 175 kph -- mb Hurricane - Category 2 
August 25 6 UTC 20.9N 84.1W 275 deg 16 mph 25 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
August 25 12 UTC 21.0N 85.5W 275 deg 14 mph 24 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
August 25 18 UTC 21.1N 86.9W 275 deg 14 mph 24 kph 105 mph 165 kph -- mb Hurricane - Category 2 
August 26 0 UTC 21.3N 88.4W 280 deg 16 mph 25 kph 90 mph 150 kph -- mb Hurricane - Category 1 
August 26 6 UTC 21.6N 89.7W 285 deg 13 mph 22 kph 105 mph 165 kph -- mb Hurricane - Category 2 
August 26 12 UTC 22.0N 91.0W 290 deg 13 mph 22 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
August 26 18 UTC 22.5N 92.5W 290 deg 16 mph 25 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
August 27 0 UTC 22.9N 94.0W 285 deg 16 mph 25 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
August 27 6 UTC 23.3N 95.5W 285 deg 16 mph 25 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
August 27 12 UTC 23.7N 96.7W 290 deg 12 mph 20 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
August 27 18 UTC 23.8N 97.3W 280 deg 5 mph 9 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
August 28 0 UTC 23.7N 97.9W 260 deg 5 mph 9 kph 100 mph 160 kph -- mb Hurricane - Category 2 
August 28 6 UTC 23.7N 98.3W 270 deg 3 mph 5 kph 65 mph 100 kph -- mb Tropical Storm 
August 28 12 UTC 23.7N 98.7W 270 deg 3 mph 5 kph 40 mph 65 kph -- mb Tropical Storm 
 
