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ABSTRACT

Ancient Pueblo Spinning Traditions 

in the northern Southwest

LINDA STEPHEN NEFF


The ancient economy of Pueblo spinning in the northern Southwest remains poorly understood.  This research examined yarn production, focusing on the well-represented period including the Pueblo II (A.D. 1000 to 1150) to Pueblo III (A.D. 1150 to 1250).  The transition period marked a significant socio-political reorganization.  Non-perishable cotton textiles and tools, plant remains and spindle whorl frequencies suggest a dramatic increase in cotton production after A.D. 1000.  Poor archaeological preservation, finger twined products and settlement patterns may account for spindle whorl deficiency on earlier Basketmaker and Pueblo I period sites.  However, the appearance and increase in efficient spindle whorls and other textile-related tools suggested a degree of yarn production specialization.  


Based on a statistical analysis of spindle whorl outer and inner diameters, thickness and weight, I examined spindle whorl spatial, temporal and functional variation using the Museum of Northern Arizona's collections.  I identified two specialized production groups -- a "number of producers sharing a technology, raw materials, or workshop" (Costin 1991:33).  A production group has no size limitations and represents culturally determined choices made by the ancient spinners.  Ethnographic descriptions, archaeological spindle whorl and shaft specimens, and spindle whorl dimensions, suggested that post A.D. 1000, the Winslow, Kayenta, and Eastern Anasazi, Cohonina, and Wupatki inhabitants (Group 1) all used the horizontal thigh, supported spinning technique whereas the Sinagua (Group 2) were the sole practitioners of a vertical base, supported technique.  


For each production group, the social processes leading up to the cultural distinctions follow two separate trajectories.  The northern cultures (Group 1) chose not to adopt the modeled whorl technique opting for their horizontal thigh, supported technique that dated back to the Basketmaker III period.  The Sinagua (Group 2) shared the vertical base, supported spinning tradition with Native Americans living in southern Arizona.                


Comparatively little research examines yarn production through analyses of spindle whorls.  In addressing the above problems, I explore a relatively unknown economic production system -- cotton yarn production.   Understanding the organization of cotton yarn production adds much depth to our interpretation of the ancient Pueblo Indians on the Colorado Plateau.
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CHAPTER 1

INTRODUCTION


Weavers and spinners conjure up images of the provider, supplying fabrics serving a variety of purposes for everyday life.  In a society, the role of textiles ranges from the utilitarian to the sacred.  Fabric composition plays a significant role in determining the use and meaning of the cloth.  Often, hard to acquire materials carry more symbolic meaning compared to easily accessible ones.  Unfortunately, in the American Southwest these perishable materials rarely make it into the archaeological record.  Only under pristine preservation conditions does textile preservation occur.  More often the weavers' tools such as spindle whorls, loom parts, loom holes, battens and needles, have a higher chance of survival than the perishable raw materials and final products (Figure 1).


My research describes the poorly understood spinning technology on the Colorado Plateau (Figure 2), focusing on a period that includes the Pueblo II (A.D. 1000 - 1150) to Pueblo III (A.D. 1150 - 1300).  This period represents a transition marking significant socio-political reorganization, resulting in an increase in socially integrative mechanisms.  Spindle whorl frequencies from sites in the area suggests a dramatic increase in yarn production after A.D. 1000.  Poor archaeological preservation, the manufacture of fiber products by finger twining, and variation in settlement patterns may account for the lack of spindle whorls on earlier Basketmaker and Pueblo I period sites (Kent 1957).  However, the appearance and increase in efficient spindle whorls in conjunction with other textile-related tools suggests a degree of yarn production specialization.


My thesis goals are to (1) describe the temporal and spatial distribution of spindle whorls on the Colorado Plateau in northeastern Arizona; (2) create a functional typology based on spinning technique; (3) describe patterns revealing the presence of specialized yarn production groups; (4) examine processes leading up to the patterns; and (5) attempt to reconstruct the social context in which they occurred.  Comparatively little research specifically examines yarn production through analyses of spindle whorls. 

Figure 1.  Weaving Tools.

Figure 2.  Study Area.  

