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Research Proposal

Historical/Archaeological Background


Cumberlandite is a uniquely titaniferous iron ore, located primarily in Cumberland, Rhode Island (Wadsworth 1881). As one of the only iron ore sources located in and around Rhode Island, cumberlandite may have played an important role in iron production processes around the area during the 17th and 18th centuries (Ryzewski 2008). Although fairly comprehensive petrological and mineralogical studies have been carried out in the late 19th and early 20th centuries (Johnson 1908; Wadsworth 1881; Warren 1908), modern elemental analyses of cumberlandite have yet to be conducted. 


Along with cumberlandite, bog ores constitute another potential source of exploitable iron ore in the region. Bog ore forms underground in areas of poor drainage, displaying a high phosphorous content as well as significant levels of titanium (Ryzewski 2008). Both impurities detract from the quality of the iron. Despite these engrained defects, the bog ore and cumberlandite, along with magnetic black sand from Block Island, encompassed the locally available iron ores (Ryzewski 2008). With the advent of New World colonization and the approaching Industrial Revolution, iron became a desirable commodity in the 17th and 18th centuries (Gordon 1996). Two sites from Central Rhode Island exhibit small and large-scale iron production operations, dating to approximately the 18th century. Excavations conducted by Krysta Ryzewski from 2005-2007 at Greene Farm in Warwick exposed a small production center in operation from 1733-1781 (Ryzewski 2008). Test excavations conducted by a state-sponsored CRM firm exposed a large-scale, industrial iron forge in Potowomut, Rhode Island in 1999, in operation from 1698 into the 18th century (Ryzewski 2008). Both these sites were once owned by the Greene family and operated at similar times, providing both an archaeological context of colonial iron production assemblages, and a nuanced approach with which to assess ore sources, production methods, and products in each area.


As a highly titaniferous iron ore, cumberlandite presents a potential opportunity to establish the provenance of colonial iron ores, byproducts, and possibly even artifacts. Although consolidation and mixing with ores of higher grade existed (Johnson 1908), by understanding the elemental composition of ore and slag collected directly from Cumberland, we can begin to compare this data to excavated materials at Greene Farm and Potowomut. Any similar indications of titanium content, distinguishable from other ore sources, may grant us further insight into various facets of iron ore acquisition, including issues of accessibility, technological or social choices, and economic decisions made by the Greene family or their employees during colonial era production.   

Research Questions 


Using the historical information available pertaining to the Greene family and cumberlandite, we hope to assess a variety of questions relating to provenance and iron production methods. On a very basic level, our research revolves around the elemental characterization of cumberlandite, establishing a fingerprint for this titaniferous ore. At the same time, we will analyze bog ore in order to identify potential diagnostic trace elements in slag, clinkers, and iron artifacts. We hope that these artifacts and byproducts will either exhibit highly titaniferous or phosphoric traces, indicating specific ore sources. 


At the site in Cumberland, both natural and what appear to be burnt ore samples have been collected. A comparison of the chemical makeup of these samples should mainly differ in carbon, hydrogen, and oxygen contents, released during the chemical process of burning. Analyzing both types of ore may further indicate the relationship between the changing properties of materials involved in the initial production processes.


In previous studies, the evaluation of slag in relation to slag inclusions in the final metal product has proven to be a very useful technique for provenance studies (Blakelock et al. 2009). Through elemental analyses of the various types of ore, smelting slag, smithing slag, slag inclusions within the artifact matrix, and the artifacts themselves, we hope to establish a discernable link between production byproducts and the final product, as well as potentially identify a connection to the ore source. 

Sample Selection:

 
We have chosen materials that are representative of many different stages of iron production. These include raw ores, slags, clinkers, and final iron products. Two primary ores will be tested. These are the titaniferous cumberlandite ore collected directly from Cumberland, and samples of bog ore from Greene Farm. With the assistance of graviometric data collected by John Hermance during the 1960s and digitized in 2007 by Thomas Urban, we were able to locate a site of high magnetic signatures, indicating concentrated amounts of iron ore in Cumberland. This area, labeled Iron Mine Hill, exhibits evidence of past mining operations, previously attested to in historical literature (Johnson 1908; Warren 1908). We collected our samples from three separate areas, shown in Figure 1. Area 1 is located above the quarry face, consisting of burnt bedrock containing high instances of metallic inclusions. At this area, we collected one sample of what may be cumberlandite. Area 2 and Area 3 are both located southwest of the quarry face within backfilled piles of a recently leveled land plot. We collected three samples of burnt ore from Area 2, along with a corroding object in the shape of an iron billet. At Area 3, four samples of ore were collected together with one sample of smelting slag and an iron nail. Because these samples were collected from backfilled piles of rubble, their exact stratigraphic position or chronological attribution cannot be firmly established. For the purpose of studying the artifact and slag samples, approximate dates of deposition would be helpful, but are not critical to our analysis.  


Along with the items collected in Cumberland, our study will include the analysis of iron production materials collected at Greene Farm and Potowomut. These samples include bog ore, fused clinker and slag, smelting slag, smithing slag, and iron artifacts recovered at both sites. The samples excavated exhibit valuable stratigraphic contexts that can further our interpretations of these materials as they relate to our collected items from Cumberland. 

Techniques to be Applied:


In order to assess the research questions posed above, we will implement a variety of archaeometric techniques. Our primary method of analysis will rely on elemental composition comparison, for the most part utilizing X-Ray Fluorescence (XRF) based on the success of previous archaeometallurgical studies (Schwab et al. 2006; Veldhuijzen and Rehren 2007). XRF will provide the elemental makeup of our samples, allowing a basic compositional analysis and potential for comparison. Our XRF samples will include cumberlandite ore from Areas 1 and 3, burnt ore found in Area 2, slag from Area 3, bog ore collected from Greene Farm, smelting slag from Greene Farm and Potowomut, smelting slag fused with clinker from Greene Farm, and a sample of indiscriminant slag from Potowomut. 


Along with XRF analyses, Scanning Electron Microscopy (SEM) will be utilized to locate slag inclusions within iron artifacts. The artifacts will then be analyzed using Energy Dispersive Spectroscopy (EDS) to obtain the elemental signature of both the slag inclusions and the metallic body. Using these complimentary methods, we will be able to pinpoint slag inclusions within the artifact matrix in order to compare them with the composition of the surrounding iron. A comparison of the composition of the slag inclusions and iron in the artifact may reveal information on the elemental alterations occurring during the production process. The EDS analysis will also allow us to compare this slag to our XRF data sets of our various slags. Beyond general comparisons, we may be able to detect impurities in the iron, such as titanium or phosphorous, potentially linking the artifacts to an ore source. If time permits, we will also implement X-Ray Diffraction (XRD) analyses to determine crystalline structure and mineralogical alterations in the slag samples.


Timeline:


Week of March 8th, 2010

· Complete sample preparation

· Begin XRF testing

· Preliminary data analysis

· Prepare SEM samples


Week of March 15th, 2010

· Continue XRF testing

· SEM-EDS on select samples

· Optical microscopy


Week of March 22nd, 2010

· Finish XRF testing on remaining samples

· Analyze data and progress to determine any additional testing necessary

· Begin to compile results in a presentable manner

Week of April 5th, 2010

· Potentially carry out XRD analysis

· Commence paper writing process
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Figure 1. Locations of Areas 1, 2, and 3 in Cumberland, Rhode Island. The top of the image is north. The cumberlandite quarry is located northeast of Area 1. Source: Google Maps.
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