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Abstract


An investigation concerning the elemental compositions of 3 types of pottery excavated from the Nohmul and K’Axob sites in Belize. The pottery was separated into three subgroups: Mountain Pine Red from K’Axob, Achote Black from K’Axob, and Redware from Nohmul. K’Axob samples dated from the Late to Terminal Classic Era, while Nohmul samples were created during the Proto-Classic era. The elemental compositions of the samples were found using Neutron Activation Analysis. This process included irradiating the samples and counting the gamma rays emitted using a 30% efficiency HPGe detector. The masses of elements in the samples were then found through the Direct Comparison method. When compared to standard deviations from the Nohmul group, eight of the nine Mountain Pine Red samples and four of the 8 Achote Black samples fit the range set by the Nohmul samples. These samples have a 95% chance of belonging to a subset of the Nohmul group. From these results, it was determined that the metropolitan center of Nohmul traded with the rural village of K’Axob.  However, some samples from the Terminal-Classic period, the Achote Black pottery, do not support this conclusion, so further scrutiny is required. 

Introduction


The goal of this project is to determine the origin of ancient Mayan pottery sherds. This information will allow us to determine whether the pottery was formed from clay found in the Pulltrouser Swamp, or whether it came from an outside source and could possibly represent trade between the two regions. Our goals are to map out the general areas of origin of each pottery sample and determine whether the theory that they were used in trade between urban and rural areas is valid. Our data will be used to further analyze the ability of the ancient Mayans to produce a surplus of food, and their connection with the large urban centers surrounding the palaces. 


Although archaeologists know that the ancient Mayan civilizations existed throughout the areas of Guatemala, Mexico, and Belize, they have little or no information regarding the connection between large urban centers surrounding palaces, which contained mostly the powerful rich, and rural villages, which contained mostly poor farmers. Despite the abundance of cultural knowledge scientists have gained of Mayan civilization, many unanswered questions remain about the ability of the Mayans to support this large, noble, non-working population. One of these questions involves their ability to feed that number of people, and whether the surplus came from farmers who were offered trade goods in exchange for their wares, or in the form of tithes or tributes from slaves. (Minc)


Scientists know from previous studies that the ancient Mayans in the rural areas were surrounded by difficult, unworkable land. Beginning in about 100 B.C. and continuing through the Pre-Classic period, Mayans resorted to Swidden agriculture, a slash and burn system of agriculture that allowed them to get more crops out of dry, infertile fields for a time. Though the fire released nutrients for high short-term soil production, the high rainfall during the long rainy season leached the nutrients from the soil and the fields were abandoned. (Minc)


Sometime during the Classic era, the Mayans turned to raised field agriculture, an advanced system combining canals with elevated fields that could be farmed continuously, and allowed up to three harvests of maize per year. Though a major investment to build and create the canals and fields, the large surplus made it profitable for the Mayans to do so. (Minc)


In Pulltrouser Swamp in northern Belize, evidence of raised field agriculture was found in analysis of forest pollen versus “disturbance” pollen. The evidence suggested that the Mayans farmed with the Swidden method up to the year 0 A.D., when they switched to raised fields. The settlement survey at Pulltrouser Swamp showed a low density population which was organized into small “house-mounds” Though population growth was gradual until 0 A.D., it grew rapidly shortly after the raised fields were constructed. Despite the massive population growth, the raised fields would have provided an enormous surplus and could have supported a considerably greater population than the one supported at the swamp. (Minc)

This information leads us to the question our research will attempt to answer—what was the relationship between large, urban centers and smaller agricultural villages like the one at Pulltrouser Swamp? Did it involve trade or tribute? Due to the decay of agricultural supplies including food and wooden tools, our study will focus on a more durable artifact—pottery. (Minc)

