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 Abstract 
 Changes in mobility patterns by hunter-gatherers in water-stressed regions of the world 

 has long been viewed as a risk mitigation strategy. Tied into these decisions are the ways in 

 which they provision themselves and procure resources. Foragers of the distant past are no 

 exception, but the nature of their survival is not fully understood. The Middle Pleistocene site of 

 C-Spring in the Azraq Basin, Jordan, is an appropriate case   study at which to investigate such 

 issues. C-Spring, excavated by Dr. Andrew Garrard, is located directly adjacent to the only stable 

 water source in the region, the Azraq wetlands, and has yielded an impressive cache of 

 Acheulean remains. In order to reconstruct the mobility patterns, a provenance analysis is 

 conducted to reveal the catchment areas most frequently utilized by the hominins. This was 

 performed with data collected by Individual Attribute Analysis (IAA) and Laser 

 Ablation-Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS) of both the known 

 sources in the region and the lithic artifacts. The results show that the majority of raw material 

 was procured locally (5-10 km). This suggests hominins tethered themselves to water in the 

 region for resource security, yet still ventured among the surrounding landscape, remaining 

 within a day’s range to the secure resources offered by the Azraq wetlands. As such, C-Spring 

 offers unique insight into how hominins of the Middle Pleistocene survived in marginalized 

 desert environments. 

 Keywords:  Paleolithic, Azraq, Levant, Acheulean, Geoarchaeology,  Provenance, Lithics, Chert, 
 Mobility, Provisioning 

 1 



 Table of Contents 
 Abstract  .........................................................................................................................................................  1 
 Table  of  Contents  ..........................................................................................................................................  2 
 List  of  Figures  ...............................................................................................................................................  3 
 Acknowledgments  ........................................................................................................................................  4 
 1.  Introduction  ..............................................................................................................................................  5 
 2.  Literature  Review  .....................................................................................................................................  8 

 2.1  Mobility  .............................................................................................................................................  8 
 2.2  Procurement  .....................................................................................................................................  11 
 2.3  Provisioning  .....................................................................................................................................  14 

 3.  Context  of  study  ......................................................................................................................................  16 
 3.1  The  Azraq  Basin  ..............................................................................................................................  16 
 3.2  Greater  Azraq  Oasis  Area  ................................................................................................................  22 
 3.3  Acheulean  of  the  Azraq  Basin  .........................................................................................................  23 
 3.4  C-Spring  ...........................................................................................................................................  27 

 4.  Methods  and  Materials  ..........................................................................................................................  31 
 4.1  Provenance  Analysis  ........................................................................................................................  31 
 4.2  The  C-Spring  Collection  ..................................................................................................................  33 
 4.3  Individual  Attribute  Analysis  (IAA)  ................................................................................................  35 
 4.4  Laser  Ablation  Inductively  Coupled  Plasma  Mass  Spectrometry  (LA-ICP-MS)  ...........................  36 

 5.  Results  .....................................................................................................................................................  38 
 5.1  Copeland’s  Series  Assessment  .........................................................................................................  38 
 5.2  Artifact  Provenance  .........................................................................................................................  39 

 6.  Discussion  ................................................................................................................................................  42 
 6.1  Procurement  .....................................................................................................................................  42 
 6.2  Provisioning  .....................................................................................................................................  43 
 6.3  Mobility  ...........................................................................................................................................  45 

 7.  Conclusion  ...............................................................................................................................................  46 
 7.1  Utility  of  Copeland’s  Lithic  Series  for  Determining  Artifact  Provenance  ......................................  46 
 7.2  Survival  Around  a  Desert  Oasis  ......................................................................................................  46 
 7.3  Directions  for  Future  Research  ........................................................................................................  48 

 8.  Appendices  ..............................................................................................................................................  50 
 Appendix 1: Images of the C-Spring collection used in this study. Photographed by Andrew Bell and 
 courtesy  of  Dr.  Andrew  Garrard.  Used  with  permission.  ......................................................................  50 
 Appendix 2: Photographs of newly sampled sources Photographed by Dr. Jeremy A. Beller. Used 
 with  permission.  .....................................................................................................................................  65 
 Appendix 3: Geochemical data of sources (ppm), reproduced in part from Beller (2023). Asterisks 
 indicate  newly  run  sources.  ...................................................................................................................  68 
 Appendix  4:  Geochemical  Data  of  Artifacts  (ppm)  ...............................................................................  73 
 Appendix  5:  Hierarchical  Cluster  Dendrograms  of  Artifacts  With  Artifacts  Highlighted  in  Yellow  ...  76 

 Bibliography  ...............................................................................................................................................  84 

 2 



 List of Figures 

 Figure 2.1: Example of Logistical (Radiating) and Residential (Circulating) Mobility Site 
 Patterns  from  (Lieberman  &  Shea,  1994)  ....................................................................  10 

 Figure  2.2:  Table  of  Raw  Material  Source  Locations  to  Site  from  (Kandel  et  al.,  2016)  ........  14 
 Figure 3.1: Map of Physiographic Units Within Jordan. Figure modified from (Cordova & 

 Ames,  2017,  p.  532)  .....................................................................................................  17 
 Figure 3.2: Striplog of Sedimentary Rocks Within the Azraq Basin. Figure Modified from 

 Sánchez de la Torre et al. (2019) with Descriptions from Alsharhan & Nairn (2003: 
 432).  .............................................................................................................................  20 

 Figure  3.3:  The  Geology  of  the  Azraq  Basin  Modified  from  (Ta’any,  2013,  p.  198).  .............  21 
 Figure  3.4:  Map  of  Azraq  Basin  and  Greater  Azraq  Oasis  Area  from  (Ames  et  al.,  2014)  .....  21 
 Figure 3.5: Map of the GAOA and Archaeological Sites Modified from 

 (Nowell  et  al.,  2016)  ....................................................................................................  23 
 Figure 3.6: Examples of Copeland’s Lithic Series: Dark Grey (top left), Brown (top right), 

 Pale Grey (bottom left), and Olive (bottom right). Photographed by Jeremy Beller and 
 courtesy  of  Andrew  Garrard.  Used  with  permission.  ..................................................  30 

 Figure  4.1:  Sample  Provenance  Procedure  from  (Malyk-Selivanova  et  al.,  1998  p.  678)  ......  32 
 Figure 4.2: Example Bifacial Cleaver from the C-Spring Collection, Photographed by 

 Jeremy  Beller  and  Courtesy  of  Andrew  Garrard.  Used  with  permission.  ...................  33 
 Figure  4.3:  Descriptive  Table  of  The  C-Spring  Collection  ......................................................  35 
 Figure  5.1:  Bivariate  Plots  of  Copeland’s  Lithic  Series  ...........................................................  39 
 Figure 5.3: Bivariate plots of North-Eastern vs Western Catchment Areas. Shaded Areas 

 Represent  Different  Catchment  Areas  .........................................................................  40 
 Figure  5.4:  Examples  of  Hierarchical  Dendrograms  results  ....................................................  41 
 Figure 5.5: Pie Charts Detailing Raw Material Source (left) and Catchment Area (right) of 

 C-Spring  Artifacts  ........................................................................................................  42 
 Figure  6.1:  Map  of  C-Spring  and  Surrounding  Raw  Material  Source  Locations  ....................  43 

 3 



 Acknowledgments 

 I would first like to thank my supervisor Dr. Jeremy Beller. His guidance and assistance 

 during this project has been invaluable and without him I doubt any of this would have been 

 possible. 

 In addition I would like to thank Dr. Brian Thom for his help guiding myself and the rest 

 of the honours class in the creation and pursuit of our research. His assistance has been 

 invaluable to us all. 

 My thanks also go out to Jindra Belanger and the rest of the staff in the Department of 

 Anthropology at the University of Victoria for all they have done for me and the rest of the 

 department without any expectation of acknowledgement or thanks. 

 Last, but certainly not least, I would like to acknowledge the rest of the honours cohort. It 

 was a lot of late nights and early mornings but we’ve finally done it. I look forward to seeing 

 where everyone ends up, congrats guys. 

 4 



 1. Introduction 

 Survival for prehistoric hunter-gatherers in marginal environments often depended on the 

 acquisition of a few key resources. In desert environments this deciding factor is typically access 

 to reliable sources of water. Provenance analysis of lithic artifacts from these ancient desert sites 

 can provide incredible insight into the nature of resource procurement, provisioning, and 

 mobility patterns utilized by past forager populations (e.g., Adams & Brooke, 2009; Brandl, 

 2016; Ekshtain et al., 2013; Evans et al., 2007; Finkel et al., 2019; Gurova et al., 2014; Luedtke, 

 1979; Shackley, 1988). Lithics occupy an ideal place for these studies. Given their relative 

 ubiquity among  Homo sapien  and other hominin forager  societies, it is extremely likely that at 

 any given archaeological site there will be some form of lithic artifact left over. The geological 

 durability of stone when compared to organic artifacts ensures they remain geochemically 

 accurate for far longer, degrading at a fraction of the rate of even the most durable of organics. 

 Weathering is also far less of a concern in lithic artifacts. Given these factors, successful 

 provenance studies draw from robust data sets, using distinct geochemical elements to 

 discriminate between parent sites and/or sources of these lithic artifacts. Aiming to determine the 

 most probable site of origin for the tools. This is often done through a combination of 

 macroscopic, petrological, and geochemical methods (Brandl, 2016; Malyk-Selivanova et al., 

 1998). Within cherts there is arguably no one best method of discrimination. It is a notoriously 

 difficult material to characterize and, as such, a suite of different discriminating factors have 
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 been described (Brandl, 2016; Luedtke, 1979, 1992). A side effect of this is the tendency for 

 provenance studies examining chert to become frustratingly complicated. 

 Within the Levant, (modern Israel, Palestine, Syria, Jordan, and Lebanon), the 

 provenance of artifacts has recently become an issue of interest. This region connects Africa to 

 Europe and Asia through several biogeographic corridors that run through the Arabian and Sinai 

 peninsulas (Cordova, 2007). As such, this region likely played a significant role in the story of 

 hominin migration out of Africa (López et al., 2015). The biogeographic corridors facilitated the 

 movement and survival of hominins and animals during times of environmental stress enabling 

 residual populations to survive harsh conditions (Nowell et al., 2016). Along these corridors 

 archaeologists have found evidence of Paleolithic hominins acquiring artifacts from both local 

 and non-local procurement ranges (e.g., Ekshtain et al., 2013, 2017; Finkel et al., 2019). For 

 example, Ekshtain et al., (2017) used geochemical analysis of Paleolithic artifacts recovered the 

 Neanderthal site of Amud cave to demonstrate artifact sources within their daily exploitation 

 area of the site, as well as those from considerably long distances (>60km). 

 The Azraq Basin in the eastern desert of modern Jordan was a place of concentrated 

 hominin occupation  during the Middle (781-126 kya)  and Upper (126-12 kya) Pleistocene  . This 

 has been well documented by almost a century's worth of intermittent archaeological research in 

 the region (Beller, 2020; Copeland & Hours, 1989d; Kirkbride, 1989; Nowell et al., 2016; 

 Rollefson et al., 1997). At the heart of the basin lies the  Greater Azraq Oasis Area (GAOA), a 

 perennial spring-fed wetland complex.  Archaeological research in the 1950-80s discovered the 

 Acheulean site of C-Spring next to the GAOA, which now represents one of the most interesting 
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 finds. The lithic assemblage was first analyzed by L. Copeland who evaluated the raw material 

 based on their macroscopic characteristics into various lithic series. The nature of the assemblage 

 has led to its interpretation as a dedicated knapping locale  (Copeland 1991) and, as such, allows 

 us a unique glimpse into the material culture of the hominins around a desert oasis. 