 
Storm NOT NAMED is number 7 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
August 28 0 UTC 23.7N 73.0W -- deg -- mph -- kph 40 mph 65 kph -- mb Tropical Storm 
August 28 6 UTC 24.6N 74.4W 305 deg 17 mph 27 kph 40 mph 65 kph -- mb Tropical Storm 
August 28 12 UTC 25.5N 76.0W 300 deg 19 mph 31 kph 45 mph 75 kph -- mb Tropical Storm 
August 28 18 UTC 26.0N 77.3W 295 deg 13 mph 22 kph 45 mph 75 kph -- mb Tropical Storm 
August 29 0 UTC 26.3N 78.5W 285 deg 12 mph 20 kph 50 mph 85 kph -- mb Tropical Storm 
August 29 6 UTC 26.4N 79.6W 275 deg 10 mph 16 kph 50 mph 85 kph -- mb Tropical Storm 
August 29 12 UTC 26.5N 80.5W 275 deg 9 mph 14 kph 45 mph 75 kph -- mb Tropical Storm 
August 29 18 UTC 26.6N 80.9W 285 deg 3 mph 5 kph 40 mph 65 kph -- mb Tropical Storm 
August 30 0 UTC 26.8N 81.2W 305 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
August 30 6 UTC 27.1N 81.5W 320 deg 4 mph 7 kph 35 mph 55 kph -- mb Tropical Depression 
August 30 12 UTC 27.7N 81.7W 345 deg 6 mph 11 kph 35 mph 55 kph -- mb Tropical Depression 
August 30 18 UTC 28.5N 81.3W 25 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
August 31 0 UTC 29.5N 80.5W 35 deg 13 mph 22 kph 40 mph 65 kph -- mb Tropical Storm 
August 31 6 UTC 30.4N 79.7W 40 deg 12 mph 20 kph 40 mph 65 kph -- mb Tropical Storm 
August 31 12 UTC 31.0N 79.0W 45 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
August 31 18 UTC 31.5N 78.4W 45 deg 8 mph 12 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 8 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
September 13 12 UTC 17.5N 71.0W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
September 13 18 UTC 17.8N 72.5W 280 deg 16 mph 25 kph 35 mph 55 kph -- mb Tropical Depression 
September 14 0 UTC 18.1N 73.9W 285 deg 14 mph 24 kph 35 mph 55 kph -- mb Tropical Depression 
September 14 6 UTC 18.3N 75.2W 280 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
September 14 12 UTC 18.5N 76.5W 280 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
September 14 18 UTC 18.7N 77.5W 280 deg 10 mph 16 kph 35 mph 55 kph -- mb Tropical Depression 
September 15 0 UTC 18.9N 78.4W 285 deg 9 mph 14 kph 40 mph 65 kph -- mb Tropical Storm 
September 15 6 UTC 19.1N 79.3W 285 deg 9 mph 14 kph 45 mph 75 kph -- mb Tropical Storm 
September 15 12 UTC 19.3N 80.0W 285 deg 6 mph 11 kph 50 mph 85 kph -- mb Tropical Storm 
September 15 18 UTC 19.5N 80.6W 290 deg 6 mph 11 kph 60 mph 95 kph -- mb Tropical Storm 
September 16 0 UTC 19.6N 81.0W 285 deg 3 mph 5 kph 65 mph 100 kph -- mb Tropical Storm 
September 16 6 UTC 19.9N 81.5W 305 deg 5 mph 9 kph 70 mph 110 kph -- mb Tropical Storm 
September 16 12 UTC 20.3N 82.0W 310 deg 6 mph 11 kph 75 mph 120 kph -- mb Hurricane - Category 1 
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September 16 18 UTC 20.6N 82.4W 310 deg 4 mph 7 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 17 0 UTC 20.9N 82.9W 305 deg 5 mph 9 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 17 6 UTC 21.3N 83.3W 315 deg 5 mph 9 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 17 12 UTC 21.7N 83.7W 315 deg 5 mph 9 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 17 18 UTC 22.0N 84.2W 305 deg 5 mph 9 kph 100 mph 160 kph 976 mb Hurricane - Category 2 
September 18 0 UTC 22.3N 84.5W 315 deg 4 mph 7 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 18 6 UTC 22.6N 84.9W 310 deg 4 mph 7 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 18 12 UTC 22.9N 85.4W 305 deg 5 mph 9 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 18 18 UTC 23.2N 85.9W 305 deg 5 mph 9 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 19 0 UTC 23.5N 86.7W 290 deg 8 mph 12 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 19 6 UTC 23.9N 87.4W 300 deg 8 mph 12 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 19 12 UTC 24.3N 88.0W 305 deg 6 mph 11 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 19 18 UTC 24.8N 88.5W 320 deg 6 mph 11 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 20 0 UTC 25.4N 89.0W 325 deg 8 mph 12 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 20 6 UTC 26.1N 89.5W 325 deg 9 mph 14 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 20 12 UTC 26.9N 90.1W 325 deg 10 mph 16 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 20 18 UTC 27.7N 90.7W 325 deg 10 mph 16 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
September 21 0 UTC 29.5N 91.3W 345 deg 20 mph 33 kph 120 mph 195 kph 952 mb Major Hurricane - Category 3 
September 21 6 UTC 31.4N 91.7W 350 deg 21 mph 35 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 21 12 UTC 33.2N 91.5W 5 deg 20 mph 33 kph 65 mph 100 kph -- mb Tropical Storm 
September 21 18 UTC 35.0N 91.3W 5 deg 20 mph 33 kph 45 mph 75 kph -- mb Tropical Storm 
September 22 0 UTC 36.8N 91.1W 5 deg 20 mph 33 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 9 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