Using pottery samples from Belize, we will attempt to answer these questions. These samples were excavated from two sites—Nohmul, and K’Axob at Pulltrouser Swamp. These sites are separated by approximately 10 km of land. The samples from Nohmul are of the Redware variety, and date from the Proto-Classic Era. The samples from K’Axob fall into two categories, the Mountain Pine Red and the Achote Black, and date from the Late to Terminal Classic Era. Mountain Pine Red pots are similar to the Redware style, and provided sturdier, coarser pots likely used in everyday cooking. Achote Black pots were more decorative and delicate, and probably used for more decorative or spiritual purposes. (Minc)

Pottery has been used throughout the scientific world to determine the behavior of ancient cultures. In a study on ancient Egypt, pottery sherds containing residue from incense were analyzed to determine their place of origin based on the chemical makeup of the resin on the sherd. This resin, left behind from the burning of incense, was determined to contain elements found in the incense of such nations as Israel. This presumed contact between cultures was suggested in the presence of these unique residues (Stern). Although Neutron Activation Analysis can be used in a variety of ways, including determining the levels of dangerous elements like mercury in plants, it is especially useful in the case of archaeometry. (Hollerman) In situations where the chemical composition of the clay can be compared to the known compositions of clays found in different areas, Neutron Activation Analysis is sensitive enough to pick up even the most subtle differences in elemental composition. 


Neutron Activation Analysis utilizes a reactor to excite the neutrons in a sample so that they become radioactive. The process requires a source of neutrons, detailed knowledge of reactions that occur when neutrons react with target nuclei, and instruments to detect gamma rays. The OSU Radiation Center’s reactor, which will be used in this project, uses Uranium 235 to produce massive amounts of electrons. When samples are placed inside the reactor, neutrons created during the decomposition of the Uranium 235 bombard the nuclei of the sample’s atoms. This creates an unstable compound nucleus, which immediately decomposes into a radioactive nucleus and prompt gamma ray, neither of which are useful in the INAA process. The radioactive nucleus later produces a stable product nucleus and a delayed gamma ray, which is measured after the irradiation has taken place. Since each isotope is subject to a unique reaction and decay process, these measurements are easily identified as specific isotopes. (Minc)

When Uranium 235 fissions, it produces heat, two atoms of Uranium 235, and extra neutrons which are then used in the INAA process. The equation used to demonstrate this fission is 1n + 235U(236U (radioactive) ( z1 + z2 + a1n , when Q is the heat produced, a is the number of neutrons produced, and z is a product of the fission. The thermal neutron is then captured by a target nucleus in the reaction defined by the equation 1n + Ax ( A+1x (radioactive). The Beta decay then produces a proton, a beta particle, and a gamma ray, demonstrated by the equation n( p + v + β[+γ], where p is the proton, β is the beta particle, γ is the gamma ray, and v is heat energy produced by the reaction. Gamma rays, high energy photons, are converted into electric pulses through the photoelectric effect, so that the energy of the pulses in keV reflects the energy of the gamma rays.(Minc)

Two characteristics of Beta decay identify specific isotopes. The first, the half-life, ranges from seconds to years. Because elements with shorter half lives produce more active reactions, samples must often be counted several times over a period of days to weeks to identify all different elements once the more active substances have decayed beyond detection. The second identifying feature of isotopes is the gamma energy in keV. This value is unique among all isotopes of an element, and therefore can be used to determine the exact isotope present in the sample. (Minc)

Although INAA requires much preparation and a significant amount of specialized equipment, it provides the best possibility for later analysis because it is non-destructive. According to INAA researchers, “The main advantage of INAA with respect to other high performance analytical methods such as ICP-AA, ICP-AE, or ICP-MS is its nondestructive character. Solid samples do not need to be previously dissolved in acid mixtures that simplifies the sample preparation and does not introduce systematic errors due to incomplete dissolution.” 