A majority of work in the northern Southwest deals with lithic, ceramic, and groundstone production as well as architectural construction.  In addressing the above problems, I explore a relatively unknown economic production system -- cotton yarn production.   Understanding the organization of cotton yarn production adds much depth to our interpretation of the ancient Pueblo Indians on the Plateau.

Spindle Whorls and Spinning Technique


Spinning yarn using a spindle whorl entails differences in technique (Figure 3).  Supported techniques involve resting a spindle shaft horizontally on the thigh (horizontal, thigh supported), or vertically in a small cup or bowl (vertical base, supported), between the feet or toes (vertical, foot supported), or on the ground in front of a seated spinner (vertical, ground supported).  Spindle whorls, whether made from wood, clay, stone, gourd or bone, vary in position on the shaft depending on the shaft's position and the whorl density.  Initially, the spinner twists raw fibers around the spindle shaft tip.  The spindle shaft base rests on any of the above relatively stable surfaces.  While the right hand turns the shaft, the left hand draws out fibers in a twisting motion to form a thread.  The spinner wraps the thread around the spindle shaft above the spindle whorl (Kent 1957; Teague 1996).  In maintaining a continuous motion, the right hand controls momentum and the left hand constantly pulls out fibers.  


Differences in spinning technique determine size and/or type of the spindle whorl.  Ethnographic descriptions demonstrate that a modeled whorl is used for the vertical base, supported technique whereas a disk whorl is used for the horizontal thigh, supported technique.  Modeled whorls are smaller and thicker compared to the disk whorls and are often made of ceramic or wood.  Disk whorls, on the other hand, are often made from wood, stone, ceramic, gourd, and horn. 


Often technological traditions pass from generation to generation through culturally determined knowledge.  In the northern Southwest, the persistence of ceramic styles, lithic technologies, and architectural canons in the archaeological record are presumably accepted cultural traditions.  The persistent patterns represent apprentice choices.   More often than not, those technological and stylistic choices are provided through mentors, family, friends or neighbors.  Thus, the choice of a horizontal, thigh, or a vertical base supported technique reflects the spinner's cultural tradition.

Figure 3.  Photos of Different Supported Spinning Techniques.

Both techniques produce yarn, however, the vertical base supported technique provides more twist at a quicker rate.

Spindle Whorl Analysis


Through an analysis of spindle whorls from the Museum of Northern Arizona (MNA), I identify specialized yarn production groups (Costin 1991) present on the Colorado Plateau in northeastern Arizona.  A production group is a "number of producers sharing a technology, raw materials, or workshop" (Costin 1991:33).  A production group represents culturally determined choices made by the ancient puebloan spinners of northeastern Arizona.


The MNA spindle whorl sample originates from six archaeological defined cultures within northeastern Arizona including the Winslow, Kayenta, and Eastern Anasazi, Cohonina, Sinagua, and sites near Wupatki (Figure 4).  The Southwest culture historians defined the cultures using ceramics, architecture, burial practices, and cranial deformation.  I recognize the chronological and spatial utility of such designations, however, boundaries of archaeological units (Willey 1958) become "fuzzy, ever fluctuating, and arbitrary" (McGuire et al. 1994).


I used cultural affiliation designations to serve as arbitrary, analytical dividers.  However, I realize that each archaeologically defined culture may not represent an anthropological equivalent of a culture.  Rather, the spatial unit encompassed by northeastern Arizona represents a set of fluid social relations between cultural groups (McGuire et al. 1994).


Initially, I explore spindle whorl variation at the regional level to provide a temporal, spatial and functional backdrop for further investigation of specialized yarn production groups.  Spinning using a ceramic and stone disk spindle whorl dates back to the Kayenta Anasazi Basketmaker III period.  Spindle whorl frequencies in association with other textile-related tools, and cotton increase dramatically across the study area during the Pueblo II through Pueblo III periods.  The association of tools with cotton suggests society placed an increased demand on the ancient inhabitants for the production of textiles.  The ancient inhabitants met the demand by producing more cotton yarn.

Figure 4.  Ancient Pueblo Cultural Affiliations.