 With the uniqueness of this site in mind, this project will look to address provisioning 

 methods used by the hominins that lived at C-Spring as well as examine the effectiveness of 

 Individual Attribute Analysis at determining meaningful artifact groups in this specific region. 

 To do this I will aim to answer three primary research questions:  What is the nature of lithic 

 procurement and provisioning at C-Spring? From where are the hominins at C-Spring acquiring 

 the raw material for their artifacts? How applicable are the lithic “series” established by 

 Copeland (1989) for determining artifact provenance?  1 

 The study of provisioning and land use has a long history. I would argue that since the 

 very beginning of Anthropological study, where and how people have acquired resources has 

 been a question archaeologists have sought to answer when studying cultures. However, for the 

 purposes of this paper I will be primarily drawing from the work of Binford (1980), Kelly (1983, 

 2013), and Kuhn (1992, 1995) for theoretical grounding to analyze mobility patterns and 

 procurement strategies. These works have been chosen as all have either withstood much 

 scrutiny through their age or offered new insights to build off of the previous authors, as in the 

 1  This type of analysis places my study directly into  the field of archeology with very 
 little overlap into cultural or linguistic anthropology. The only major overlap with biological 
 anthropology comes from the understanding that provisioning strategies and land use patterns 
 shown in the stone archeological record will also provide information regarding hominin 
 evolution and possible changes to behaviors the land use may suggest. Within the graduate 
 themes this project fits firmly in the Evolution and Ecology subsection. 
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 case of Kelly (2013). Procurement strategies have been shown through ethnoarchaeological 

 works such as Binford (1980) to serve as useful tools to interpret different behaviors used by 

 hunter-gatherer societies and can reflect the unique ways people adapt to their environments. By 

 synthesizing these ethnoarchaeological insights with the pure archeological sourcing methods 

 found in Malyk-Selivanova et al. (1998), I provide insight into the nature of  interaction between 

 the hominins of C-Spring and their environment. 

 2. Literature Review 

 2.1 Mobility 

 Mobility refers to the movement of foragers throughout their landscapes, typically on an 

 annual (or seasonal) and daily basis. This idea has always been of great interest to archaeologists 

 but for the purposes of this study the mobility types as defined by Binford (1980) and (Taylor, 

 1964) will be of key interest. Beginning with Binford’s model, he noticed during his research 

 with Inuit communities in Alaska and the San of southern Africa, that groups tended to fall along 

 one of two distinct styles of movement and resource utilization in their landscape. He describes 

 these as either logistical groups, who move resources to residential camps, or residential groups 

 who move camps to resources. Binford noted there seemed to be an inverse relationship between 

 the patterns and that groups would tend to fall somewhere between the two extremes. He argued 

 that these differing patterns would lead to distinct patterns in the archaeological record (Binford, 

 1980). He termed the two differing types of forager mobility:  logistical/collectors  and 

 residential/foragers  (Binford, 1980). 
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 Binford described logistical mobility as a style of movement wherein a wide distribution 

 of steady, reliable resources necessitated the creation of “special task groups” (Binford, 1980), 

 who would leave camp in a strictly organized manner to acquire specific resources at these 

 widespread locales. After acquisition, these groups would return to the central camp location and 

 distribute their goods to the whole. Through several of these highly specialized task groups 

 working together the entire camp could be supplied with essential resources that would otherwise 

 be impossible to acquire in a timely fashion. This type of mobility led to a characteristically large 

 main camp located somewhere between these resource pockets (Binford, 1980; Kelly, 1983). 

 This main camp would be a permanent/semi-permanent location where all facets of hominin life 

 could be observed. As this main camp was in an optimal location it would rarely be moved 

 except for periods of large environmental change such as the switch from winter to summer 

 where the resource pockets were also likely to be in new locations or otherwise inaccessible. 

 Here, there is a very high degree of individual movement, with foragers traveling far into the 

 landscape before returning to the main camp, but a very low degree of camp movement as it 

 remains in place for long periods of time (Binford, 1980). 

 In contrast to the above mobility pattern, Binford classified other hunter-gatherer models 

 of organization as, residential/forager groups. In these situations, widely, yet equally dispersed 

 food resources necessitate larger movements of forager bands which may or may not return to 

 “residential” sites each night (Binford, 1980). In this case, dedicated task groups are not possible 

 and overexploitation of a single area is easy. Consequently, smaller collections of the larger 

 group tend to band together and disperse into the landscape (Binford, 1980; Kelly, 1983). With 

 this pattern of mobility archaeological evidence may be widely spread throughout the landscape 
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 necessitating different methods of collection when compared to logistical groups. This mobility 

 pattern is characterized by a low degree of individual movement, as foragers tend to remain quite 

 close to the temporary camp location, but a very high degree of camp movement (Binford, 1980). 

 Figure 2.1: Example of Logistical (Radiating) and Residential (Circulating) Mobility Site Patterns from (Lieberman 
 & Shea, 1994) 

 A related pattern of mobility to residential is  tethered mobility  . Tethered mobility, as 

 defined by Taylor (1964), is a pattern where the movements of hominins are restricted and 

 limited by access to a key resource, most frequently water (Kelly, 2013; Taylor, 1964). In groups 

 that are tethered to a resource, we expect to see a pattern of movement that indicates they radiate 

 from the location where it can be accessed. Their maximum foraging ranges are directly limited 

 and controlled by access to reliable sources of water (Kelly, 2013). In turn, these foragers often 

 have a wider foraging range, (greater than 10 km), than comparable non-tethered foraging 

 groups. As they trade reliable access to water for foraging efficiency in other resources (Kelly, 

 2013). Sites left by these groups would show excessive exploitation of resources surrounding the 
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 tether location but few to no exotic resources as travel and collection beyond the zone of security 

 is not viable. 

 With all of this in mind another goal of this study will be to attempt to determine the 

 mobility patterns of the hominins of C-Spring. Binford’s models have been the most helpful in 

 interpreting my findings. While in the case of C-Spring we only have the stone record of the 

 activities there, my findings help us to place the hominins there somewhere on the spectrum 

 between these two extremes. Additionally, Taylor’s ‘(1964)’ model provides, nuance to Binford’s 

 structure accounting for patterns that reflects. By analyzing the distance that the C-Spring 

 artifacts are from their original sources I hope to place the hominins there behaviorally near to 

 one of these example groups. This will inform later interpretations of land use and movement 

 throughout the landscape that the C-Spring hominins were using. 

 2.2 Procurement 

 Procurement refers to the strategies, travel distances, and decision making that goes into 

 the acquisition of raw materials for lithic tools (Binford, 1979; Blades, 2002; Ekshtain et al., 

 2013; Gould & Saggers, 1985). Binford (1979) discusses raw material procurement ‘embedded’ 

 within other behaviors hence the name. Building off of this idea, Blades (2002) suggests ‘direct’ 

 lithic procurement, with trips dedicated to the acquisition of raw materials. finally, Gould (1978) 

 proposes the  exotic stone hypothesis  which claims that ‘indirect’ procurement, for ‘non local’ or 

 ‘exotic’ raw materials could explain the presence of foreign raw materials where the group in 

 question could not acquire the material themselves and must find another method of acquisition 

 such as long distance exchange (Gould & Saggers, 1985). 
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 Embedded procurement, refers to a method of raw material acquisition where the 

 foragers in question are practicing some other behaviour or activity and acquire the raw material 

 during the process of doing so (Binford, 1978, 1979). Given that lithic sources by their very 

 nature are stationary, it is often the case that mobile hunting or fishing opportunities represent a 

 more pressing issue in hunter-gatherer societies. Due to their sedentary nature the raw material 

 sources can simply be a factored cost in the expedition to the exploitation grounds of other 

 resources (Binford, 1978, 1979). This type of procurement occurs most frequently in regions 

 with limited mobile resources such as food, but abundant sources of raw materials for tools. 

 Direct procurement is where foragers are traveling to raw material sources for the express 

 purpose of acquiring raw materials (Blades, 2002). These sources are most frequently contained 

 within the larger territory the foragers control or otherwise explore. As these quarrying sites are 

 often far from the main exploitation area, in an attempt to cut down on excess weight tool 

 creation will often be conducted at the quarry site itself. This means that direct procurement 

 behaviors can often be identified by the quarry as a high volume of debitage and other 

 manufacturing implements will be found at the site (Barkai et al., 2006). 

 The last style of provisioning important to mention for this paper is indirect procurement. 

 Indirect procurement can be summed as the acquisition of raw materials through alternative 

 means beyond traveling to the source location. The most common theory being that some form 

 of long distance exchange is involved (Gould & Saggers, 1985). As such, hominins who 

 practiced indirect procurement can often be identified by the presence of whole tools made of 

 materials from a ‘long’ distance away, although the definition of long remains up to the 
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 researcher. It should be noted that material quality does not influence this interpretation as both 

 low and high quality raw materials have been identified as objects of long distance exchange 

 (Gould & Saggers, 1985). 

 Each of these suggested methods of lithic procurement carry with them several district 

 traits and implied aspects about the people and land utilization of the groups associated with 

 them. As Kandel et al., (2016) demonstrates, each of the three types of procurement have 

 associated average distance from source to site. In this paper the authors find that local 

 procurement occurs between a distance of (0-5km), regional exploitation occurs from (6-20km), 

 Supra-regional exploitation stretches from (21-100km), and extreme distance are anything 

 beyond that (100+km) (Kandel et al., 2016). As previously mentioned, embedded procurement 

 will most frequently occur associated with shorter procurement distances as foragers are unlikely 

 to choose to exploit further sources (Binford, 1979, 1980; Kandel et al., 2016). Direct 

 procurement is more likely to be found in association with regional and supra-regional distances 

 as hominins are forced to travel further into the landscape to these scarce and valuable sources of 

 raw material (Blades, 2002; Kandel et al., 2016). Lastly, large supra-regional and extreme 

 distances are indicative of indirect procurement as hominins are forced to find alternative 

 methods to acquire raw materials as travel to the source location becomes infeasible (Gould & 

 Saggers, 1985; Kandel et al., 2016). Kandel et al., (2016) also details an argument that increasing 

 distance between artifact sources and their eventual use sites can serve as an indication of 

 increasing behavior complexity. 

 13 



 Figure 2.2: Table of Raw Material Source Locations to Site from (Kandel et al., 2016) 

 2.3 Provisioning 

 Procurement is largely performed for the purposes of provisioning. Provisioning refers to 

 the strategies surrounding tool creation and the various methods of hominins preparing for tasks. 

 (Kuhn, 1992, 1995, 2004, 2020) outlines three distinct forms of provisioning strategies: 

 individual, place, and activities. Provisioning of the  individual  relates to how foragers will outfit 

 themselves with personal gear, a specific toolkit that can be carried on their person for 

 anticipated tasks (Kuhn, 1992, 1995). Since individuals are mobile, artifact utility and transport 

 cost must be considered heavily with this provisioning strategy. However, due to individuals 

 outfitting themselves with a specific task in mind this tends to lead to far less waste. Sites where 

 individuals are provisioning themselves are likely to have a few indicative tool types associated 

 with them as well as a high amount of debitage as tools are created/resharpend at the site (Kuhn, 

 1992, 1995, 2020). One also expects to find many exhausted or otherwise destroyed cores at this 

 site as they are discarded on site once they are no longer useful. 