We plan to analyze data from pottery artifacts found at Pulltrouser Swamp. The shards come from both before and after raised fields became common. We will determine the provenance of the pottery based on its trace element composition found using Neutron Activation Analysis, and we will calculate the ratio of imported pottery over time. This will provide us with an accurate assessment of the amount of contact Pulltrouser Swamp had with other communities, and will possibly allow other scientists to make valid theories about the relationships between small Mayan villages and large urban cities.

Due to this information about our target sites of Nohmul and K’Axob, we believe that the ceramics will contain similar elemental compositions and therefore contribute to the theory that trade between the two sites was common after the introduction of raised field agriculture.

Methods

List of Materials

Equipment Needed

· Drill Press

· Extension Cord

· Tungsten Carbide burrs

· Tweezers

· Tile Nippers

· Sharpie

· Drying Oven

· Electric Balance

· Small Spatula

· 250-mg plastic vials

· Sterile wipes

· Sterile gloves

· Toothbrush and Container

· Uranium 235 Nuclear Reactor

· Gamma ray detection and counting equipment

Supplies Needed

· De-Ionized water

· Weighing paper

· Scintillation vials

· Cookie Sheets

· Paper Towels

Guidelines for INAA Sample Preparation:

Sample materials should be pulverized and homogenized if possible. Guidelines are given below for the preparation of archaeological ceramics. Researchers should guard against cross-sample contamination by scrubbing all equipment and rinsing thoroughly with de-ionized water between samples. Researchers also need to be aware of, and control for, other possible sources of contamination including chemical residue and dust within the sample preparation area. 

Steps:

Sample Cataloguing

1) We began the project by choosing our samples from Pulltrouser Swamp and separating them into labeled bags. Each bag was labeled with the sample’s specific number as well as the mound from which it was retrieved.

2) Using a small plastic container filled with glass beads, with a ruler set alongside to determine scale, we photographed each sample both head-on and in profile. We placed the sample on the beads, being sure to check that the curve of the sample was easily visible, and took drawings of each sample as well as the photo to make a hypothesis as to the sample’s origin

Sample Preparation:

1) We began by removing weathered surfaces of the sherd with a mechanical burr attached to a drill press, paying attention to the presence of foreign substances such as glaze on the sherd. If the sherd was large, we removed the surfaces from a small section approximately 2 cm by 2 cm and nipped off the clean surface with a pair of tile nippers. We then returned the uncleaned portions to the labeled bag. We then scrubbed both the nippers and burr with de-ionized water in preparation for the next sample.

2) The cleaned sherd was rinsed with de-ionized water and placed on a clean sheet of weighing paper. The sample number was written on the weighing paper using a Sharpie.

3) The filter paper and sherd were placed on a cookie sheet and dried overnight in a drying oven at approximately 125 degrees F. The clean and dried sherd was then placed in a clean, labeled bag to await further preparation

4) The clean sherd was then pulverized with an agate mortar and pestle, and stored in glass vials labeled on both the cap and the vial itself to prevent sample confusion The process was as follows:

a. The sherd was placed in the clean mortar bowl

b. The sherd was gently tapped with the pestle until it cracked into pieces.

c. Once in pieces, the sherd was ground with the pestle to the texture of table salt.

d. The powder was poured into a clean square of weighing paper folded in half.

e. The vial was placed in the base of the mortar and the powder poured directly into the vial to prevent contamination and spillage

f. The mortar and pestle were washed with de-ionized water to prepare for the next sample.

5) After grinding, the sample material was dried with the caps off the vials in a drying oven at 200 degrees F for 48 hours to remove any residual moisture from the sample. The vials were then capped tightly to prevent rehydration

Sample Activation

1) The samples were measured and placed in tubing using the following process.
a. Empty vials were placed inside a rubber vial stand. Gloves were worn throughout the process and equipment was cleaned thoroughly with sterile wipes between each sample.

b. The vial and stand were placed inside an electric balance and tared to prevent incorrect measurements.

c. Using a small spatula, the sample was stirred and scooped into the vial, which was then weighed.
d. Step c was repeated until the vial contained between 240 and 260 mg of sample.

e. The vial was sealed completely and numbered with a sharpie. The number and exact weight of the sample was recorded and the vial was placed on a vial stand.

f. Steps a through e were repeated for all samples.