September 24 0 UTC 22.0N 83.0W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
September 24 6 UTC 22.5N 83.0W 0 deg 5 mph 9 kph 35 mph 55 kph -- mb Tropical Depression 
September 24 12 UTC 23.0N 83.0W 0 deg 5 mph 9 kph 35 mph 55 kph -- mb Tropical Depression 
September 24 18 UTC 23.5N 83.0W 0 deg 5 mph 9 kph 35 mph 55 kph -- mb Tropical Depression 
September 25 0 UTC 24.1N 83.0W 0 deg 6 mph 11 kph 35 mph 55 kph -- mb Tropical Depression 
September 25 6 UTC 24.7N 83.0W 0 deg 6 mph 11 kph 35 mph 55 kph -- mb Tropical Depression 
September 25 12 UTC 25.3N 82.8W 15 deg 6 mph 11 kph 35 mph 55 kph -- mb Tropical Depression 
September 25 18 UTC 25.8N 82.2W 45 deg 8 mph 12 kph 35 mph 55 kph -- mb Tropical Depression 
September 26 0 UTC 26.3N 81.3W 60 deg 10 mph 16 kph 35 mph 55 kph -- mb Tropical Depression 
September 26 6 UTC 26.9N 80.4W 55 deg 11 mph 18 kph 35 mph 55 kph -- mb Tropical Depression 
September 26 12 UTC 27.5N 79.5W 55 deg 11 mph 18 kph 40 mph 65 kph -- mb Tropical Storm 
September 26 18 UTC 28.0N 78.9W 45 deg 8 mph 12 kph 40 mph 65 kph -- mb Tropical Storm 
September 27 0 UTC 28.4N 78.4W 50 deg 5 mph 9 kph 45 mph 75 kph -- mb Tropical Storm 
September 27 6 UTC 29.0N 77.8W 40 deg 8 mph 12 kph 50 mph 85 kph -- mb Tropical Storm 
September 27 12 UTC 29.5N 77.0W 55 deg 9 mph 14 kph 60 mph 95 kph -- mb Tropical Storm 
September 27 18 UTC 30.1N 75.0W 70 deg 20 mph 33 kph 60 mph 95 kph -- mb Tropical Storm 
September 28 0 UTC 30.6N 72.8W 75 deg 21 mph 35 kph 60 mph 95 kph -- mb Tropical Storm 
September 28 6 UTC 31.1N 70.6W 75 deg 21 mph 35 kph 50 mph 85 kph -- mb Tropical Storm 
September 28 12 UTC 31.5N 68.7W 75 deg 18 mph 29 kph 45 mph 75 kph -- mb Tropical Storm 
September 28 18 UTC 31.8N 66.9W 80 deg 17 mph 27 kph 40 mph 65 kph -- mb Tropical Storm 
September 29 0 UTC 32.2N 65.5W 70 deg 13 mph 22 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 10 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
October 6 12 UTC 10.7N 76.0W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
October 6 18 UTC 11.2N 76.3W 330 deg 5 mph 9 kph 35 mph 55 kph -- mb Tropical Depression 
October 7 0 UTC 12.0N 76.8W 330 deg 10 mph 16 kph 40 mph 65 kph -- mb Tropical Storm 
October 7 6 UTC 12.8N 77.2W 335 deg 9 mph 14 kph 45 mph 75 kph -- mb Tropical Storm 
October 7 12 UTC 13.7N 77.7W 330 deg 11 mph 18 kph 50 mph 85 kph -- mb Tropical Storm 
October 7 18 UTC 14.5N 78.2W 330 deg 10 mph 16 kph 60 mph 95 kph -- mb Tropical Storm 
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October 8 0 UTC 15.4N 78.6W 335 deg 10 mph 16 kph 65 mph 100 kph -- mb Tropical Storm 
October 8 6 UTC 16.4N 79.2W 330 deg 12 mph 20 kph 70 mph 110 kph -- mb Tropical Storm 
October 8 12 UTC 17.2N 79.8W 325 deg 10 mph 16 kph 75 mph 120 kph -- mb Hurricane - Category 1 
October 8 18 UTC 17.7N 80.5W 305 deg 9 mph 14 kph 80 mph 130 kph -- mb Hurricane - Category 1 
October 9 0 UTC 18.2N 81.1W 310 deg 8 mph 12 kph 90 mph 150 kph -- mb Hurricane - Category 1 
October 9 6 UTC 18.6N 81.7W 305 deg 6 mph 11 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 9 12 UTC 19.0N 82.5W 300 deg 9 mph 14 kph 110 mph 175 kph -- mb Hurricane - Category 2 
October 9 18 UTC 19.3N 83.2W 295 deg 8 mph 12 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
October 10 0 UTC 19.6N 83.8W 300 deg 6 mph 11 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 10 6 UTC 20.0N 84.2W 315 deg 5 mph 9 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 10 12 UTC 20.5N 84.4W 340 deg 5 mph 9 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 10 18 UTC 21.1N 84.5W 350 deg 6 mph 11 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 11 0 UTC 21.8N 84.5W 0 deg 6 mph 11 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 11 6 UTC 22.6N 84.1W 25 deg 9 mph 14 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 11 12 UTC 23.7N 83.0W 45 deg 16 mph 25 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 11 18 UTC 24.7N 81.0W 60 deg 23 mph 37 kph 115 mph 185 kph 957 mb Major Hurricane - Category 3 
October 12 0 UTC 26.0N 78.9W 55 deg 26 mph 42 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 12 6 UTC 27.5N 76.8W 50 deg 27 mph 44 kph 90 mph 150 kph -- mb Hurricane - Category 1 
October 12 12 UTC 29.0N 74.8W 50 deg 26 mph 42 kph 80 mph 130 kph -- mb Hurricane - Category 1 
October 12 18 UTC 30.3N 72.6W 55 deg 26 mph 42 kph 70 mph 110 kph -- mb Tropical Storm 
October 13 0 UTC 31.6N 70.0W 60 deg 28 mph 46 kph 60 mph 95 kph -- mb Tropical Storm 
October 13 6 UTC 32.9N 67.5W 60 deg 27 mph 44 kph 45 mph 75 kph -- mb Tropical Storm 
October 13 12 UTC 34.0N 65.0W 60 deg 26 mph 42 kph 40 mph 65 kph -- mb Tropical Storm 
October 13 18 UTC 34.9N 62.9W 65 deg 21 mph 35 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 11 of the year 1909 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
November 8 12 UTC 10.5N 81.0W -- deg -- mph -- kph 40 mph 65 kph -- mb Tropical Storm 