Four primary spindle whorl types representing two spinning techniques dominated the assemblage:  ceramic, stone and wood disk whorls, and modeled whorls.  Ethnographic and archaeological evidence in conjunction with my spindle whorl analysis indicates the disk whorls were primarily used in a horizontal, thigh, supported technique whereas the modeled whorls were used in a vertical base supported spinning technique.


Next, I examined the spindle whorl variation by cultural affiliation in an attempt to identify specialized production groups or groups sharing a similar spinning tradition.  The distribution of spindle whorl types demonstrated the Sinagua were the sole practitioners of the vertical base supported technique.  This spinning tradition originates from the south in southern Arizona, northern Mexico and all the way down to Guatemala.  Conversely, the horizontal, thigh supported technique appears an in situ development for the Kayenta Anasazi.  During the Pueblo II through Pueblo III periods, the thigh supported spinning technique was a shared tradition with the Cohonina, Wupatki, Eastern and Winslow Anasazi.  The shared tradition met a sharp boundary with the Sinagua.  The Cohonina, Wupatki, Eastern, Winslow and Kayenta Anasazi did not adopt the modeled whorl.  Rather, they continued with their 800 year long cultural tradition.  


Through my spindle whorl analysis, I identified two spinning traditions that crosscut archaeological defined cultural affiliations derived primarily from architectural and ceramic data.  My research demonstrated that the archaeologically defined cultural affiliations are not bounded material units.  Rather, the cultural affiliations represent a more fluid interaction of shared technological traditions.  

CHAPTER 2

Spindle whorls:  Archaeological context,

 Fibers, and Spinning


A spindle whorl is one of two items used to spin yarn and thread.  A spindle usually consists of a thin, wooden shaft that passes through a whorl.  A whorl keeps the spindle rotating by storing potential energy as well as collects the spun fibers (Winthrop and Winthrop 1975).  A whorl's weight maintains balance to ensure correct rotation without stretching and breaking fibers.  Based on the mechanics of spinning, whorl and spindle size and weight determine thread size (Parsons 1972; Teague 1996; Winthrop and Winthrop 1975).


Ancient Pueblo people made whorls from a variety of materials, including wood, pottery, slate, horn, or gourd rind (Kent 1983:300).  The presence of spindle whorls on archaeological sites provide clues to ancient textile manufacturing techniques and production.  Inspection of spindle whorls along with other artifacts related to textile production, such as spindle shafts, cordage, netting, thread, needles, warping blocks, loom parts, loom anchor holes, murals, and the final products contribute to a reconstruction of  ancient cotton yarn and textile production.  


The spindle whorl collection represents several sites on the Colorado Plateau and includes 68% circular perforated worked sherds, 9% wood whorls, 21% modeled or beaded whorls, and 2% stone whorls (Figure 5).  




Figure 5.  Spindle Whorl Sample Percentages by Material Type.

The only "true" spindle whorls defined on the Colorado Plateau in northeastern Arizona consist of modeled, beaded weights and wood whorls.  However, at Canyon Creek Ruin, Emil Haury (1934) found confirmation that circular perforated worked sherds were spindle whorls.  Haury found a "weaver's kit," including the spun yarn wrapped around the shaft and resting on a spindle whorl (Haury 1934:Plate LVIII:88).  The spindle whorl was a circular perforated worked sherd.


Haury (1945) pioneered a systematic analysis of spindle whorls at Los Muertos and neighboring ruins.  Haury distinguished "specialized whorls of plastic clay and fired"(Haury 1945:115) and circular perforated sherd disks.  He subdivided primary types based on surface stylistic treatment and its relative thickness.  Subtypes were  spheroidal, ellipsoidal, discoidal, biconical, pulley-shaped, biconvex, turbinated and perforated sherds (Figure 6). 


Haury's (1945) concerns focused on geographical distributions and comparisons between regions.  Haury noted that perforated worked sherds occur all over the world in association with textile production.  Yet, bead whorls were a result of Mexican influence.  Although stylistically distinct, Los Muertos bead whorls shared common elements with typical Aztec and Toltec whorls (Smith and Hirth 1988) as well as whorls from near Veracruz (Haury 1945).  McGregor (1941) at Winona and Ridge Ruin found 15 of what he thought were the only known bead whorls north of the Mogollon Rim.