2) Irradiation and Counting
a. The data for elements with intermediate and long half-life isotopes (including As, Ba, La, Lu, K, Na, Sm, U, Yb, Ce, Co, Cr, Cs, Eu, Fe, Hf, Nd, Rb, Sc, Sr, Ta, Tb, Th, Zn, Zr), result from an extended (7 hr) irradiation in the rotating rack, which experiences an average thermal flux of 2 x 1012 n/cm2/s. Following irradiation, two separate counts of gamma activity were done: a 5000-second count (live time) of each sample after a 1-week decay period, and a 10000-second count (live time) after a period of 4 weeks decay, using a 30% efficiency HPGe detector.
Sample Analysis

1) The concentrations of elements were determined using the direct comparison method, in which concentrations were calculated on a weight-ratio basis from activity observed in the standard reference material NIST1633A (coal fly ash). All data reductions were based on NIST certified values for the standard reference materials. Samples of NIST1633b and New Ohio Red Clay were included as check standards to determine accuracy and precision of results.
2) These numbers were recorded and placed in a table separated by sample origin and identified element. 

3) The occurrence of each element in the samples was plotted on a scatter plot, which was then separated by color based on the excavation site of each sample. The graphs were analyzed based on the concentration of samples within the graph to determine whether the samples showed a similarity in the amount of the element shown. 
4) The standard deviation of the redware samples from Nohmul was calculated for each element using the equation SD = sqrt{ sum(xi – xAvg.)^2 / (n-1) }. This standard deviation was then compared to the values of that element found in the samples from K’Axob to determine the possibility of a common origin.
Results

Samples were chosen from serving vessels such as jars, bowls, and dishes excavated from Nohmul and K'Axob. All samples from Nohmul are of the Redware variety. Of the K’Axob samples, 9 are Mountain Pine Red and 8 are Achote Black. After irradiation, the activity of elements As, La, Lu, Sm, Na, U, Yv, Ce, Cs, Cr, Co, Eu, Hs, Fe, Sc, Ta, and Th was measured in each sample received from Nohmul and K’Axob. The mean and standard deviation were calculated for each element from the Nohmul group. (Fig. 1) The range was then calculated through the equation Mean +/- 2SD. 

As shown in Figure 2, many samples from K’Axob of both the Mountain Pine Red and Achote Black varieties exceed either the upper or lower limit of the standard deviations set by the Nohmul samples. KAXOO4, KAX018, KAX019, KAX020, and KAX022 exceed two or more of the standard deviations. However, KAX001, KAX008, KAX 009, and KAX024 meet all but one element’s standard deviation, and KAX002, KAX003, KAX005, KAX006, KAX007, KAX017, KAX020, KAX021, and KAX022 meet all standard deviations set by the Nohmul group. This demonstrates a 95% probability that they are a subset of the Nohmul group.

In addition to being divided by place of discovery, the samples are separated into categories of Mountain Pine Red and Achote Black based on their appearance. KAX001-KAX009 create the Mountain Pine Red subgroup, and KAX017-KAX024 make up the Achote Black subgroup. All but one sample in the Mountain Pine Red subgroup meets the standard deviations set by the Nohmul group in more than one element. By contrast, four samples in the Achote Black subgroups differ from two or more standard deviations, leaving only four samples with the possibility of being part of the subset of the Nohmul group. 


In Fig. 4, the graph depicts a liner relationship between elements Co and Fe.  This relationship occurrs because the minerals form crystalline molecular structures after the pottery is fired in the kiln.  Because atoms of Co and Fe are similar in size and weight, they easily replace each other in these crystalline structures.  The linear relationship depicted also shows that the amount of Co can be estimated if the amount of Fe is known, or vice versa (Minc).  