November 8 18 UTC 10.7N 80.8W 45 deg 2 mph 3 kph 40 mph 65 kph -- mb Tropical Storm 
November 9 0 UTC 10.9N 80.6W 45 deg 2 mph 3 kph 40 mph 65 kph -- mb Tropical Storm 
November 9 6 UTC 11.1N 80.4W 45 deg 2 mph 3 kph 40 mph 65 kph -- mb Tropical Storm 
November 9 12 UTC 11.3N 80.2W 45 deg 2 mph 3 kph 40 mph 65 kph -- mb Tropical Storm 
November 9 18 UTC 11.6N 80.0W 35 deg 3 mph 5 kph 40 mph 65 kph -- mb Tropical Storm 
November 10 0 UTC 12.1N 79.7W 30 deg 5 mph 9 kph 40 mph 65 kph -- mb Tropical Storm 
November 10 6 UTC 12.7N 79.4W 25 deg 6 mph 11 kph 45 mph 75 kph -- mb Tropical Storm 
November 10 12 UTC 13.3N 79.1W 25 deg 6 mph 11 kph 45 mph 75 kph -- mb Tropical Storm 
November 10 18 UTC 13.9N 78.8W 25 deg 6 mph 11 kph 50 mph 85 kph -- mb Tropical Storm 
November 11 0 UTC 14.5N 78.5W 25 deg 6 mph 11 kph 50 mph 85 kph -- mb Tropical Storm 
November 11 6 UTC 15.1N 78.0W 40 deg 8 mph 12 kph 60 mph 95 kph -- mb Tropical Storm 
November 11 12 UTC 15.7N 77.4W 45 deg 9 mph 14 kph 60 mph 95 kph -- mb Tropical Storm 
November 11 18 UTC 16.5N 76.7W 40 deg 11 mph 18 kph 65 mph 100 kph -- mb Tropical Storm 
November 12 0 UTC 17.4N 76.0W 35 deg 12 mph 20 kph 70 mph 110 kph -- mb Tropical Storm 
November 12 6 UTC 18.2N 75.3W 40 deg 11 mph 18 kph 75 mph 120 kph -- mb Hurricane - Category 1 
November 12 12 UTC 19.0N 74.5W 45 deg 12 mph 20 kph 80 mph 130 kph -- mb Hurricane - Category 1 
November 12 18 UTC 19.6N 73.5W 60 deg 12 mph 20 kph 85 mph 140 kph -- mb Hurricane - Category 1 
November 13 0 UTC 20.1N 72.1W 70 deg 16 mph 25 kph 90 mph 150 kph -- mb Hurricane - Category 1 
November 13 6 UTC 20.6N 70.4W 75 deg 18 mph 29 kph 100 mph 160 kph -- mb Hurricane - Category 2 
November 13 12 UTC 21.0N 68.5W 75 deg 20 mph 33 kph 105 mph 165 kph -- mb Hurricane - Category 2 
November 13 18 UTC 21.3N 66.3W 80 deg 23 mph 37 kph 105 mph 165 kph -- mb Hurricane - Category 2 
November 14 0 UTC 21.4N 64.0W 85 deg 24 mph 38 kph 105 mph 165 kph -- mb Hurricane - Category 2 
November 14 6 UTC 21.5N 61.5W 90 deg 26 mph 42 kph 100 mph 160 kph -- mb Hurricane - Category 2 
November 14 12 UTC 21.5N 59.0W 90 deg 26 mph 42 kph 90 mph 150 kph -- mb Hurricane - Category 1 
November 14 18 UTC 21.5N 56.5W 90 deg 26 mph 42 kph 85 mph 140 kph -- mb Hurricane - Category 1 
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Storm NOT NAMED is number 1 of the year 1910 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
August 23 6 UTC 15.0N 62.0W -- deg -- mph -- kph 40 mph 65 kph -- mb Tropical Storm 
August 23 12 UTC 15.5N 63.7W 285 deg 19 mph 31 kph 40 mph 65 kph -- mb Tropical Storm 
August 23 18 UTC 15.9N 65.4W 285 deg 18 mph 29 kph 40 mph 65 kph -- mb Tropical Storm 
August 24 0 UTC 16.5N 67.3W 290 deg 21 mph 35 kph 40 mph 65 kph -- mb Tropical Storm 
August 24 6 UTC 17.2N 69.5W 290 deg 25 mph 40 kph 40 mph 65 kph -- mb Tropical Storm 
August 24 12 UTC 18.0N 71.5W 295 deg 23 mph 37 kph 40 mph 65 kph -- mb Tropical Storm 
August 24 18 UTC 18.7N 72.8W 300 deg 16 mph 25 kph 35 mph 55 kph -- mb Tropical Depression 
August 25 0 UTC 19.4N 74.0W 300 deg 14 mph 24 kph 35 mph 55 kph -- mb Tropical Depression 
August 25 6 UTC 20.3N 75.4W 305 deg 17 mph 27 kph 35 mph 55 kph -- mb Tropical Depression 
August 25 12 UTC 21.3N 76.7W 310 deg 17 mph 27 kph 35 mph 55 kph -- mb Tropical Depression 
August 25 18 UTC 22.5N 77.5W 330 deg 16 mph 25 kph 35 mph 55 kph -- mb Tropical Depression 
August 26 0 UTC 23.9N 78.1W 340 deg 17 mph 27 kph 35 mph 55 kph -- mb Tropical Depression 
August 26 6 UTC 25.6N 78.7W 340 deg 19 mph 31 kph 35 mph 55 kph -- mb Tropical Depression 
August 26 12 UTC 27.5N 79.0W 350 deg 21 mph 35 kph 35 mph 55 kph -- mb Tropical Depression 
August 26 18 UTC 28.4N 79.0W 0 deg 9 mph 14 kph 35 mph 55 kph -- mb Tropical Depression 
August 27 0 UTC 29.6N 79.0W 0 deg 13 mph 22 kph 40 mph 65 kph -- mb Extratropical Storm 
August 27 6 UTC 30.7N 79.0W 0 deg 12 mph 20 kph 40 mph 65 kph -- mb Extratropical Storm 
August 27 12 UTC 31.7N 78.7W 15 deg 11 mph 18 kph 40 mph 65 kph -- mb Extratropical Storm 
August 27 18 UTC 32.3N 78.4W 25 deg 6 mph 11 kph 40 mph 65 kph -- mb Extratropical Storm 
August 28 0 UTC 32.9N 78.0W 30 deg 6 mph 11 kph 45 mph 75 kph -- mb Extratropical Storm 
August 28 6 UTC 33.5N 77.6W 30 deg 6 mph 11 kph 45 mph 75 kph -- mb Extratropical Storm 
August 28 12 UTC 34.0N 77.0W 45 deg 8 mph 12 kph 45 mph 75 kph -- mb Extratropical Storm 
August 28 18 UTC 34.9N 76.1W 40 deg 12 mph 20 kph 45 mph 75 kph -- mb Extratropical Storm 
August 29 0 UTC 35.6N 75.4W 40 deg 10 mph 16 kph 40 mph 65 kph -- mb Extratropical Storm 
August 29 6 UTC 36.3N 74.7W 40 deg 10 mph 16 kph 40 mph 65 kph -- mb Extratropical Storm 
August 29 12 UTC 37.0N 74.0W 40 deg 9 mph 14 kph 35 mph 55 kph -- mb Extratropical Storm 
August 29 18 UTC 37.6N 73.4W 40 deg 8 mph 12 kph 35 mph 55 kph -- mb Extratropical Storm 
 