 Provisioning of  place  pertains to how foragers stockpile  raw materials, blanks, cores, or 

 even tools for later reduction and anticipated use. This is often done at strategic points on the 
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 landscape or at their camp where the future need for tools necessitates a necessary but not yet 

 known tool kit (Kuhn, 1992, 1995, 2020). This is done in an effort to create more available 

 sources of raw materials within the extent of their territory and decrease the necessity of future 

 mobility (Kuhn, 1995; Potts, 1991). Identification of this type of provisioning is dependent on 

 several factors. The first of which is an extremely high frequency of primary stage reduction 

 lithics, cores and blanks for example, as well as finished tools within the assemblage. This is 

 combined with a relatively low frequency of debitage and short distance the lithics have been 

 moved. It should be noted that a ‘high frequency’ is never defined by even the most extensive of 

 descriptions (Hovers, 2003; Kuhn, 1995). There is also no minimum number of lithics that need 

 to be recovered before such inferences can be made. In assemblages where we see hominins 

 provisioning places we can assume there is a guaranteed minimum degree of planning as 

 materials are stockpiled and tools are manufactured for future use. 

 Lastly, provisioning of  activities  involves little  or no planning and occurs only when the 

 need or opportunity for resource exploitation is encountered (Kuhn, 2004). This low-cost 

 strategy eliminates the risk of overproduction and is suitable in landscapes with well-known or 

 abundant raw materials sources. This is also a strategy of provisioning we would expect to 

 encounter in regions where foragers do not necessarily require tools to access resources (Kuhn, 

 2004). This type of provisioning is characterized by many ad hoc or informal tools as 

 manufacture is not structured in any way. This also directly leads to tools of a lower quality or 

 skill in the assemblage. Lastly, applied provisioning strategies may be dependent upon the types 

 of tool intended for manufacture. It may not be directly linked to the quality or availability of 

 raw materials but this does not have to be mutually exclusive. Visits to a source location may 
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 lead to the production of a certain tool type and the transportation of cores back to camp. 

 Naturally, these behaviours are all heavily influenced by the nature of the environment these 

 foragers were living in and so in the next chapter I will discuss the context of the site and the 

 region it was discovered in. 

 3. Context of study 

 3.1 The Azraq Basin 

 The modern Kingdom of Jordan is divided into six large physiographic units 

 (Figure 3.1). Among these are the low elevation Dead Sea Rift Valley, and the adjacent Western 

 Highlands which run along the western border of the nation. In the south of the nation, massive, 

 heavily weathered beds of sandstone make up the region aptly named the Sandstone Mountains 

 and Valleys. The northeastern ‘pan-handle’ is largely divided based on the types of rock that 

 cover the region, most notably the Northern Basalt Plateau (Harrat Ash-Shamm) and the 

 Northeastern Limestone Plateau. Near the center of the Kingdom, the large Central Plateau 

 extends from the western highlands to the eastern border that connects Jordan to Saudi Arabia. 

 This constitutes the largest of the physiographic units in the country. Within the Central Plateau 

 there exists two large topographic basins: the Al-Jafr Basin in the south and the far larger 

 Azraq-Wadi Sirhan Basin to the northeast (Figure 3.1). The latter of which represents a structural 

 depression within the continental Arabian Plate and includes the closely named Azraq Basin. The 

 Azraq Basin is a large (~13,00  km) endorheic  depression and in this region there is no water  0  2 

 outflow. Instead, many of the streams, (locally known in Arabic as wadi) become concentrated 
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 near the center in a large mudflat called Qa’ Azraq. During wet periods this region would have 

 expanded into a large lake. However, during dry periods, the lake would evaporate leaving 

 behind an extensive mudflat. 

 Figure 3.1: Map of Physiographic Units Within Jordan. Figure modified from (Cordova & Ames, 2017, p. 532  ) 

 The Azraq Basin, taken as part of the Azraq-Wadi Sirhan basin, is largely within the 

 northern portion of the Central Plateau and it extends into the Northern Basalt Plateau (Harrat 

 Ash-Shaam) (Figure 3.1). Its dominant geology is a mosaic of both igneous and sedimentary 

 rocks which have been covered by layers of alluvium and topsoils (Bender, 1974; Worzyk & 

 Huester, 1987). While there are a number of geological formations in the Azraq Basin, for the 

 purposes of this study I will be focusing on three: The Muwaqqar Chalk-Marl, Umm Rijam 

 Chert-Limestone, and Wadi Shallala Chalk formations (Figures 3.2-3.3). These are the chert 

 bearing formations in the Azraq Basin and as such are the only sources of chert hominins in the 

 region could have been acquiring raw materials from. Their formation was largely influenced by 
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 eustatic fluctuations of the Arabian-Nubian shield and the later placement of the Tethys Sea in 

 the north-west during the Upper-Cretaceous-Eocene epoch (Moumani, 2005; Sonnefeld, 1978). 

 The Wadi Shallala Chalk Formation (WSC) is the youngest of the three chert-bearing 

 formations. It dates to the Middle-Late Eocene based on the fossil record that has been recovered 

 from within and it’s sequence is largely made from chalk and dolomitic limestone layers 

 (Andrews, 1992; Delage et al., 2019), which has been found to yield chert nodules between 

 approximately 5-15 cm in size (Sánchez de la Torre et al., 2019). The WSC Formation was most 

 likely deposited in a mid-to-outer shelf marine environment (Alsharhan & Nairn, 2003), and 

 today is exposed primarily along the Yarmouk River in the northwest of Jordan with other, sparse 

 exposures within the Azraq Basin, primarily in the south (Sánchez de la Torre et al., 2019). 

 The Umm Rijam Chert-Limestone Formation (URC) is located in the middle of the WSC 

 and Muwaqqar Chalk-Marl formations where it overlies the latter where the two meet. This 

 formation dates to the Early-Middle Eocene and extends across much of the Central Plateau 

 including the Wadi Sirhan and Azraq basins (Alsharhan & Nairn, 2003). This formation can be 

 incredibly thick, (>100 m), in places and contains a rhythmic sequence of chalk, cherts of various 

 color, and limestone layers (Ibrahim, 1996; Qudaira, 1997, 2000). In this formation there is an 

 overall low chert to limestone ratio (1:10) (Abed et al., 2002; Abed, 1982), this is particularly 

 apparent when compared to other formations in the Levant. An abundance of calcareous 

 nannoplankton and other benthic planktonic fossils suggest that the URC formation was 

 deposited in a deep-water, likely pelagic environment (Alsharhan & Nairn, 2003). 
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 The last of the three formations, the Muwaqqar Chalk-Marl (MCM) Formation, is the 

 oldest, dating back to the Upper-Cretaceous. Due to the extremely limited number of exposures it 

 is the most poorly understood of the three. This formation is informally divided into two distinct 

 but related units, (upper and lower). The upper unit is subdivided into 66 repeated sequences of 

 partly fossiliferous and chalky limestone (Al-Hunjul, 2001; Ibrahim, 1996). The depositional 

 environment of this until having been interpreted as a deep-water, outer shelf marine 

 environment (Andrews, 1992). The lower bed largely consists of argillaceous and fossiliferous 

 limestone deposits (Andrews, 1992), in contrast to the upper unit, these beds were believed to 

 have been slowly deposited in a low energy, broad shelf environment (Alsharhan & Nairn, 2003). 

 It should be noted that Sánchez de la Torre et al. (2019) reported finding more chert nodules than 

 beds as well as a gradual decrease in silifications as outcrops as one heads from south to north. 
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 Figure 3.2: Striplog of Sedimentary Rocks Within the Azraq Basin. Figure Modified from Sánchez de la 
 Torre et al. (2019) with Descriptions from Alsharhan & Nairn (2003: 432). 

 20 



 Figure 3.3: The Geology of the Azraq Basin Modified from (Ta’any, 2013, p. 198). 

 Figure 3.4: Map of Azraq Basin and Greater Azraq Oasis Area from (Ames et al., 2014) 
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 3.2 Greater Azraq Oasis Area 

 Within the Azraq Basin lies the Greater Azraq Oasis Area (GAOA). Located in the 

 northwestern portion of the Qa’ Azraq mudflat, this encompasses the area around the historical 

 Druze Marsh and the recently rehabilitated Shishan Marsh (Cordova et al., 2013). These marshes 

 are fed by springs created by the local aquifer that maintained their presence as a source of fresh 

 water during arid environmental periods. However, in the wet season, overflow from Qa’ Azraq 

 can spill into the GAOA which can have an effect on the salinity of the water in the marshes 

 (Cordova et al., 2013). However, this is only temporary as the evaporation of the qa’ causes the 

 waters to recede and the marshes become more fresh without the salinated inflow. While 

 temporally limited, this has important implications for the GAOA as this means that not only is 

 the area affected by long-term regional climate changes but also by smaller term changes caused 

 by the seasons. The aquifer system of the Azraq Basin is one of the most important for modern 

 populations in Jordan, however, this has had unfortunate consequences as in the 1980’s excessive 

 over exploitation of the aquifer led to both marshes rapidly drying until both were completely 

 gone by the 1990’s (Cordova et al., 2013). Unfortunately, the Druze marsh has not been restored. 

 The Shishan Marsh, however, has a slightly better outlook as restoration efforts by the Royal 

 Society for the Conservation of Nature have been successful in restoring a small portion (<10%) 

 of the marsh (France, 2010) and native wildlife is once again beginning to return to the location. 

 These marsh complexes have been consistent for the last several hundred thousands of years and 

 allowed the GAOA to be a source of freshwater in the past, much as it is now. 
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 Figure 3.5: Map of the GAOA and Archaeological Sites Modified from (Nowell et al., 2016) 

 3.3 Acheulean of the Azraq Basin 

 The chaos and destruction from WWII caused much of the archaeological potential in 

 Jordan and the Azraq Basin to be temporarily obscured. This changed in 1956 when a chance 

 discovery occurred during the construction of a large irrigation system by the U.S. Aid Point IV 

 Princess Alia Project conducted by Baker & Harza Engineering Company (1958). Then foreman 

 R. Pannell noticed the regular occurrence of lithic artifacts in many of the dredging buckets in 

 the excavations from Ain-el-Assad, which is more commonly known by its English name of 

 ‘Lion Spring’. Pannell informed G. Harding, the director of the Department of Antiquities of 

 Jordan at the time of his discovery. After traveling to the site, Harding was stunned by the sheer 

 volume of bifaces, describing seeing “six or seven hundred axes” and “several hundred” other 

 lithic artifacts (Harding, 1958). Shortly after this visit, D. Kirkbride also examined the irrigation 

 project to collect more of the exhumed materials and record the geomorphic contexts (Copeland 
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 & Hours, 1989e; Kirkbride, 1989). During this investigation, clusters of lithic and faunal remains 

 were discovered approximately 240-180 cm below the surface (Kirkbride, 1989). 