Parsons' (1972) often cited work was an analysis of spindle whorls from the Teotihuacán Valley Survey in Mexico.  Parsons (1972) distinguished between a variety of spindle whorl attributes such as shape, stylistic components, relative thickness, surface treatment, (i. e., polished, slipped) color, size, temper and decorative technique (i. e., type of stamp, mold-made).  Parsons (1972) also recorded the weight, inner diameter (measures diameter of the spindle shaft), and outer diameter.  


By basing her typology on functional and stylistic attributes Parsons examined issues regarding spindle whorls as indicators of interregional trade, chronology and organization of local production.

Figure 6.  Haury's Typology.

Parsons (1972) distinguished between cotton spindle whorls and maguey (Agave spp.) spindle whorls.  She found a distinct bimodal distribution "with no overlap, and a significant gap" (Parsons 1972:57) between her Type I and II spindle whorls and Type III spindle whorls with regard to weight, inner and outer diameters.   Parsons (1972) found inner diameters closely correlated with the fiber type spun.  Due to extreme bimodality existing in her sample Parsons concluded that smaller, lighter whorls with small inner diameters were cotton spinning implements.  Larger, heavier whorls with greater inner diameters were maguey spindle whorls.


Following Parsons' work, Smith and Hirth (1988) used Parsons' cotton/maguey typological distinctions to explore the development of a cotton industry in Western Morelos, Mexico from the Epiclassic to the Late Postclassic periods.  Initially, Smith and Hirth identified and described the whorls using both ethnohistoric documents and archaeological evidence.  Several ethnohistoric documents illustrate and discuss spindles, whorls and small bowls used for a supported spinning technique (Smith and Hirth 1988).  Similar to Parsons' work Smith and Hirth found whorl stylistic distinctions correlating with the cotton/maguey functional groups.  Smith and Hirth (1988) defined cotton whorls as weighing under 18 grams and maguey whorls as weighing greater than 34 g.  However, the sample did not exhibit a clear and distinct bimodal distribution.  The authors suggested  "intermediate weight (18 - 34 g)" whorls were perhaps maguey spinning whorls (Smith and Hirth 1988:350).  Overlap could pose a problem for the analysis in that intermediate whorl weights may represent either maguey or cotton whorls.  


In addition to Mexican, specialized, modeled whorls, Smith and Hirth (1988) identified several circular perforated disks.  They acknowledged the difficulty associated with assigning spindle whorl function to the latter artifacts.  Ethnographic data (Wiegand 1969) suggested circular, perforated, worked sherds were spinning implements.  Consequently, Smith and Hirth (1988) assumed circular perforated worked sherds functioned as spindle whorls.  However, spindle whorls possibly performed many functions (Smith and Hirth 1988).  In concluding, Smith and Hirth (1988) examined the increased intensity of the local cotton industry in Central Mexico through a study of spindle whorls within the context of changing demographic, sociopolitical and socioeconomic spheres.


Wilcox (1987) followed Parsons' (1972) and Haury's (1945) footsteps for his spindle whorl analysis on the Hohokam site of La Ciudad.  Wilcox (1987) also documented the occurrence of circular perforated worked sherds at La Ciudad.  Wilcox attempted to make the same stylistic and functional distinctions Parsons' (1972) and Smith and Hirth (1988) made between cotton and ixtli (maguey) whorls using the same parameters.  He found a tendency for circular perforated worked sherds to fall within ixtli fiber variable ranges and modeled whorls in the cotton variable ranges.  However, as Wilcox (1987) stated, many if not most of the smaller circular perforated worked sherds fall into an intermediate zone.  Thus, the distinction of fiber type and whorl type was not as clear.  Nonetheless, Wilcox (1987) speculated on possible Hohokam-Salado-Sinagua cotton exchange networks and discussed the evidence or lack of craft specialization in the Hohokam area.