 
Storm NOT NAMED is number 2 of the year 1910 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
August 26 12 UTC 26.7N 91.7W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
August 26 18 UTC 26.7N 92.0W 270 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 27 0 UTC 26.7N 92.3W 270 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 27 6 UTC 26.7N 92.7W 270 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
August 27 12 UTC 26.7N 93.0W 270 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 27 18 UTC 26.7N 93.4W 270 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
August 28 0 UTC 26.6N 93.8W 255 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
August 28 6 UTC 26.6N 94.2W 270 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
August 28 12 UTC 26.5N 94.5W 250 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 28 18 UTC 26.5N 94.8W 270 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 29 0 UTC 26.4N 95.0W 240 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 29 6 UTC 26.4N 95.2W 270 deg 1 mph 1 kph 35 mph 55 kph -- mb Tropical Depression 
August 29 12 UTC 26.3N 95.5W 250 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 29 18 UTC 26.2N 95.8W 250 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
August 30 0 UTC 26.2N 96.0W 270 deg 1 mph 1 kph 40 mph 65 kph -- mb Tropical Storm 
August 30 6 UTC 26.1N 96.2W 240 deg 2 mph 3 kph 40 mph 65 kph -- mb Tropical Storm 
August 30 12 UTC 26.0N 96.5W 250 deg 2 mph 3 kph 45 mph 75 kph -- mb Tropical Storm 
August 30 18 UTC 25.9N 96.9W 255 deg 3 mph 5 kph 45 mph 75 kph -- mb Tropical Storm 
August 31 0 UTC 25.7N 97.2W 235 deg 3 mph 5 kph 45 mph 75 kph -- mb Tropical Storm 
August 31 6 UTC 25.5N 97.6W 240 deg 4 mph 7 kph 40 mph 65 kph -- mb Tropical Storm 
August 31 12 UTC 25.3N 98.0W 240 deg 4 mph 7 kph 35 mph 55 kph -- mb Tropical Depression 
August 31 18 UTC 25.1N 98.5W 245 deg 4 mph 7 kph 30 mph 45 kph -- mb Tropical Depression 
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Storm NOT NAMED is number 3 of the year 1910 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
September 5 6 UTC 17.0N 58.3W -- deg -- mph -- kph 70 mph 110 kph -- mb Tropical Storm 
September 5 12 UTC 17.1N 59.5W 275 deg 12 mph 20 kph 75 mph 120 kph -- mb Hurricane - Category 1 
September 5 18 UTC 17.1N 60.6W 270 deg 11 mph 18 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 6 0 UTC 17.1N 61.7W 270 deg 11 mph 18 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 6 6 UTC 17.2N 62.7W 275 deg 10 mph 16 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 6 12 UTC 17.4N 63.8W 280 deg 11 mph 18 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 6 18 UTC 17.5N 64.9W 275 deg 11 mph 18 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 7 0 UTC 17.5N 66.0W 270 deg 11 mph 18 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 7 6 UTC 17.6N 67.1W 275 deg 11 mph 18 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 7 12 UTC 17.6N 68.2W 270 deg 11 mph 18 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 7 18 UTC 17.6N 69.7W 270 deg 16 mph 25 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 8 0 UTC 17.7N 71.2W 275 deg 16 mph 25 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 8 6 UTC 17.8N 72.9W 275 deg 18 mph 29 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 8 12 UTC 18.0N 74.7W 275 deg 19 mph 31 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 8 18 UTC 18.3N 76.4W 280 deg 18 mph 29 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 9 0 UTC 18.6N 77.8W 285 deg 14 mph 24 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 9 6 UTC 19.0N 79.2W 285 deg 14 mph 24 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 9 12 UTC 19.5N 80.7W 290 deg 17 mph 27 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 9 18 UTC 20.0N 81.8W 295 deg 12 mph 20 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 10 0 UTC 20.5N 82.9W 295 deg 12 mph 20 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 10 6 UTC 20.9N 83.8W 295 deg 10 mph 16 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 10 12 UTC 21.3N 84.7W 295 deg 10 mph 16 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 10 18 UTC 21.7N 85.1W 315 deg 5 mph 9 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 11 0 UTC 22.1N 85.6W 310 deg 6 mph 11 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 11 6 UTC 22.5N 86.2W 305 deg 6 mph 11 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 11 12 UTC 22.9N 87.0W 300 deg 9 mph 14 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 11 18 UTC 23.2N 87.6W 300 deg 6 mph 11 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 12 0 UTC 23.6N 88.3W 300 deg 8 mph 12 kph 105 mph 165 kph -- mb Hurricane - Category 2 
September 12 6 UTC 24.0N 88.9W 305 deg 6 mph 11 kph 105 mph 165 kph -- mb Hurricane - Category 2 
September 12 12 UTC 24.4N 89.5W 305 deg 6 mph 11 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 12 18 UTC 24.9N 90.3W 305 deg 9 mph 14 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 13 0 UTC 25.3N 91.2W 295 deg 10 mph 16 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 13 6 UTC 25.7N 91.8W 305 deg 6 mph 11 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 13 12 UTC 26.0N 92.5W 295 deg 6 mph 11 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 13 18 UTC 26.2N 93.4W 285 deg 9 mph 14 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 14 0 UTC 26.3N 94.3W 275 deg 9 mph 14 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 14 6 UTC 26.5N 95.3W 285 deg 10 mph 16 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 14 12 UTC 26.6N 96.3W 275 deg 10 mph 16 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 14 18 UTC 26.8N 96.9W 290 deg 5 mph 9 kph 110 mph 175 kph -- mb Hurricane - Category 2 
September 15 0 UTC 26.9N 97.6W 280 deg 6 mph 11 kph 75 mph 120 kph -- mb Hurricane - Category 1 
September 15 6 UTC 27.0N 98.3W 280 deg 6 mph 11 kph 50 mph 85 kph -- mb Tropical Storm 
September 15 12 UTC 27.0N 99.0W 270 deg 6 mph 11 kph 40 mph 65 kph -- mb Tropical Storm 
September 15 18 UTC 27.0N 99.6W 270 deg 5 mph 9 kph 35 mph 55 kph -- mb Tropical Depression 
 