 Additional trenches contributed to a large canal system, most namely at C-Spring, 

 D-Spring, and E-Spring. From these sites, an additional 160 lithic artifacts were collected from 

 the surface and backdirt piles. These assemblages were later analyzed by L. Copeland (Copeland 

 & Hours, 1989b, 1989c, 1989a), who found they consisted of bifaces, cores, and scrapers, the 

 majority of which were consistent with the Achulean tradition. 

 In 1979, two more visits were conducted by G. Rollefson (1980). These trips allowed the 

 collection of an additional 538 lithic artifacts, including 62 bifaces, from piles of backfill. Over 

 the next two years, 1980-1981, Rolleffson conducted two formal seasons of excavation at Lion 

 Spring. They were ultimately unsuccessful at relocating the Achulean bearing deposits, but were 

 able to recover additional bifaces and Levallois lithics in reexamined backfill (Rollefson, 1980, 

 1983). 

 In the mid-1970’s, a team led by A.Garrard undertook what is known as the ‘Azraq 

 Project’, with the goal of examining the long term nature of environment, settlement, and 

 subsistence during the late Pleistocene and early Holocene (Copeland et al., 1975; Garrard et al., 

 1994). This project consisted of surveys and probes along several river beds, most notably Jilat, 

 Usaykhim (Aseikhim), and Uweinid (Uwaynid), over four seasons (1975, 1982, 1984, 1985). 
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 The techno-typological consistency of the spring site assemblages led to their 

 categorization as the Late Acheulean of Azraq (LAA) facies. These facies were initially 

 identified in the collective C-Spring assemblage (Copeland, 1991). The assemblages from Lion 

 Spring, D-Spring, and E-Spring contained similar traits but were too small to confidently make 

 any specific claims regarding the sites. To sum, the LAA is defined by many small-medium 

 handaxes, cleavers, Quina scrapers, Levallois-esq flakes, and an almost absence of blades. This 

 toolkit exhibits a progressive trend towards greater use of the Levallois technique. After this, 

 research was completed over-exploitation of the Azraq aquifer during the 1980-1990’s led to a 

 large reduction in the local water table, completely drying both the Shishan and Druze marshes. 

 This oversight led to the exposure of previously submerged deposits. 

 Paleolithic remains were initially discovered in 1996 by a palaeoenvironmental team 

 performing work for the ‘Madaba Plains Project’. While extracting sedimentary cores in the ‘Ain 

 Soda’ (Sawda) section of the Shishan Marsh, the team noticed bifaces on the surface as well as 

 the distinct protrusions of bifaces still in situ which had been exposed from bulldozer activity. 

 The team then contacted Rollefson and a more substantial crew began to systematically recover 

 the artifacts from ‘Ain Soda’ and the nearby ‘Ain Qasiyya. Lower Paleolithic artifacts (n>400) 

 were recovered from ‘Ain Soda while only a single biface was discovered at ‘Ain Qasiyya 

 (Rollefson et al., 1997). While initial documentation of the stratigraphy was done in 1996, it 

 would not be until 2007 that a more formal study would be performed (Cordova et al., 2009; 

 Rollefson et al., 1997). A formal excavation of ‘Ain Soda was led by Rollefson in 1997 but the 

 full results of the excavations have not yet been published. Though preliminary results suggest 

 consistency with the 1996 findings and the other spring sites to the south (Rollefson et al., 1997). 
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 In addition, Rollefson and colleagues surveyed the Shishan Marsh and identified additional sites 

 near ‘Ain Soda. The success of Rollefson’s excavations and surveys highlighted to potential of 

 the (former) marshes to reveal in situ archaeological sites and in 2008-2011, the Druze Marsh 

 Archaeological and Paleoecological Project (DMAPP) led by A. Nowell created several 

 soundings within the northern Druze Marsh. Several of these produced small collections of 

 Lower Paleolithic lithics. Most notably, Achulean handaxes and cleavers which were associated 

 with a transition from deep marsh to dryer conditions (Ames & Cordova, 2015; Cordova et al., 

 2013). Subsequent excavations from 2013-2015 for the ‘Azraq Marshes Archaeological and 

 Paleoecological Project (AMAPP) also led by Nowell focused on the site of Shishan Marsh 1 

 (SM1). Altogether, ten sedimentary units were identified with two being found to contain 

 abundant Lower Paleolithic remains approximately a meter below the surface (Boyd et al., 2022; 

 Nowell et al., 2014). Dates obtained using optically stimulated luminescence places the 

 occupation within 266 ± 40ka (layer 8), 125 ± 12 ka (layer 7b), and 119 ± 40 ka (layer 7a) (Boyd 

 et al., 2022; Nowell et al., 2016). 

 The artifacts recovered from ‘Ain Soda are described as being of the “Late and Final 

 Acheulean” (Rollefson et al., 1997) as is the assemblage from SM1 (Nowell et al., 2016). 

 Interestingly, it was noted that there was a far higher frequency of cleavers (10-15x) at ‘Ain 

 Soda,  C-Spring, and Lion Spring than within other sites in the Levant (Gilead, 1973; Rollefson 

 et al., 1997; Rollefson, 1984). These tools contain deliberately dulled lateral edges, a minimum 

 of one tranchet scar across the distal end, and often a bifacial base. These modifications create a 

 dual function tool with the base being used for chopping/hacking and the distal end being used 
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 for slicing. These distinct features led to this tradition being termed the “Azraq Achulean 

 cleaver” (Rollefson et al., 1997) 

 3.4 C-Spring 

 The first set of  “key” readings this project will be drawing from are Copeland (1991), 

 Copeland (1988), and Copeland (1989). I have chosen to group these articles together as they 

 will all fulfill a very similar role providing background information about the site and artifacts. 

 All of these articles will serve to guide my understanding of the site of C-Spring itself and the 

 artifacts found there. These articles will also provide the historical understanding of the site as 

 the first descriptions of C-Spring come from this series of papers. From Copeland (1989) I will 

 be drawing the lithic “series” from her description of the collection. In this reading there are also 

 black and white sketches of all the artifacts from C-Spring which will be helpful when I am 

 creating my own IAA table. From Copeland (1991) and (1989), I will draw information on the 

 stratigraphy of C-Spring and the particulars of the artifact culture found within them. These 

 papers also contain some information about the likely paleoenvironment found there which I 

 may use later in the study to help inform my interpretation of the results of my study. 

 As previously noted, C-Spring was first discovered in 1956 during the construction of an 

 irrigation system by the U.S Aid Point IV Princess Alia Project in the 1950s. After this initial 

 discovery, additional trenches were put in at C-Spring, D-Spring, and E-spring, where more lithic 

 caches were identified. The materials were later analyzed by Copeland (1989, 1991), and 

 includes bifaces, cores, and scrapers, which are consistent with the Late Acheulean. A later team 

 led by A. Garrard returned to the site in the mid-1970’s as a piece of what was termed the ‘Azraq 

 Project’ with the goal of discovering the long term nature of environment, settlement, and 
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 subsistence during the Late Pleistocene and Holocene (Copeland et al., 1975). This included a 

 small-scale excavation of C-Spring in 1985 where further evidence of Lower Paleolithic 

 occupation was found. A 3 x 1.5 m sounding was opened that was separated from the original 

 C-Spring trenches by a distance of 30 m. (Copeland & Hours, 1989c; Garrard et al., 1994; 

 Garrard & Hunt, 1989). At an approximate depth of 3 m, layers of blue-grey silt (Levels Q and 

 P), contained sparse Middle Paleolithic and Lower Paleolithic artifacts. Below, further layers of 

 silt (levels S and R) contained a large trove of artifacts, (n>4000), (Copeland & Hours, 1989c; 

 Garrard & Hunt, 1989) the density and amount leading to the site being described as a “river of 

 flint” (Copeland, 1991). 

 The initial discovery pit was named C-Spring-BH after the  Baker and Harza engineering 

 firm responsible for its discovery. Due to the haphazard nature of this site's discovery and initial 

 recording, it is far less understood than C-Spring-AG. Here, a total of 115 individual artifacts 

 were found. 17 of these were bifaces, cleaver and handaxes, that clearly represented a Lower 

 Paleolithic tradition  (Copeland & Hours, 1989b)  . The  vast majority of these artifacts however, 

 are unretouched flakes/debitage (n=72), in addition several discarded cores (n=7) were 

 recovered. These artifacts were reported as being analogous to the style found at the other site 

 (Copeland, 1991). There were also several fragments of bone recovered, many from megafauna 

 species that are now extinct in the region such as rhinoceros and various species of wild cattle 

 (Clutton-Brock, 1970, 1989)  . While interesting, these  finds were not substantial enough in 

 quantity or consistency to represent a serious faunal assemblage at this site. Copeland (1991) 

 suggests these bones may have been the remains of meals as most are from young animals but 

 importantly, there is no evidence of any large scale butchery at this site. 
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 The second investigative pit at C-Spring was dug by a team led by Andrew Garrard in 

 1985 30m south of the original find. This pit was dubbed C-Spring-AG after the head researcher 

 responsible for the project. These lithics were then analyzed by Copeland & Hours, (1989a), she 

 found the assemblage consisted of handaxes, unutilized flakes, cores, and debitage. The style of 

 which was consistent with the Acheulean. Many of these artifacts were described as “mint-fresh” 

 or “razor sharp” (Copeland, 1991). She also noted that many of the cores from the site had been 

 aborted and thrown away or worked down into a disc, possibly for the creation of bifaces. These 

 observations, when taken in consideration with the large number of preparation and finishing 

 debitage, led to her interpreting the site as a knapping floor (Copeland, 1991). Later, a travertine 

 layer above the Achulean-bearing sediments at C-Spring was thought to be consistent with a 

 similar layer found in the Shishan Marsh. The latter was found to have a minimum age of 220 ± 

 30 ka produced through uranium-series dating (Macumber, 2008). It should be noted that at this 

 site bifacial cleavers represent 25% of the total retouched ‘tool’ assemblage. This is quite a 

 significant difference when compared with other Levantine sites such as  Tabun F where they 

 make up 5%, Qatafa with 12%, and Maᶜayan Barukh where only 2-3% of the artifacts are 

 bifacial cleavers  (Copeland, 1991).  In her initial  assessment of the site, Copeland described the 

 artifacts as falling into one of four lithic series  (Copeland & Hours, 1989d)  . These artifacts are 

 described as being either; Brown, Olive, Light Grey, or Dark Grey (ex. Figure 3.6). While 

 Copeland did define the lithic series and the number of artifacts contained within each group. 

 She has never published an assessment of the collection with the artifacts by label. Therefore it is 

 not known which artifacts she sorted into each of the groups 
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 Figure 3.6: Examples of Copeland’s Lithic Series: Dark Grey (top left), Brown (top right), Pale 
 Grey (bottom left), and Olive (bottom right). Photographed by Jeremy Beller and courtesy of Andrew 
 Garrard. Used with permission. 

 30 



 The C-Spring collection in total consists of an assemblage of more than 4000 total lithic 

 artifacts (Copeland & Hours, 1989c). While the entire collection has not been presented in a 

 quantified table Copeland (1991 p. 4) reports “  2000  unretouched flakes, 101 cores, 62 bifaces, 

 100 other retouched tools on flakes or nodules and 700 chips, chunks and debris” from the ‘R’ 

 level alone. Of these retouched tools over 40% are handaxes (Copeland, 1991). This is a 

 remarkably dense concentration of lithic artifacts which instantly elevates C-Spring into being 

 one of the most interesting sites in the region. 