Winthrop and Winthrop (1975) chose to apply statistical techniques to a study of spindle whorls. The study distinguished pre-Conquest cotton from post-Conquest wool yarn production in the Rio Grande Valley of New Mexico.  Based on Kate Peck Kent's (1957) work they presumed prehistoric whorls were cotton whorls.  The ethnohistoric documents suggested wool was the dominant fiber type after its introduction from the Spanish.  Thus, the historic artifacts were wool spindle whorls. 


Winthrop and Winthrop (1975) chose to examine outer and inner diameters as well as the thickness of each whorl.  They addressed the following three questions:  (1) did each characteristic demonstrate a unimodal or bimodal distribution;  (2) did a distinct relationship exist between prehistoric and historic samples, and (3) did any variable sets exhibit a close correlation (Winthrop and Winthrop 1975)? 


Winthrop and Winthrop (1975) found only a significant change in spindle whorl inner diameters.  The change reflected a difference in spindle shaft size through time.  The transition indicated a shift from a more elastic fiber type, including cotton, to a less elastic fiber type, wool.  No significant correlation existed between any three pairs of whorl variables.  Winthrop and Winthrop (1975) found no significant correlation between inner and outer diameter parameters.  Yet, in Parsons' (1972) research she found a high correlation.  Could the high correlation indicate degree of standardization and its implications to socio-economic complexity?  Parsons' (1972) sample was from a state organized society, whereas Winthrop and Winthrop's (1975) sample depicted a complex-tribe or possibly chiefdom society taken over by a loosely expanding state.


Finally, Winthrop and Winthrop (1975) found that a decrease in the coefficient of variability (expressed as a ratio between the standard deviation and mean) occurred between all three variables across time.  The decrease in variability suggested an increase in standardization or whorl uniformity occurred from the prehistoric to historic period.  In accord with the above results, Winthrop and Winthrop (1975) only found a significant association between historic period outer and inner diameters.  An analysis of association tested whether or not a pair of parameters fell within one standard deviation of the parameter's mean.  The results demonstrated that during the historic period spindle whorls had prefabricated outer and inner diameters.  Overall, Winthrop and Winthrop's (1975) study established a basis for spindle whorl statistical analyses in an attempt to reconstruct prehistoric yarn production economies.       


Numerous other descriptive reports (e. g., Oppelt 1984; Herr 1993) examined the problem of functional inference for modified or worked sherds.  Through attribute analysis of variability in worked sherds, the authors distinguished various functional classes from descriptive classes (Waterworth and Blinman 1986).  The studies suggested centrally-perforated worked sherds were spindle whorls.


Herr's (1993) work sought to determine if the weight of circular perforated worked sherds fell within the range of variation for other known prehistoric wood (Tsegi Canyon) and Hohokam modeled whorls.  Her sample originated from excavations on the Arizona side of the Transwestern Mainline Expansion Project.  The pipeline excavations was a nonrandom transect sample that bisected the Wide Ruin Wash area, the Little Colorado River/Hopi Buttes area, the San Francisco Mountain/Sinagua area and the Western Arizona Uplands/Patayan area all from the Colorado Plateau (Herr 1993).  When Herr (1993) compared the control wood whorl sample to the control modeled whorls, the probability value of 0.000 suggested the two whorls performed two different spinning functions.  The wood whorls were possibly responsible for spinning finer yarns and the modeled whorls for heavier yarns (Herr 1993).


The pipeline excavation whorl sample compared to known wood whorls yielded similar results.  However, the excavation sample compared to the Hohokam modeled whorls supported the null hypothesis that the two whorl samples represented the same spinning function based on weights (Herr 1993).  Hence, Herr's (1993) results suggested circular perforated worked sherds possibly served a spinning function similar to the modeled whorls.   


Teague (1996) did an exhaustive study of spindle whorls.  To test the hypothesis that spindle whorl attributes correlated with specific types of fiber, Teague (1996) turned to the ethnographic record.  The ethnographic sample consisted of information regarding spinning technique (e. g., drop spindle, supported spindle) and fiber type.  Teague (1996) compared her archaeological sample, representing many Hohokam sites, to the ethnographic sample.  In doing so, Teague (1996) found whorl attributes closely associated with yarn size or fiber type.  However, fiber type tended to associate with yarn size.