 
Storm NOT NAMED is number 4 of the year 1910 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
September 24 6 UTC 27.8N 60.5W -- deg -- mph -- kph 40 mph 65 kph -- mb Tropical Storm 
September 24 12 UTC 28.3N 61.3W 305 deg 9 mph 14 kph 50 mph 85 kph -- mb Tropical Storm 
September 24 18 UTC 28.9N 62.1W 310 deg 10 mph 16 kph 65 mph 100 kph -- mb Tropical Storm 
September 25 0 UTC 29.8N 62.8W 325 deg 11 mph 18 kph 75 mph 120 kph -- mb Hurricane - Category 1 
September 25 6 UTC 30.8N 63.4W 335 deg 12 mph 20 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 25 12 UTC 32.0N 63.7W 350 deg 13 mph 22 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 25 18 UTC 33.6N 63.4W 10 deg 18 mph 29 kph 100 mph 160 kph -- mb Hurricane - Category 2 
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September 26 0 UTC 34.8N 62.8W 20 deg 13 mph 22 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 26 6 UTC 36.0N 61.9W 30 deg 16 mph 25 kph 100 mph 160 kph -- mb Hurricane - Category 2 
September 26 12 UTC 37.0N 61.0W 35 deg 13 mph 22 kph 90 mph 150 kph -- mb Hurricane - Category 1 
September 26 18 UTC 38.1N 60.2W 30 deg 13 mph 22 kph 85 mph 140 kph -- mb Hurricane - Category 1 
September 27 0 UTC 39.1N 59.4W 30 deg 12 mph 20 kph 80 mph 130 kph -- mb Hurricane - Category 1 
September 27 6 UTC 40.1N 58.6W 30 deg 12 mph 20 kph 75 mph 120 kph -- mb Hurricane - Category 1 
September 27 12 UTC 41.0N 57.5W 45 deg 13 mph 22 kph 70 mph 110 kph -- mb Extratropical Storm 
September 27 18 UTC 41.3N 56.3W 70 deg 10 mph 16 kph 70 mph 110 kph -- mb Extratropical Storm 
September 28 0 UTC 41.1N 54.9W 100 deg 11 mph 18 kph 70 mph 110 kph -- mb Extratropical Storm 
September 28 6 UTC 40.9N 53.7W 100 deg 10 mph 16 kph 70 mph 110 kph -- mb Extratropical Storm 
September 28 12 UTC 40.7N 52.0W 100 deg 14 mph 24 kph 70 mph 110 kph -- mb Extratropical Storm 
September 28 18 UTC 40.5N 49.6W 95 deg 20 mph 33 kph 65 mph 100 kph -- mb Extratropical Storm 
September 29 0 UTC 40.8N 46.1W 85 deg 29 mph 48 kph 60 mph 95 kph -- mb Extratropical Storm 
September 29 6 UTC 41.0N 42.8W 85 deg 28 mph 46 kph 50 mph 85 kph -- mb Extratropical Storm 
September 29 12 UTC 41.5N 40.0W 75 deg 24 mph 38 kph 45 mph 75 kph -- mb Extratropical Storm 
September 29 18 UTC 42.1N 37.4W 75 deg 23 mph 37 kph 40 mph 65 kph -- mb Extratropical Storm 
 