 4. Methods and Materials 

 4.1 Provenance Analysis 

 Provenance investigations seek to determine the raw material source locations of lithic 

 artifacts. There are two primary methods used in analysis of chert to do this: Geochemical 

 analysis and Petrographic analysis. The geochemical approach works by comparing element 

 concentrations, element ratios, and comparative trends in artifacts and known sources 

 (Malyk-Selivanova et al., 1998). By building off the proven assumption that intra-source 

 variation is likely to be smaller than inter-source variation, finding the source the artifact most 

 closely resembles makes a strong argument that this source is likely to have been where the raw 

 materials were acquired from. Petrographic analysis follows the same logical steps of intra vs 

 inter source variation, but instead of examining geochemical traits this method examines 

 physical characteristics. These are most commonly fossils, minerals, and detrital inclusions as in 

 some regions, different depositional environments during the formation of the chert bearing beds 

 will have left noticeable differences (Malyk-Selivanova et al., 1998). For this study, the main 

 readings I will be drawing from for my own analysis are (Malyk-Selivanova et al. 1998) and to a 
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 lesser extent (Milne et al. 2009; Shackley 2008). These three articles detail the trace elements 

 that are most likely to occur in detectable and distinguishable amounts within chert formations. 

 In addition, (Malyk-Selivanova et al. 1998) contains a flowchart detailing the process of 

 geological-geochemical sourcing which will be heavily influencing my own approach. This 

 paper also contains a series of graphs and tables which detail some of the variability within and 

 between chert sources which will be useful when I am trying to interpret the geochemical data of 

 C-Spring and surrounding source locations. By utilizing the information and methodologies 

 found within these three papers I should be able to build a strong argument for my findings. As 

 the C-Spring collection and surrounding sources have not yet been analyzed using Petrographic 

 methods this study will be using geochemical sourcing exclusively. 

 Figure 4.1: Sample Provenance Procedure from (Malyk-Selivanova et al., 1998 p. 678) 

 32 



 4.2 The C-Spring Collection 

 While this study was not able to observe all of the C-Spring collection, a sample of 32 

 flake and tool artifacts were made available for this project. As previously mentioned, while 

 Copeland did define the lithic series, an assessment of the collection with the labeled artifacts 

 sorted into this series has never been published. However, several bags containing reference 

 debitage were also provided with the collection. The description of each artifact and the context 

 they were found in can be seen in Figure 4.3. 

 Figure 4.2: Example Bifacial Cleaver from the C-Spring Collection, Photographed by Jeremy 
 Beller and Courtesy of Andrew Garrard. Used with permission. 
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 New ID  Level  Context  Content  Type  Color Series 

 38  19  Late Acheulean Floor  Lithic  Biface  Dark grey 

 40  19  Late Acheulean Floor  Lithic  Biface  Brown 

 66  19  Late Acheulean Floor  Lithic  Biface  Brown 

 31  19  Late Acheulean Floor  Lithic  Biface  Olive 

 C101  16  Late LP - Early MP  Lithic  Biface  Dark grey 

 C102  16  Late LP - Early MP  Lithic  Biface  Brown 

 25  19  Late Acheulean Floor  Lithic  Core  Pale grey 

 55  19  Late Acheulean Floor  Lithic  Core  Brown 

 61  19  Late Acheulean Floor  Lithic  Core  Olive 

 60  19  Late Acheulean Floor  Lithic  Biface  Brown 

 C103  19  Late Acheulean Floor  Lithic  Cleaver?  Olive 

 C104  19  Late Acheulean Floor  Lithic  Cleaver?  Brown 

 BSK  16  Late LP - Early MP  Lithic  Blade  Brown 

 BSF-1  16  Late LP - Early MP  Lithic  Flake  Brown 

 OS1  16  Late LP - Early MP  Lithic  Debitage  Olive 

 OS2  16  Late LP - Early MP  Lithic  Debitage  Olive 

 DGS-1  16  Late LP - Early MP  Lithic  Debitage  Dark Grey 

 DGS-2  16  Late LP - Early MP  Lithic  Debitage  Dark grey 

 C105  16  Late LP - Early MP  Lithic  Scraper?  Pale grey 

 65  19  Late Acheulean Floor  Lithic  Biface  Brown 

 57  19  Late Acheulean Floor  Lithic  Core  Dark grey 

 62  19  Late Acheulean Floor  Lithic  Core  Dark grey 

 26  19  Late Acheulean Floor  Lithic  Core  Pale grey 

 C106  16  Late LP - Early MP  Lithic  Biface  Olive 

 C107  16  Late LP - Early MP  Lithic  Biface  Brown 

 C108  16  Late LP - Early MP  Lithic  Biface  Brown 
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 59  19  Late Acheulean Floor  Lithic  Core  Brown 

 56  19  Late Acheulean Floor  Lithic  Core  Pale grey 

 34  19  Late Acheulean Floor  Lithic  Cleaver  Dark grey 

 36  19  Late Acheulean Floor  Lithic  Cleaver  Brown 

 C109  19  Late Acheulean Floor  Lithic  Cleaver  Olive 

 C110  19  Late Acheulean Floor  Lithic  Cleaver  Olive 

 C111  19  Late Acheulean Floor  Lithic  Cleaver  Brown 

 ‘Heavy duty’ tool  19  Late Acheulean Floor  Lithic  Chopper 

 C112  19  Late Acheulean Floor  Lithic  Chopper  Olive 

 Figure 4.3: Descriptive Table of The C-Spring Collection 

 4.3 Individual Attribute Analysis (IAA) 

 The key reading for my understanding of chert is Luedtke (1992). In this paper the author 

 gives an extremely useful overview of chert as a material including particulars around its 

 formation process and common trace elements that can be found within. She also describes a list 

 of physical characteristics that can be used to analyze chert macroscopically, it is upon these 

 traits that I will base my IAA. This paper will also serve to inform my later interpretations of the 

 quality of the chert for tool making later in the project. 

 Individual Attribute Analysis (IAA) was performed on 32 lithic artifacts from the 

 C-Spring collection. This analysis examined the color, texture, and macroscopic inclusions 

 following the guidelines of Luedtke (1992) and Milne et al., (2009). This was done through 

 observation with the naked eye and touch, as well as a handheld lens capable of 25x 

 magnification. The colors were recorded using the lithic series established by Copeland & Hours 

 (1989) instead of the standard Munsell Color chart to ensure that an assessment of the 

 geochemical validity of Copeland’s lithic series would be possible for the purposes of 
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 determining artifact provenance. This assessment was guided by comparing individual artifacts 

 to reference samples for each of the four color descriptions that were included in the sample of 

 the assemblage. 

 4.4 Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 

 The basis for the inductively coupled plasma-mass spectrometry comes from studies such 

 as Brandl (2016) and Neff (2012). These have shown this method of mass spectrometry to be 

 highly reliable and effective at determining trace elements within chert. While I will not be 

 directly performing any mass spectrometry analysis on the artifacts, as this information has 

 already been collected by Dr. Beller using the aforementioned method, it is important to include 

 proofs as the geochemical research performed for this study will be utilizing data generated by 

 this instrument. These two papers along with Luedtke (1992) will form the core of the proofs for 

 my research. By utilizing them I hope to form a strong base for the data I will present in my own 

 work. 

 The  geochemical  profiles  of  3  geological  sources,  and  the  15  artifacts  were  produced 

 through  laser  ablation-inductively  coupled  plasma-mass  spectrometry  (LA-ICP-MS).  Ablating 

 the  sample  with  a  laser  has  provided  a  viable  alternative  to  other  sample  digestion  methods  that 

 involve  time-consuming  combinations  of  strong  acids  and/or  heat  (Speakman  and  Neff  2005).  It 

 offers  rapid  analytical  time,  high  sample  throughput,  minimal  damage  to  the  sample,  and  low 

 detection  limits  (Neff  2012;  Speakman  and  Neff  2005).  It  is  sensitive  to  a  wide  range  of  elements 

 (  6  Li-  238  U)  and  provides  processing  on  all  elements  simultaneously,  with  multi-element  detection 

 limits  below  parts  per  million  (ppm,  10  -6  )  (Pollard  et  al.  2007).  LA-ICP-MS  analysis  was 

 conducted  at  the  ICP-MS  and  Laser  Ablation  Facility  in  the  School  of  Earth  and  Ocean  Sciences 
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 at  the  University  of  Victoria,  Canada,  by  Dr.  Beller  and  Dr.  Jody  Spence.  Each  sample  was  struck 

 to  produce  a  small  flake  (or  (Luedtke,  1992)  subsample),  <1  cm  2  in  surface  area,  from  the  most 

 homogenous  (or  purest)  portion.  This  permitted  access  to  the  interior  and  avoided  ablating  the 

 dust  covered,  weathered,  and  occasionally  patinated  or  glazed  exterior  surface  (Brandl  2016). 

 Samples  were  ablated  6-8  times.  For  both  sources  and  artifacts,  each  ablation  occurred  in  a 

 different spot and inclusions were avoided. 

 The  elements  were  measured  in  a  quadrupole  Thermo  X-series  2  ICP  mass  spectrometer. 

 An  internal  standard-independent  calibration  strategy  was  applied  which  mirrored  Chen  et  al. 

 (2011).  The  samples  were  ablated  by  a  New  Wave  UP-213  Laser  Ablation  System  with  a  laser 

 beam  diameter  of  100  μm  and  a  pulse  frequency  of  10  Hz.  The  energy  density  of  ablation  was  10 

 J/cm  2  .  NIST  Glass  611,  613,  and  615  (all  SRM)  were  utilized  for  external  calibration  and 

 precision  was  ensured  by  the  repeated  analysis  of  NIST  Glass  611  and  periodic  analysis  of  NIST 

 Glass  613  and  615.  Argon  operated  as  the  carrier  gas.  The  raw  data  were  collected  using  Thermo 

 Plasmalab v. 2.6.1 software and data reduction was performed offline with Microsoft Excel. 

 In  addition,  geochemical  data  on  11  previously  published  geological  sources  from  (Beller, 

 2020,  2023)  and  Beller  et  al.  (2020).  These  had  been  run  at  the  same  facility  and  by  the  same 

 instrument as those above. 
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 5. Results 

 5.1 Copeland’s Series Assessment 

 Initial assessment of Copeland’s lithic series appeared promising. The artifacts were easy 

 to sort using IAA and appeared to be fairly distinct. However, once this data was combined with 

 the geochemical suite of the artifacts a different story was revealed. In this assessment, bivariate 

 plots were used to search for possible relationships and chemical composition. This was to no 

 avail, even examining the four most commonly used elements for chert analysis (Al, K, Mg, Na), 

 (Gurova et al., 2014) no such relationships appeared. As the bivariate plot  s  show (Figure 5.1), 

 there appears to be no correlation between lithic series assignment and geochemical composition. 

 These plots only represent a small sample of the total number of relationships analyzed. All 

 available elements were checked in this manner but none produced a relationship. This lack of 

 geochemical backing for Copeland’s lithic series indicates that for the purposes of determining 

 artifact provenance, there is no link between lithic series and artifact source and therefore lithic 

 series designation cannot provide insight into raw material origin. 