An examination of archaeological thread diameters revealed a great deal of variation existed between yarn sizes and fiber types (Teague 1996).  Teague (1996) found that spindle whorls with less than 3.5 cm outer diameters and weighing less than 25 grams tend to produce finer yarns.  On the other hand, larger spindle whorls associate with heavier spun yarns (Teague 1996).  The latter dimensions pertain solely to a vertical base, supported spinning technique common in ethnographic descriptions of the southern Southwest.  A majority of archaeological modeled whorls and circular perforated worked sherd and stone whorls fell into the fine yarn class (Teague 1996).


Two anomalies existed in Teague's data.  First, a majority of the pre-Classic La Ciudad circular perforated worked sherds had outer diameters measuring less than 2.5 cm and weighed more than 25 grams.  Second, the Paloparado site contained "unusually heavy modeled whorls" (Teague 1996:237).  Teague (1996) credits the anomalies primarily to variations in spinning technique and possibly cultural or temporal differences (1996).    


With the above in mind, Teague (1996) examined variation in whorl properties from a new perspective.  First, she found that whorl types (e. g., modeled, sherd, stone, wood) accounted for much of whorl weight variation.  Inner diameters, reflecting spindle length via thickness, demonstrated a great deal of overlap.  However, several of the larger inner diameters were sherd and stone disk whorls.  The larger holes tend to indicate the use of a longer and thicker spindle shaft.  This suggests the disk whorls were used in a horizontal, thigh supported technique as is documented in Hopi and Zuni ethnographic descriptions.  However, a smaller inner diameter could suggest a faster more efficient thigh spinning technique (Teague 1996).


Teague's (1996) conclusion varies from Parsons' (1972) original ideas that variation of inner diameter related to different fiber types.  Teague did not disagree with Parsons' assertion but pointed out complications involved with the interpretations.  


Next, Teague (1996) examined variation within whorl types across time and space with reference to the ethnographic model of whorl and thread size differences.  Teague found sherd disk whorls dominated the A.D. 500 - 700 habitations, whereas modeled and stone whorls occurred on post-A.D. 1000 occupations.  A majority of sherd disk whorls, modeled whorls and stone whorls either (1) fell within the range of variation for whorls found from sites where cotton was the dominant textile material (sherd disk whorls); or (2) fell within the range of variation of the ethnographic finer yarn weights and outer diameters (modeled and stone whorls). The wood whorls from Tsegi Canyon all fell within the ethnographic range of variation for the fine and medium weight yarn spinning implements.  In addition to examining whorl physical properties, Teague (1996) also addressed issues of Mesoamerican influence and chronology at various southern Southwestern sites via modeled whorl stylistic form.


The above studies stimulate my research on spindle whorls of the Colorado Plateau.  Teague's (1996) detailed study, in particular, provides several alternative perspectives for analyzing whorl variation on the Colorado Plateau.  Using her methods, I explore whorl variation at both the regional and culture units of analysis in an attempt to identify functional differences of whorl types and define production groups based on spinning technique.  The next section briefly reviews the region's culture history to provide a chronological backdrop of the study area.

Culture History


Previous research on the Colorado Plateau in northeastern Arizona contributes to an understanding of the regional culture history.  Much of the data was collected during the early to mid-twentieth century.  The Pecos Classification (the one used here) is the most widely used general scheme for the twentieth century.  A majority of spindle whorl information was recorded using the Pecos classification.  Often the museum items and site information recorded periods from local chronologies.  If so, I transformed the local chronologies into the general chronology (See Appendix D Transformation of Site Card Time Period to the Pecos Classification).  The transformation enabled a broad regional and culture analysis.  I excluded the Paleoindian and Archaic Periods from the description because they were not referred to in this research.  The dates for each period are so variable given the areal extant of the project.  Sinagua period temporal designations tend to procede the provided dates by 1000 years or so (See Mills et al. 1993 for detailed temporal designations).     
Basketmaker II Period - BMII  (ca. 1000 B.C. - 500 A.D.)