 
Storm NOT NAMED is number 5 of the year 1910 
************************************************ 
Month Day Hour Lat. Long. Dir. ----Speed----- -----Wind------ Pressure ------------Type----------- 
October 9 6 UTC 11.2N 79.5W -- deg -- mph -- kph 35 mph 55 kph -- mb Tropical Depression 
October 9 12 UTC 11.3N 79.7W 295 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
October 9 18 UTC 11.3N 79.7W 0 deg 0 mph 0 kph 35 mph 55 kph -- mb Tropical Depression 
October 10 0 UTC 11.4N 79.8W 315 deg 1 mph 1 kph 35 mph 55 kph -- mb Tropical Depression 
October 10 6 UTC 11.6N 79.9W 335 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
October 10 12 UTC 11.8N 80.0W 335 deg 2 mph 3 kph 35 mph 55 kph -- mb Tropical Depression 
October 10 18 UTC 12.1N 80.1W 340 deg 3 mph 5 kph 35 mph 55 kph -- mb Tropical Depression 
October 11 0 UTC 12.4N 80.3W 325 deg 3 mph 5 kph 40 mph 65 kph -- mb Tropical Storm 
October 11 6 UTC 12.8N 80.5W 335 deg 4 mph 7 kph 40 mph 65 kph -- mb Tropical Storm 
October 11 12 UTC 13.2N 80.7W 335 deg 4 mph 7 kph 45 mph 75 kph -- mb Tropical Storm 
October 11 18 UTC 13.8N 80.9W 340 deg 6 mph 11 kph 50 mph 85 kph -- mb Tropical Storm 
October 12 0 UTC 14.6N 81.1W 345 deg 9 mph 14 kph 60 mph 95 kph -- mb Tropical Storm 
October 12 6 UTC 15.2N 81.3W 340 deg 6 mph 11 kph 65 mph 100 kph -- mb Tropical Storm 
October 12 12 UTC 16.0N 81.5W 345 deg 9 mph 14 kph 75 mph 120 kph -- mb Hurricane - Category 1 
October 12 18 UTC 16.9N 81.8W 340 deg 10 mph 16 kph 85 mph 140 kph -- mb Hurricane - Category 1 
October 13 0 UTC 17.7N 82.1W 340 deg 9 mph 14 kph 100 mph 160 kph -- mb Hurricane - Category 2 
October 13 6 UTC 18.6N 82.3W 350 deg 10 mph 16 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 13 12 UTC 19.5N 82.5W 350 deg 10 mph 16 kph 110 mph 175 kph -- mb Hurricane - Category 2 
October 13 18 UTC 20.4N 82.7W 350 deg 10 mph 16 kph 110 mph 175 kph -- mb Hurricane - Category 2 
October 14 0 UTC 21.4N 83.0W 345 deg 11 mph 18 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
October 14 6 UTC 22.3N 83.6W 330 deg 11 mph 18 kph 115 mph 185 kph 960 mb Major Hurricane - Category 3 
October 14 12 UTC 23.0N 84.0W 330 deg 8 mph 12 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 14 18 UTC 23.3N 84.2W 330 deg 3 mph 5 kph 100 mph 160 kph -- mb Hurricane - Category 2 
October 15 0 UTC 23.6N 84.4W 330 deg 3 mph 5 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 15 6 UTC 23.7N 84.7W 290 deg 2 mph 3 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 15 12 UTC 23.7N 85.0W 270 deg 2 mph 3 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 15 18 UTC 23.6N 85.2W 240 deg 2 mph 3 kph 105 mph 165 kph -- mb Hurricane - Category 2 
October 16 0 UTC 23.4N 85.3W 205 deg 2 mph 3 kph 115 mph 185 kph -- mb Major Hurricane - Category 3 
October 16 6 UTC 23.2N 85.4W 205 deg 2 mph 3 kph 125 mph 205 kph -- mb Major Hurricane - Category 3 
October 16 12 UTC 22.9N 85.5W 195 deg 3 mph 5 kph 140 mph 220 kph -- mb Major Hurricane - Category 4 
October 16 18 UTC 22.4N 85.4W 170 deg 5 mph 9 kph 150 mph 240 kph -- mb Major Hurricane - Category 4 
October 17 0 UTC 22.1N 84.9W 125 deg 5 mph 9 kph 150 mph 240 kph 924 mb Major Hurricane - Category 4 
October 17 6 UTC 22.5N 84.3W 55 deg 6 mph 11 kph 145 mph 230 kph -- mb Major Hurricane - Category 4 
October 17 12 UTC 23.4N 83.5W 40 deg 12 mph 20 kph 140 mph 220 kph -- mb Major Hurricane - Category 4 
October 17 18 UTC 24.4N 82.8W 35 deg 12 mph 20 kph 135 mph 215 kph 941 mb Major Hurricane - Category 4 
October 18 0 UTC 25.5N 82.2W 25 deg 13 mph 22 kph 120 mph 195 kph -- mb Major Hurricane - Category 3 
October 18 6 UTC 26.5N 82.0W 10 deg 11 mph 18 kph 110 mph 175 kph 955 mb Hurricane - Category 2 
October 18 12 UTC 27.5N 81.9W 5 deg 11 mph 18 kph 80 mph 130 kph -- mb Hurricane - Category 1 
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October 18 18 UTC 28.3N 81.9W 0 deg 8 mph 12 kph 70 mph 110 kph -- mb Tropical Storm 
October 19 0 UTC 29.2N 81.9W 0 deg 10 mph 16 kph 60 mph 95 kph -- mb Tropical Storm 
October 19 6 UTC 30.1N 81.9W 0 deg 9 mph 14 kph 60 mph 95 kph -- mb Tropical Storm 
October 19 12 UTC 31.0N 81.6W 15 deg 10 mph 16 kph 60 mph 95 kph -- mb Tropical Storm 
October 19 18 UTC 32.0N 80.6W 40 deg 14 mph 24 kph 70 mph 110 kph -- mb Tropical Storm 
October 20 0 UTC 32.7N 79.8W 45 deg 10 mph 16 kph 70 mph 110 kph -- mb Tropical Storm 
October 20 6 UTC 33.6N 78.5W 50 deg 16 mph 25 kph 70 mph 110 kph -- mb Tropical Storm 
October 20 12 UTC 34.4N 77.1W 55 deg 16 mph 25 kph 65 mph 100 kph -- mb Tropical Storm 
October 20 18 UTC 35.3N 75.0W 60 deg 21 mph 35 kph 60 mph 95 kph -- mb Tropical Storm 
October 21 0 UTC 36.0N 72.3W 70 deg 26 mph 42 kph 50 mph 85 kph -- mb Tropical Storm 
October 21 6 UTC 36.6N 69.0W 75 deg 31 mph 50 kph 50 mph 85 kph -- mb Extratropical Storm 
October 21 12 UTC 37.0N 66.0W 80 deg 27 mph 44 kph 50 mph 85 kph -- mb Extratropical Storm 
October 21 18 UTC 37.0N 64.4W 90 deg 13 mph 22 kph 45 mph 75 kph -- mb Extratropical Storm 
October 22 0 UTC 36.8N 63.2W 100 deg 10 mph 16 kph 45 mph 75 kph -- mb Extratropical Storm 
October 22 6 UTC 36.4N 61.8W 110 deg 12 mph 20 kph 45 mph 75 kph -- mb Extratropical Storm 
October 22 12 UTC 36.0N 61.0W 120 deg 8 mph 12 kph 45 mph 75 kph -- mb Extratropical Storm 
October 22 18 UTC 35.8N 60.1W 105 deg 8 mph 12 kph 45 mph 75 kph -- mb Extratropical Storm 
October 23 0 UTC 35.7N 58.9W 95 deg 10 mph 16 kph 40 mph 65 kph -- mb Extratropical Storm 
October 23 6 UTC 35.7N 58.2W 90 deg 5 mph 9 kph 40 mph 65 kph -- mb Extratropical Storm 
October 23 12 UTC 35.7N 57.3W 90 deg 8 mph 12 kph 40 mph 65 kph -- mb Extratropical Storm 
October 23 18 UTC 35.7N 56.4W 90 deg 8 mph 12 kph 40 mph 65 kph -- mb Extratropical Storm 
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APPENDIX J : ARTIFACT DRAWINGS FROM SAN 
EUSEBIO AND SAN ANTONIO XUXUB 