 During the assessment of these artifacts it was noted that the texture and grain structure 

 of these artifacts remained largely consistent and were characterized by a glossy feel. Large 

 calcite inclusions were found in several of the artifacts but no additional patterns in the calcite 

 distribution between lithic series were observed. This suggests that in this assemblage, other 

 petrographic methods may not be useful for determining artifact provenance either. 
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 Figure 5.1: Bivariate Plots of Copeland’s Lithic Series 

 5.2 Artifact Provenance 

 Following the previous established patterns of geochemically distinct catchment areas 

 from Beller (2023) I also decided to examine the catchment areas. Initial investigation using 

 bivariate plots revealed that two source areas could be distinguished geochemically (Figure 5.2): 

 the western and north-eastern. There appears to be some overlap in the middle but there are 

 clearly geochemical differences between these two catchment areas as I expected to find based 

 on previous investigations in the area (Beller, 2023). This was reinforced by examining bivariate 

 plots where we see the western catchment area and the majority of the artifacts clustering on the 

 lower left of the graphs. This indicated that there is enough of a difference for us to proceed with 

 the investigation. 
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 Figure 5.3: Bivariate plots of North-Eastern vs Western Catchment Areas. Shaded Areas Represent 
 Different Catchment Areas 

 Due to the bivarite plots showing strong evidence of geochemical differences between 

 source locations, I proceeded with a hierarchical analysis of all of the artifacts and sources 

 (Figure 5.3). Hierarchical clustering is done by taking a suite of traits, in this case the quantity of 

 Aluminium, Potassium, Sodium, and Magnesium, in all of the objects and grouping them based 

 on similarity. These four elements were selected by drawing from the previous works of Beller 

 (2023), and  Andreeva  et al. (2014), as well as my own assessment of all the available elements in 

 the samples. It should be noted that the Rare Earth Elements were under the limit of detection in 

 these samples and therefore could not be used. 

 40 

https://www.researchgate.net/profile/Polina-Andreeva-7


 I chose to use Ward’s method as it produces minimum variance between joined clusters 

 which should provide the most accurate results. This reinforced the geochemical separation of 

 the Western and North-Eastern sources as we can see based on the large degree of separation. It 

 should be noted that in these graphs (Figure 5.3) the highlighted yellow objects represent 

 individual artifacts while the rest are potential source locations. This was done individually for 

 each of the artifacts; these graphs are just samples. 

 Figure 5.4: Examples of Hierarchical Dendrograms results 

 After the most likely source for each artifact was found, I discovered that over 80% of the 

 artifacts studied were from the western catchment area (Figure 5.4). This follows logically as it is 

 roughly half the distance to C-Spring as the north-eastern one. Interestingly, there were no 

 artifacts from the identified sources outside of these two areas which indicates that the C-Spring 

 hominins may have been acquiring their raw material nearly exclusively from these two areas. 

 While the first results graph shows an extreme variable distribution; all of the 35Q sources which 

 are shown in blue to white are acquired from the same area. They represent different layers of 

 stratigraphy but in anthropogenic terms are effectively from the same source as they can be 

 traced to within 50m of each other and for my purposes this was more than sufficient for 

 gleaning insights into provisioning and mobility patterns. 
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 Figure 5.5: Pie Charts Detailing Raw Material Source (left) and Catchment Area (right) of C-Spring 

 Artifacts 

 6. Discussion 

 6.1 Procurement 

 At C-Spring the vast majority of artifacts appear to be coming from the western 

 catchment area. This indicates that the hominins were moving up to 7.8 km from the catchment 

 areas to C-Spring (Figure 6.1). Following the guidelines of Kandel et al., (2016) this indicates 

 that these hominins were acquiring the majority of their artifacts from nearby regional sources 

 (5-20km). However, a small portion of the artifacts were also found to be consistent with sources 

 18.7 km away from C-Spring which falls on the higher end of Kandel’s regional source 

 spectrum. This indicates that these hominins remained decently mobile throughout their 

 landscape. Traveling out into the areas surrounding the marshes in the search for lithic material 

 sources and other resources. However, the lack of any artifacts from supra-regional distances 
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 (21-100km) (Kandel et al., 2016) indicates these hominins were not likely to be traveling far 

 beyond the GAOA, remaining within a day's travel to C-Spring when acquiring raw materials for 

 lithic tools. It is important to note that as C-Spring does not represent a ‘home’ site, we can only 

 indicate unidirectional movement. We know the hominins were traveling these distances from 

 the catchment areas to C-Spring but we do not know where the groups were originating from or 

 where they were going after leaving the marsh. 

 Figure 6.1: Map of C-Spring and Surrounding Raw Material Source Locations 

 6.2 Provisioning 

 At C-Spring, what we see is indicative of Provisioning of Individuals. As Khun (1992, 

 1995, 2020) demonstrates, sites where hominins are actively looking to outfit themselves have 

 several defining features, the first of which is an abundance of debitage in the archaeological 
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 assemblage. Due to hominins transferring raw materials to the site in question and creating the 

 tools there with the intention of immediate use, one of the major components should be waste 

 material from tool creation. This is what we see at C-Spring, with the R-level collection 

 containing 2963 individual lithic artifacts and roughly 90% of this total assemblage ,(2000 

 unretouched flakes, 700 chunks, scraps, or other waste) (Copeland, 1991), being classified as 

 debitage or unutilized flakes. Another defining feature is a large quantity of failed or otherwise 

 exhausted cores. Again, the C-Spring assemblage matches this assumption as over 60 discarded 

 cores were recorded (Copeland, 1991). 

 This suggests that the hominins in the region were using C-Spring as a staging ground. 

 They were traveling from these catchment areas further out in the landscape, to C-Spring with 

 raw materials, before settling down. They would then create the tools they would need for their 

 anticipated tasks, as indicated by the assemblage, this was most commonly some form of 

 handaxe or cleaver as they represent more than 40% of the total number of retouched ‘tools’ 

 found at C-Spring (Copeland, 1991). After tool creation, these hominins were most likely 

 traveling into the marshes for high value hunting and water collection opportunities before 

 retreating back into the wider landscape. Importantly, it appears the hominins were not returning 

 to C-Spring for butchery or other tasks as indicated by the almost total lack of faunal remains 

 and relative scarcity of other processing tools. This has led to C-Spring as being interpreted 

 exclusively as a staging ground/knapping locale (Copeland, 1991  ). 

 C-Spring  is contrasted with and complemented by the  nearby site of SM1. Here, the 

 large quantity of finished bifaces and ready to knap cores provides evidence that at this site the 
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 hominins were provisioning the location itself (Beller, 2020). The hominins likely used this site 

 as a base for a large variety of interchangeable tasks, such as butchery, plant processing, and tool 

 creation. However, at both C-Spring and SM1 there has been no evidence of residence, (hearths 

 or sleeping locations), discovered leaving the question of where these hominins were living a 

 lingering question. 

 6.3 Mobility 

 With the procurement and provisioning strategies of this site being considered it seems 

 that the hominins of C-Spring likely practiced tethered mobility as described in Taylor (1964). 

 What we see at this site is that hominins are traveling to C-Spring from raw material sources 

 under 10km away with the occasional foray from approximately 20 km away. There is no 

 evidence at C-Spring of travel any further than 20km which indicates these hominins were likely 

 tethered to the Shishan and Druze marshes (Kelly, 2013; Taylor, 1964). Their usable territory and 

 foraging directly controlled and constrained by necessitated trips to either of these locations for 

 water. However, this indicates that even during extremely arid environment periods hominins 

 remained mobile throughout their landscape as these trips would take them several hours away 

 from the nearest water source. This total lack of artifacts from supra-regional (21-100km) 

 (Kandel et al., 2016) distances indicates these hominins may have been confined to the landscape 

 around  the GAOA. The hominins were unable to reliably travel outside of this small pocket of 

 the Azraq Basin as water sources were either non-existant or too unreliable to allow for these 

 larger journeys. It is in this way that we see the GAOA act as a place of refugium (Cordova et al., 

 2013). By concentrating extremely valuable resources around a small area, in this case the 

 marshes, small pockets of hominins and other animal life were able to subsist in a region that 

 was otherwise unlivable. 
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 7. Conclusion 

 7.1 Utility of Copeland’s Lithic Series for Determining Artifact Provenance 

 One of the questions this study investigated was whether Copeland’s lithic series, 

 essentially an IAA, would be useful for provenance. Through this study I have demonstrated that 

 for the purposes of determining artifact provenance the lithic series established in Copeland & 

 Hours, (1989c) is not useful. This was investigated through bivariate analysis of the entire suite 

 of elements detected using LA-ICP-MS and comparing them to the lithic series designation of 

 the artifacts. Through this I was able to demonstrate that no elements were suitably diagnostic of 

 the particular “colors”. Due to the lack of correlation between lithic series and elemental 

 concentration, Copeland’s lithic series is not suitable for geochemical determination of 

 provenance. 

 7.2 Survival Around a Desert Oasis 

 This research is currently important for a number of reasons. The first of which being the 

 unique circumstance within the Azraq Basin that has exposed C-Spring and other nearby sites. 

 These sites have been made accessible due to overexploitation of local aquifers (  Cordova et al., 

 2013), this has led to a rapid drop in the water table exposing these deep stratified sediments. 

 However, it is unknown for how long these conditions will persist as sites such as C-Spring-BH 

 have already been reclaimed by the marshland  (Copeland, 1991)  . As such research should be 

 done with haste. This area holds much potential to address  intrinsically important questions 

 about human evolution and in particular to help illuminate possible behavioral changes hominins 

 underwent to survive in desert environments, in a vital time in their development. While this is 
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 one site of many in this area the unique nature of this site as one where the provisioning of 

 individuals occurred and it’s use exclusively as a knapping locale illuminates the vital question 

 of how hominins structure their labour and residences in relation to key resources in their 

 environments in distinctive ways. 

 Through this project we were able to get an incredible view into how the hominins of 

 C-Spring likely utilized the site and their environment. Due to the relatively short average 

 distance (7.8 km) these hominins were traveling to acquire their raw lithic raw materials it 

 appears that this behavior was embedded in other activities. However, as C-Spring does not 

 represent a residential site we cannot offer other robust conclusions about habitual residence. 

 What we were able to find very concretely is that C-Spring is a site where individuals were 

 provisioning themselves. This was determined by examining the lithic remains found at the site. 

 The extremely high amount of debitage, (~90% of total), found at this site along with the large 

 number of failed or exhausted cores indicates the hominins were transporting materials to 

 C-Spring with the intention of making tools at the site for immediate use. Moreover, the lack of 

 faunal remains and ‘home’ indicators indicates that after tool creation the hominins were leaving 

 C-Spring to perform whatever anticipated task they had created the tools for, but not returning to 

 C-Spring after. This indicates C-Spring was strictly a knapping locale, reinforcing the 

 interpretation of (Copeland, 1991). The lack of any exotic or supra-regional raw materials at this 

 site indicates that while hominins were traveling into the landscape, they remained tethered to 

 the marshes following the tethered mobility pattern as outlined in Taylor (1964). However, raw 

 materials from close to 20 km away have been found indicating that while the hominins were 

 tethered to the marshes they did not stop moving, instead they remained highly mobile in their 
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 landscape despite the arid conditions. Taking this all together one gets an image of hominins 

 moving in a push and pull motion centered around the marshes. Traveling to C-Spring from these 

 catchment areas further out in the landscape, creating tools at the site, moving into the marshes 

 for high value hunting or other resource extraction opportunities, before retreating back out into 

 the wider landscape but not to C-Spring. 