The Basketmaker II period was a time when band populations were generally increasing (Wills 1988) and pinyon stands governed settlement.  A high resource abundance allowed for the maintenance of base camps.  Populations were stable with a predictable food resource.  The early Basketmakers cultivated wild plants and domesticated corn and squash. Grinding tool technology and storage facilities were utilized for the wild plants.  Material culture correlates of the Basketmaker II period include, one hand manos, dart points (atlatl), pithouses, storage pits and denser trash middens (Geib et al. 1993).  Site layout is in a random fashion.

Basketmaker III Period - BMIII  (ca. A.D. 500 - 800)


Basketmaker III period is a direct outgrowth of the BMII period.  Settlement shifted to well watered alluvial regimes.  An addition of beans to domestication practices associated with increased sedentism.  The earliest plainware pottery was manufactured.  The bow and arrow replaced the atlatl spear and two-handed manos increased grinding efficiency.  Hunting of large and small animals remained a diet staple (Gumerman and Dean 1989).  Village layout, consisting of pithouses, storage pits, dense middens and extramural activity areas, was still random.  Yet, only a few larger communal pithouses occurred on several BMIII period sites.  

Pueblo I Period - PI  (ca. A.D. 800 - 1000)


The Pueblo I period experienced an increase in population.  Sites not only occupied the lowland alluvial regimes, but population moved into the uplands.  Increased sedentism accompanied the increased dependence on agriculture.  Site structure included pithouses similar in form to the BMIII pithouses (however they lack antechambers), surface storage facilities, slab-lined and masonry rooms and jacal structures (Gumerman and Dean 1989).  No larger integrative ceremonial structures occurred on any PI period sites (Gumerman and Dean 1989).  Ceramic styles, in conjunction with an increase in exotic material, suggests trade extended across northeastern Arizona.    

Pueblo II Period - PII  (ca. A.D. 1000 - 1150) 


During the Pueblo II period, population increased resulting in dispersed settlement with sites occupying all environmental regimes.  Farming was the primary subsistence strategy and Anasazi hamlets were economically self-sufficient.  The highly uniform unit pueblo -- one to three room jacal structures attached to a few masonry storage rooms and an associated kiva --  dominated the landscape.  Ceramic and lithic inventories suggest an increase in intercommunity interaction (Gumerman and Dean 1989).      


The late Pueblo II heralds "the development of localized traditions in ceramics, architecture, and in some cases subsistence strategies" (Gumerman and Dean 1989:119).  Archaeologists defined the localized traditions in terms of stylistic similarities that expressed symbolic local ethnic boundaries.  The local groups tended to share similar symbols to convey a message of identity.  The only way they could convey a message was if they had an audience.  In most cases, the audience was other ethnic groups (Pandian 1988).  The symbolic, material manifestation of ethnic identities and boundaries through localized traditions implied an increase in the complexity of group membership and boundary maintenance during the late Pueblo II period.

Pueblo II to Pueblo III Period  (A.D. 1150 - 1250)


Population began to decline while subsistence remained dependent on agricultural pursuits.  Settlement shifted back down into lowland, up-drainage alluvial settings (Gumerman and Dean 1989).  Environmental stress appeared a concern.  An increase in water control features and reservoirs in the Kayenta region were products of stress (Gumerman and Dean 1989).  Site structure fell into two types:  (1) scattered pithouses associated with masonry lined kivas; or (2) "a more traditional pueblo configuration with a masonry roomblock facing an open or enclosed plaza containing one or more kivas" (Gumerman and Dean 1989:121).  Communities continued to be self-sufficient with an increased emphasis on localization or ethnic group memberships and a decrease in interregional interaction.    

Pueblo III Period - PIII (A.D. 1250 - 1300)


Pueblo III period settlement concentrated into dense centers located along lowland drainages where farmland and water were abundant (Gumerman and Dean 1989).  Population decreased in the Western Anasazi region and entire cultures were abandoned (e. g., Virgin Anasazi).  Populations increased in the Sinagua and Wupatki cultures (Geib et al. 1993).  