Discussion


Our conclusions differ based on the type of pottery analyzed. Our results suggest that samples of the Mountain Pine Red variety fall into a subset of the Nohmul group, based on the conclusion that all but one of their subgroup has a 95% chance of being in this subset. This strengthens the theory that trade between Nohmul and Pulltrouser existed, due to the similarity of elemental composition of their clay. This theory is further substantiated by the knowledge that ancient Mayans would travel no more than 7 km to get clay for their redware, because such clay was readily available near their villages. Because the distance between the two sites is greater than this, the knowledge that their clay matches so precisely in its elemental makeup supports the theory that these pots originated in the same place. (Minc)

Our results on the Achote Black subgroup support a different conclusion. Because only half of the samples fall into the 95% subset, it is unlikely that these pots originated from the same place as the Nohmul and Mountain Pine Red samples. Therefore, this subgroup does not support our theory that trade between the two communities did occur. Rather, it suggests that these pots were either made in K’Axob by their own artisans, or were brought in from an unknown trade center. 

These differing conclusions lead to possibilities other than our original hypothesis. For example, the Mountain Pine Red vessels might have been traded between Nohmul and K’Axob while the Achote Black vessels were created by K’Axob artisans. The Mountain Pine Red vessels might have been created at Nohmul and the Achote Black vessels at another village, both of which traded with K’Axob, or both types of vessels might have originated from K’Axob or another village entirely.

Although the Mountain Pine Red and some of the Achote Black vessels show a 95% chance of originating in Nohmul, the theory is diminished by the geography of the surrounding area. The clay at Nohmul was created by a rising ocean floor that pushed limestone above the water line. This created large, uniform clay beds that stretch for miles, adding to the possibility that two or more villages were drawing on the same source of clay. (Minc) So, although many samples have a strong possibility of coming from Nohmul, it is also possible that they were created at different villages, even K’Axob, and simply came from the same clay bed.


Because K’Axob was a small agricultural village and Nohmul was a larger regional center, K’Axob had an excess of food after the introduction of Swidden agriculture, while Nohmul required sustenance. This provides a reason for trade between the two sites. The Mountain Pine Red samples from K’Axob indicate that this trade took place because their elemental compositions match those of the samples from Nohmul. However, the Achote Black samples do not match this conclusion. This difference could occur because the food was of lower value than ceremonial pottery, and therefore was only traded for the utilitarian redware.


Of the Mountain Pine Red subgroup, one sample radically differed in elemental composition from all the rest. KAX004 did not match seven of the standard deviations created by the Nohmul group. This sample either came from a completely different area than the Nohmul samples, or was created from different clay from the same area. Because the sample matched some elemental values, the measurements did not occur from a mechanical problem. The conflicting values differed so radically from other Mountain Pine Red values that it could not have come from the same trade center as the rest, which indicates that K’Axob was involved in trade with more than one area. 

Because of the uncertainty of these conclusions, more research is required to assess the true trade practices of K’Axob. The next logical step would be to test more samples from both Nohmul and K’Axob and compare both sets of samples with other sites around K’Axob and Nohmul. This analysis would provide more information about the trade habits of both sites and further insight into the relationship of K’Axob with other communities.
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Project Journals

9/16/04

Researched possible project options. Our current possibilities are projects involving light filtering through water, plants, or projects through the OSU Radiation Center or the OSU Wave Research Center. We spent the period online researching possible options and finding details to contribute to our decision.

We also worked on our first literature review, which we plan to do on water since that is involved in two of the several options for our project.

9/23/04

We decided to do our project through the OSU Radiation center, although we are not yet sure what exactly the project will entail. We have researched INAA, or Neutron Activation Analysis, which is the process that the Radiation Center will help us with during the project.

We began our second literature review, which we plan to do on INAA so that we familiarize ourselves with the process.