 

 

 

 
Figure J.1: Small aqua-colored, possible medicine, bottles collected from Op 4 surface 
collections at San Eusebio. Drawing by author. 
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Figure J.2: Aqua-colored glass bottle with embossed crest; Op 26A/5; collected from near the 
grinding mill feature at San Antonio Xuxub. Drawing by author. 
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Figure  J.3: Olive-colored Udopho Wolfe's Aromatic Schnapps bottle collected from 
near wetland north of the San Antonio Xuxub site core; Op 26A/2. Drawing by 
author. 

 

 
Figure  J.4: Undecorated improved white earthenware ceramic 
fragment. Collected from the surface at San Antonio Xuxub; Op 26A/2. 
Drawing by author 
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Figure  J.5: Large, narrow, aqua colored bottle from near a wetland north of the site core at San 
Antonio Xuxub; Op 26A/2. Drawing by author. 
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Figure  J.6: Complete amber-colored glass bottle from near the fermentation tank 
at San Antonio Xuxub; Op 26A/9. Drawing by author. 
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Figure  J.7: Dark olive-colored rum bottle written in 
French.  Found near a wetland near the San Antonio 
Xuxub site core; Op 26A/3. Drawing by author. 

. 
 

 
Figure  J.8: Terracotta clay tile collected from near wetland north of San Antonio Xuxub 
site core; Op 26A/1. Most of the molded lettering is illegible but may include 
"J...MOUNDVILLE". Drawing by author. 
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Figure  J.9: Terracotta clay tile collected from near wetland north of 
San Antonio Xuxub site core; Op 26A/1. Drawing by author. 

 
 

 
 

 

 

 

 

 