 7.3 Directions for Future Research 

 In this study we have discovered that the vast majority (87%) of the C-Spring lithic 

 assemblage available for this research originates from the western catchment area with a small 

 portion originating from the north-eastern catchment (13%). This indicates these hominins may 

 have been exclusively using these two areas as quarry locations for their raw material needs. This 

 is reinforced by the lack of any artifacts from other primary source locations outside of these two 

 areas as well as the absence of raw material from any secondary sources. However, given the 

 relatively small size of the available assemblage additional work at this site incorporating more 

 of the C-Spring assemblage could be extremely valuable. 

 Over the course of this research several other extremely interesting directions for future 

 research became apparent. The first is the work needed for determining the actual cause of the 

 color change Copeland describes. Through this research it was determined that the lithic color 

 series did not have the correct geochemical origin to be used in provenance research but that 

 actual origin of the color change was never discovered. Further research on the lithic series using 

 petrography or other geochemical tools may be able to discover the reason for these colors. 

 Another direction is to address the apparent lack of ‘home’ sites in the region. There are 

 numerous possible explanations for why no home sites have yet been discovered. It could be that 
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 these hominins remained so mobile throughout their landscape that permanent residential camps 

 were never established thus leaving no evidence for us to find. Or possibly there are residential 

 locations we simply have not found yet; either way the lack of residential sites in and around the 

 GAOA remains a lingering issue. 

 Lastly, as with any provenance analysis, the more research into as of yet unknown source 

 locations only compounds the power of future research as geochemical links become more and 

 more robust. Further provenance studies of other archaeological sites in the region, or even 

 another one on C-Spring that integrates more of the total assemblage has the potential to reveal 

 extremely interesting patterns and relationships. 
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 8. Appendices 

 Appendix 1: Images of the C-Spring collection used in this study. Photographed by 
 Andrew Bell and courtesy of Dr. Andrew Garrard. Used with permission. 
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 Appendix 2: Photographs of newly sampled sources Photographed by Dr. Jeremy A. 
 Beller. Used with permission. 

 Photograph of Wadi Usaykhim X (WUX) exposure, northeastern area. 
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 Photography of chert beds of Wadi Usaykhim X (WUX). 
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 Photograph of lower chert beds at 35Q (quarry next to highway 35, western area), designated as 
 35Q-4, 35Q-5, and 35Q-6 in descending order from the top. Note the tabular nature of the clasts. 
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 Appendix 3: Geochemical data of sources (ppm), reproduced in part from Beller 
 (2023). Asterisks indicate newly run sources. 

 Sample ID  Li  B  Na  Mg  Al  Si  K  Ca  Sc  Ti  V 

 35Q-1a  7.52  61.49  376.09  22.38  470.14  464330.08  224.49  1695.56  5.38  60.62  9.12 

 35Q-1b  6.52  61.29  425.57  34.15  467.49  460677.83  225.88  4971.36  5.84  41.16  11.39 

 35Q-1c  6.57  59.02  384.86  25.50  488.47  463549.08  230.24  2293.81  5.53  49.92  11.12 

 35Q-1d  6.41  60.75  404.96  27.14  488.21  462645.63  232.24  3207.41  5.89  53.07  9.04 

 35Q-1e  5.04  59.65  370.34  23.52  449.71  464075.95  252.49  1956.35  5.88  46.27  10.88 

 35Q-2a  10.02  40.95  599.44  32.45  606.70  459400.87  347.14  5463.31  5.18  35.57  12.10 

 35Q-2b  6.59  40.64  535.87  42.14  610.37  460210.10  325.10  4912.40  5.23  54.43  17.08 

 35Q-2c  9.91  42.09  509.44  32.80  596.46  461637.28  310.12  3005.61  5.03  65.86  74.98 

 35Q-2d  7.94  47.04  424.49  17.02  378.99  464005.14  221.65  1997.78  5.76  35.02  8.74 

 35Q-2e  8.18  42.25  487.60  34.68  485.64  459278.53  262.21  4405.81  5.32  39.87  146.52 

 35Q-3a  10.69  66.76  317.00  15.03  351.22  465028.08  181.26  1057.97  5.40  31.19  16.03 

 35Q-3b  9.93  71.56  357.43  26.28  416.10  462985.31  209.02  2763.13  5.54  40.12  12.92 

 35Q-3c  9.21  71.71  314.53  17.28  362.23  464598.82  183.85  1515.81  5.22  32.28  10.95 

 35Q-3d  7.68  71.25  302.24  18.93  357.44  464429.40  185.38  1557.21  5.03  33.64  15.55 

 35Q-3e  5.76  66.33  441.73  18.72  376.70  463650.69  195.53  1786.42  5.72  40.30  38.78 

 35Q-5a*  11.67  28.00  474.96  74.46  591.16  460688.01  271.58  4378.35  0.27  68.01  29.62 

 35Q-5b*  10.33  37.02  412.06  34.22  599.71  462318.25  236.82  2786.27  0.35  55.85  55.58 

 35Q-5c*  13.64  38.57  451.19  32.72  585.52  460887.89  244.21  3877.04  0.47  59.98  52.63 

 35Q-4a*  6.28  58.90  388.91  35.82  563.14  461623.82  264.20  3847.60  0.44  53.98  11.73 

 35Q-4b*  4.74  61.03  488.54  56.68  486.56  453745.30  246.94  10687.86  0.63  43.54  13.50 

 35Q-4c*  5.22  45.11  398.44  33.87  581.01  460703.78  278.22  4507.78  0.58  75.70  11.89 
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 35Q-6a*  4.35  40.26  334.33  41.74  553.40  461319.07  255.11  3886.60  0.45  48.58  43.40 

 35Q-6b*  6.35  36.65  377.70  53.82  576.55  460835.97  254.31  4275.22  0.45  48.72  35.97 

 35Q-6c*  4.26  40.47  330.39  38.44  511.16  462794.80  214.63  2730.57  0.37  44.24  27.09 

 WR-1a  13.99  36.06  532.97  95.77  919.24  460993.43  426.52  5687.62  12.65  45.40  29.34 

 WR-1b  13.82  39.02  479.24  119.93  996.16  455180.27  433.88  12664.60  11.51  85.88  29.26 

 WR-1c  15.27  31.89  703.22  130.01  1108.37  455923.29  510.61  10444.69  10.22  52.03  29.72 

 WR-1d  17.52  31.15  590.25  135.27  1288.87  457356.73  622.19  8794.28  9.86  73.50  25.95 

 WR-1e  12.94  33.68  495.26  98.53  918.92  461355.25  469.51  5089.47  9.73  45.45  23.84 

 WR-1f  10.40  34.11  363.86  56.42  633.23  464054.02  299.08  2480.45  9.16  24.25  38.77 

 WR-1g  15.91  32.20  586.06  131.52  1171.24  458613.86  581.21  7206.17  9.38  68.77  37.08 

 WR-2a  10.00  55.14  379.38  98.12  538.47  463941.77  230.21  1937.98  4.94  29.46  28.13 

 WR-2b  11.21  65.74  407.34  121.51  673.61  464164.89  276.39  1193.98  5.07  42.11  41.96 

 WR-2c  10.59  63.12  483.06  102.11  687.17  463466.95  334.77  2234.03  5.37  51.01  8.71 

 WR-3a  0.94  82.52  1064.31  90.74  242.53  460537.34  166.04  4106.01  4.82  17.90  29.87 

 WR-3b  0.87  83.99  1033.77  120.57  230.84  461007.55  150.45  3492.02  5.29  29.48  90.61 

 WR-3c  0.78  72.69  700.97  111.45  221.31  459130.71  151.08  5922.30  5.00  18.61  49.17 

 WR-4a  5.64  49.40  150.11  25.60  287.27  465671.34  167.28  1034.87  2.96  14.38  7.67 

 WR-4b  6.09  47.79  160.85  26.36  251.94  465859.69  124.01  795.84  3.19  21.63  18.14 

 WR-4c  6.56  41.09  197.66  35.17  291.07  462904.77  139.57  2719.68  3.14  35.20  100.27 

 WR-4d  6.26  37.88  202.94  33.48  276.36  463774.07  138.06  2701.63  3.09  13.45  12.39 

 WR-4e  7.41  42.08  161.09  25.29  250.74  466032.55  119.97  759.10  3.22  17.32  6.52 

 WR-5a  1.41  53.08  220.59  67.29  187.85  464198.73  123.33  1975.21  5.17  11.88  26.47 

 WR-5b  1.85  55.08  252.06  76.38  238.19  462718.50  145.24  3927.55  5.07  15.53  16.79 

 WR-5c  1.03  57.28  344.09  70.75  199.53  458441.13  131.60  7005.77  5.07  18.51  19.97 
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 WU-1a  17.78  32.02  606.99  53.40  1128.33  461040.66  596.77  1170.95  5.99  106.95  161.68 

 WU-1b  20.11  30.27  625.00  45.24  1093.72  461050.66  577.47  1897.12  6.93  86.19  55.67 

 WU-1c  27.59  33.36  647.86  47.32  1153.67  461354.45  648.82  1145.12  6.62  81.78  37.92 

 WU-1d  27.02  34.75  722.37  53.99  1250.19  461115.13  670.40  2861.69  6.92  73.45  20.26 

 WU-1e  19.54  106.10  558.63  126.69  2479.16  453604.99  648.17  8005.97  5.65  102.97  39.36 

 WU-2a  19.94  14.52  522.02  79.28  1678.13  459445.54  1007.01  3796.11  7.43  70.31  71.01 

 WU-2b  22.62  20.12  426.87  66.39  1462.97  461270.84  823.53  2481.27  6.80  79.69  78.43 

 WU-2c  19.61  17.78  439.61  80.05  1532.09  458936.30  846.44  4557.51  6.64  175.78  44.76 

 WU-2d  15.37  17.15  441.97  70.06  1527.47  460707.42  827.03  3435.74  6.60  62.95  36.48 

 WU-2e  18.17  18.46  512.87  112.33  1912.70  457335.28  1064.86  6067.37  6.96  70.45  31.98 

 WU-3a  25.25  28.04  571.21  53.05  1184.61  460094.21  578.69  1383.54  5.61  127.75  48.62 

 WU-3b  19.08  32.69  538.95  42.46  1013.58  462406.08  497.89  998.41  5.55  114.44  45.28 

 WU-3c  20.26  36.51  556.61  39.96  1052.20  462687.24  513.06  923.61  6.11  59.43  46.95 

 WU-3d  19.06  34.44  605.58  45.85  1060.59  461163.53  562.41  1494.49  5.98  65.36  68.15 

 WU-3e  18.16  29.85  627.33  48.83  1167.81  463140.01  596.80  1159.25  5.83  114.98  48.70 

 WU-4a  23.11  39.76  662.12  58.12  680.65  453713.87  406.23  8741.00  2.93  49.79  109.23 

 WU-4b  21.68  37.75  533.55  34.34  656.33  461610.97  363.39  3672.68  2.88  41.44  63.78 

 WU-4c  19.99  37.75  564.19  46.38  713.28  458209.09  390.63  6278.13  3.12  47.37  90.62 

 WU-4d  18.95  38.25  584.03  40.36  688.71  459071.69  403.74  5369.87  3.08  31.25  116.49 