9/30/04

Today we met with Dr. Leah Minc and Dr. Alena Polonova from the Radiation Center. They explained to us our two options for projects, one of which involves ancient pottery and the questions of the Mayan culture, and the other which includes the absorption of arsenic into plants. We plan to study the pottery with Dr. Minc, which will involve us preparing samples so we can use INAA to discover exactly what materials the pots were composed of.

10/7/04

Dr. Minc came today to CV to begin the sample preparation process. She began by providing us with information about the Mayan civilization and the classification of the pottery sherds. We discussed the history of the Mayan agriculture and transport as it connected to our question about the origin of the pottery. We chose the sherds we would be working with, and placed them into separate baggies with indivual cataloguing numbers. We also drew the sherds and wrote down a brief description of each.

10/14/04

Dr. Minc came today and showed us how to take pictures of the sherds and prepare them in catalogs for grinding. We then learned how to clean the pottery sherds using a grinder and deionized water, and keep them from becoming contaminated with skin oils and residue. Then, we learned how to use the mortar and pestle to grind the sherds into sand-like consistency after drying.

10/21/04

Today we began the sample preparation by grinding the sherds that were cleaned last week with Dr. Minc, and cleaning more sherds so that they are ready to dry in the drying oven and will be ready to grind for next week. Dr. Minc came and once again assisted us in preparing the sherds.

11/4/04

We continued to grind the dried sherds and prepare more for drying and grinding. We also worked on our project proposal which is due November 8. We used the information gathered from our first session at the Radiation Center and our meetings with Dr. Minc.

11/18/04

We continued to grind and clean sherds and hoped to finish them around Thanksgiving so that we can have them weighed in time to be irradiated for data collection. Dr. Minc came to discuss a timeline for us to finish this project, and we decided that the samples should be completely finished soon after winter break if we plan to have them fully irradiated.

12/2/04

Today we finished grinding the last of the sherds in preparation for weighing them into vials. We contacted Dr. Minc to let her know we are done, and plan to meet with her after school next week to learn how to weigh the ground sherds properly.

12/8/04 

Today we stayed after school for about an hour learning how to weigh the samples into vials used for INAA. We weighed four or five samples, and plan to finish the rest as soon as possible so they can be irradiated.

12/9/04

We went to the Radiation Center today with the other two groups using the Radiation facilities. We received a tour of the Radiation Center, and did a lab that involved using equipment to count the number of gamma rays coming off radioactive materials. This lab was led by another professor at the Radiation center. In addition, he helped us to understand what the basic reaction meant that was occurring, and explained the concepts of INAA and the radiation equipment. We toured the reactor and spoke with one of the reactor technicians, who answered our questions about the reactor itself.

12/16/04

We continued to weigh samples. Dr. Minc came to collect all the prepared samples and plans to irradiate them as soon as possible.

1/6/05

Today we finished weighing the rest of the samples out. We received an e-mail from Dr. Minc asking us to deliver them to the Radiation Center, which we did as soon as we finished them. However, we did not see Dr. Minc at the Radiation center.

1/13/05

We went to the Radiation Center in a group with Sara, Jen, Caroline, Nick, Pat, and Eddie to do a lab on INAA. We learned to read the counts after the irradiated samples were analyzed by the computer, and learned the process by which we calculate the total amount of a specific element in the sample based on the known quantity in the coalfly ash.

1/20/05

Today we worked on our final paper which is due on 1/24. We began augmenting our proposal, and put our notes together. Annabritt was at the blood drive, so the rest of the period was spent working and contacting Dr. Minc, because we had planned to go to the Radiation Center today but were forced to reschedule to tomorrow.

1/21/05

We went to the Radiation Center and talked to Dr. Minc. She helped us with questions about our final paper, and explained a little more background which will be useful in writing it. We learned how to analyze the results determined by the computer, and the importance of the standard deviation and mean. We also discussed how to use the data to determine the answer to our original question. She agreed to help us further if we need anything, and we decided to bring her cookies.