 WU-4e  21.25  37.86  558.32  36.18  704.37  460321.30  374.16  3850.06  2.86  44.23  47.06 

 WUX-1a  5.84  29.20  389.27  94.59  744.60  462739.53  330.24  2611.82  0.39  62.88  91.40 

 WUX-1a  4.03  36.84  321.04  89.45  627.73  463505.60  266.19  2294.98  0.28  39.07  82.50 

 WUX-1a  3.08  44.84  238.21  67.25  453.21  464657.66  207.03  1399.91  0.37  32.67  85.37 
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 WUX-3a  9.98  39.91  1036.08  283.57  1185.62  463080.11  619.19  1684.10  0.53  89.59  78.60 

 WUX-3b  8.39  47.00  1117.93  323.41  1292.59  462791.67  744.60  1747.21  0.52  111.22  81.89 

 WUX-3c  8.40  37.83  1108.98  288.02  1045.24  462147.59  585.31  2332.89  0.55  79.66  113.44 

 WUX-5a  9.64  31.30  1180.45  280.69  674.58  449830.50  514.27  19761.17  0.53  49.76  71.71 

 WUX-5b  12.62  28.37  1057.58  249.95  719.30  454840.67  551.13  14603.94  0.44  58.95  67.14 

 WUX-5c  8.30  39.96  1229.87  257.17  699.29  450519.91  513.70  18652.81  0.57  51.71  61.75 

 WUX-10a  13.41  30.33  2669.50  439.78  1442.61  433934.25  736.26  26102.72  1.22  83.38  72.56 

 WUX-10b  21.80  24.11  2238.05  397.40  1536.52  458567.40  692.07  3978.78  0.64  83.06  119.59 

 WUX-10c  19.61  38.95  1558.59  278.46  1005.79  462566.96  412.47  1824.21  0.35  49.19  44.57 

 WG1a  18.02  19.74  583.94  199.51  664.27  463051.15  351.94  640.29  3.87  54.17  84.54 

 WG1b  16.58  19.76  411.39  278.61  599.15  462756.05  391.38  1355.99  3.87  48.39  38.49 

 WG1c  13.31  19.01  494.83  226.34  627.15  463209.60  324.49  963.99  3.71  78.38  77.83 

 WG1d  18.22  19.68  611.82  296.91  722.47  464187.98  376.11  949.60  3.64  46.00  39.40 

 WG1e  19.06  20.34  493.69  165.25  643.63  465290.94  358.28  536.66  3.81  38.22  22.96 

 WG1f  19.65  19.38  580.66  284.61  779.44  463713.92  455.21  562.53  3.58  35.99  20.62 

 WG3a  15.38  18.13  379.82  137.13  735.03  463808.33  329.74  1921.80  5.55  75.45  6.02 

 WG3b  15.59  17.97  428.53  198.40  945.17  462814.78  449.81  1863.30  6.14  61.43  20.33 

 WG3c  15.22  18.58  444.66  148.59  702.34  460068.59  333.64  5070.31  6.16  45.20  17.61 

 WG3d  15.83  19.24  388.00  137.96  671.79  463439.49  341.43  2146.82  6.05  50.41  6.28 

 WG3e  15.48  22.44  397.34  183.50  784.02  461922.77  313.34  2867.82  5.45  88.65  32.22 

 WMH-1a  5.04  12.11  126.99  35.68  381.68  466233.82  286.91  488.02  3.45  24.84  5.29 

 WMH-1b  5.32  11.22  135.75  44.98  391.48  465778.85  286.77  783.95  3.55  23.15  9.03 

 WMH-1c  4.73  11.29  127.57  32.33  431.84  466058.78  301.90  607.86  3.61  34.13  7.19 
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 WMH-3a  5.75  12.41  130.06  47.57  465.81  465089.16  284.26  747.20  3.67  32.75  33.15 

 WMH-3b  5.07  11.37  125.40  32.83  427.90  465920.88  265.21  614.05  3.58  25.57  9.71 

 WMH-3c  4.21  11.95  142.39  35.94  453.94  465167.32  271.54  1150.85  3.72  28.07  13.61 
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 Appendix 4: Geochemical Data of Artifacts (ppm) 

 Copeland 
 Series 

 Sample 
 ID 

 Li  B  Na  Mg  Al  Si  K  Ca  Sc  Ti  V 

 Olive  103a  9.89  44.47  277.42  13.75  394.47  464561.73  183.58  1406.48  0.42  25.86  18.84 

 Olive  103b  7.00  41.94  259.11  13.54  359.04  464881.92  170.16  1289.29  0.37  40.37  20.60 

 Olive  103c  9.76  45.44  139.53  7.51  243.67  466695.90  85.58  25.81  0.24  6.57  1.08 

 Olive  103d  6.39  47.92  292.54  14.63  379.77  464210.34  176.16  1624.70  0.37  70.37  16.45 

 Olive  34a  4.20  60.26  349.44  29.25  452.04  459677.62  189.52  5441.37  0.53  38.41  110.96 

 Olive  34b  3.55  49.38  331.30  26.02  463.86  463679.53  188.75  2219.25  0.28  37.13  34.84 

 Olive  34c  6.70  43.76  341.93  22.94  461.93  462258.77  208.09  2613.01  0.28  42.74  121.99 

 Brown  55a  15.18  28.89  486.74  56.09  796.39  459752.87  342.62  4504.36  0.57  65.41  49.80 

 Brown  55b  11.41  38.31  472.46  54.44  774.98  459893.07  318.28  5392.72  0.54  54.62  25.79 

 Brown  55c  12.59  35.89  491.25  58.85  844.73  457728.51  337.42  6247.34  0.52  61.10  20.06 

 Pale gray  56a  7.79  35.07  282.95  22.19  304.33  460089.32  154.88  5571.70  0.59  18.23  15.93 

 Pale gray  56b  7.34  30.47  232.43  13.89  294.59  464559.22  151.20  1635.81  0.41  28.49  12.47 

 Pale gray  56c  9.33  35.44  255.76  16.68  324.76  465209.77  166.85  1149.98  0.39  39.25  35.73 

 Brown  59a  3.59  33.60  265.74  27.57  303.37  462158.50  183.76  3862.85  0.39  55.40  24.90 

 Brown  59b  4.91  38.23  268.74  26.23  273.53  461242.08  140.54  4905.72  0.52  30.34  29.05 

 Brown  59c  3.93  32.76  261.40  26.95  306.75  462951.19  159.08  3225.67  0.36  25.93  36.49 

 Brown  59d  2.81  47.31  266.08  13.17  304.01  463154.09  157.33  2968.39  0.47  25.02  23.68 

 Brown  59e  4.79  45.72  245.58  67.27  340.89  463230.54  190.46  2722.55  0.51  33.44  24.65 

 Olive  61a  6.39  39.36  355.56  34.47  551.20  461540.35  226.31  3578.81  0.37  53.92  65.45 
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 Olive  61b  10.13  43.80  376.00  35.10  489.54  459880.70  219.16  4652.75  0.48  52.28  70.43 

 Olive  61c  4.24  37.98  361.99  32.48  515.92  462051.57  218.25  2682.12  0.33  63.05  84.44 

 Dark gray  62a  19.02  35.66  245.07  36.35  437.19  461474.56  197.08  4280.40  0.76  41.22  19.27 

 Dark gray  62b  16.41  34.60  240.30  25.28  366.89  462977.42  182.40  2847.74  0.59  42.39  16.04 

 Dark gray  62c  22.76  34.48  234.43  28.82  382.32  462489.39  210.00  3116.51  0.56  42.48  28.20 

 Dark gray  62d  15.66  40.67  245.60  29.44  383.15  461399.61  188.12  3751.44  0.56  36.53  34.96 

 Dark gray  62e  10.86  41.28  275.00  14.87  391.00  464976.55  182.19  1047.86  0.45  35.76  15.80 

 Brown  BSF-1a  8.70  36.71  309.34  21.45  426.41  463343.74  180.03  2708.16  0.33  32.08  19.71 

 Brown  BSF-1b  7.68  37.92  331.17  26.15  452.30  463241.80  197.49  2049.47  0.29  72.24  65.67 

 Brown  BSF-1c  8.26  31.42  366.60  31.01  442.52  460155.32  187.88  4733.73  0.22  42.02  18.56 

 Brown  BSKa  5.46  50.73  408.35  24.90  523.46  461988.39  253.53  3559.93  0.35  53.39  34.58 

 Brown  BSKb  3.82  51.69  424.42  31.67  557.00  461290.26  289.33  3804.82  0.50  59.46  54.00 

 Brown  BSKc  6.66  43.13  424.50  29.18  535.71  460843.87  274.41  4030.79  0.34  81.16  61.80 

 Dark gray  C101a  6.41  44.75  361.86  24.70  509.09  462427.20  219.69  2653.91  0.27  39.12  78.33 

 Dark gray  C101b  5.53  51.21  352.31  22.00  541.10  462901.88  217.11  2281.92  0.40  24.32  88.89 

 Dark gray  C101c  4.44  53.25  366.14  21.46  518.68  451956.67  230.44  8628.57  0.52  39.06  108.81 

 Dark gray  C104a  4.61  32.18  361.44  38.77  602.37  460125.11  257.36  4525.97  0.46  64.84  27.39 

 Dark gray  C104b  6.61  51.49  395.64  41.67  544.22  458609.24  250.18  5590.94  0.63  51.25  32.99 

 Dark gray  C104c  10.67  36.52  361.04  39.04  521.30  460217.21  235.21  4804.81  0.42  45.98  20.43 

 Dark gray  DGS-1a  13.00  55.30  389.66  29.82  718.88  463249.55  350.29  2012.18  ud  54.57  13.46 

 Dark gray  DGS-1b  12.09  50.31  423.42  26.68  576.77  464045.66  287.74  1553.51  0.27  56.17  19.43 

 Dark gray  DGS-1c  16.64  48.80  428.50  17.71  605.67  464068.60  304.77  1524.48  0.36  38.94  18.93 
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 Dark gray  DGS-2a  15.82  48.66  410.32  23.16  614.87  463162.73  256.64  2056.18  0.30  45.40  30.84 

 Dark gray  DGS-2b  13.18  41.95  443.98  27.73  607.85  460314.59  272.14  4684.10  0.39  44.82  24.72 

 Dark gray  DGS-2c  11.49  38.94  412.92  27.08  580.02  463316.35  267.57  2217.06  0.30  44.60  23.29 

 Olive  OS1a  6.65  30.06  491.09  42.78  636.57  459419.76  281.56  4722.01  0.39  39.10  39.55 

 Olive  OS1b  10.14  32.87  441.08  32.29  586.24  459839.51  258.30  3760.46  0.33  55.59  58.57 

 Olive  OS1c  7.63  48.76  464.66  37.57  666.24  461287.28  291.19  3566.42  0.35  49.81  40.47 

 Olive  OS2a  9.70  29.87  505.74  50.55  794.73  457823.83  380.60  5519.56  0.43  59.42  87.99 

 Olive  OS2b  14.14  38.51  474.78  50.96  806.62  460243.68  360.29  4482.84  0.37  63.10  65.31 

 Olive  OS2c  18.68  33.77  474.58  57.69  702.51  459918.97  345.55  4437.87  0.22  97.96  54.47 
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 Appendix 5: Hierarchical Cluster Dendrograms of Artifacts With Artifacts 
 Highlighted in Yellow 
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