Dependence on agriculture grew substantially evidenced by an increase of field house sites.  Site placement near natural water sources and construction of reservoirs suggested a primary concern for domestic water.  Site size increased substantially and site layout was variable.  However, site layout ranged from pithouse villages with above ground storage facilities and ceremonial structures to large multi-pueblo villages with numerous integrative structures.  By A.D. 1300 the Western Anasazi region and a majority of the Sinagua region were abandoned.    

Pueblo IV Period - PIV (A.D. 1300 - 1500)


A majority of the population from the PIII period aggregated into a few large multi-village sites.  Settlement locations occurred in well-watered regions including, the Hopi Mesas, Little Colorado River Valley, Jeddito Valley, and Chavez Pass.  A combination of site layout, ceramic styles, rock art and kiva murals indicate the emergence and development of the Kachina cult (Adams 1991).  Adams (1991) posits the change in world view was directly related to the present environmental degradation.  Exotic items including, turquoise, shells, beads, copper bells and macaw feathers, suggested the presence of a large scale interregional exchange system primarily linked to the site of Casas Grandes (Bradley 1996).  A majority of the region, disregarding the Hopi Mesas, was abandoned with the onset of the early Spanish explorers.  

Fiber Use in the American Southwest


Pueblo I people used fiber primarily from agave, yucca and cotton.  Robbins et al. (1916) and others (Schwartz, in Kent 1983:xi; Herr 1993; Winthrop and Winthrop 1975) documented that spun agave and yucca was solely the result of finger spinning.  Initially, Kent (1957) recognized that the spindle whorl and shaft were cotton spinning implements in the pre-Hispanic Southwest.  Nonetheless, numerous researchers (Parsons 1972; Castetter, Bell and Grove 1938; Wilcox 1987; Spier 1924) distinguished spindle-spun yucca from agave, and finger-twined yucca and agave cordage.  However, detailed studies of archaeological yarn composition and structure suggested a more complicated picture (Kent 1983; Magers 1986; Teague 1996).


Teague (1996) posits that "we should not expect handspindles designed for the production of very heavy yarns from plant fibers other than cotton" (1996:249).  Finer yarns (non-cotton or cotton) necessitated a handspindle, coarse yarns were a product of hand and thigh spinning, and knotted yucca created cordage (Teague 1996).  Differences in whorl weight possibly suggests (1) lighter whorls were responsible for production of fine single yarn and (2) heavier whorls created plied or respun yarns (Teague 1996).  Other fibers including Indian hemp (apocynum), fur and feathers resulted from finger twining (Herr 1993).  The literature does not address the spinning of human and dog hair.  Yet, based on perishable remains I assume it occurred (McGregor 1941).

Ancient Agave and Yucca Use


Yucca and agave are two types of leaf fibers used as textile materials in the ancient Southwest.  Leaf fibers are coarser than seed, bast and animal fibers (Teague 1996).  However, when carefully prepared they provided a very useful textile material.  Both yucca and agave plants were common in the lower elevations of the American Southwest.  Plant density increased in hotter, more arid low-lying regions.  Long maturation and prolonged fruiting made them accessible throughout the year.  Yucca and other various cacti accompanied the pinyon-juniper stands on a northern expansion over time (Wills 1988).  Numerous microenvironments on the Colorado Plateau existed during the Pueblo periods characterizing the latter conditions.  Thus, the resourceful ancient inhabitants used their knowledge of plants to carefully extract fiber bundles from the leaves for future textile use.        


Ethnographic accounts documented a common use of agave fiber to make masks (Castetter, Bell and Grove 1938).  At Zuni, Stevenson (1915) and Spier (1924) documented the spinning of yucca (Castetter, Bell and Grove 1938).

A fiber is obtained from both the broad and narrow-leafed varieties of yucca.  The centrally located leaves of the plant are folded into convenient sized lengths, four or five inches, and tied into position.  These bundles are then boiled, white wood ashes being added ('any kind,' but cedar is in general use for cooking).  The leaves are removed when sufficiently softened.  When cool they are drawn between the teeth, the fibers being thus separated by chewing and scraping.  These fibers, which are stored in bundles, are softened before use by soaking in water.  They are rolled into rope on the thigh, or spun into yarn with the aid of the usual type spindle (Spier 1924). 


Working at Awatobi, Homol'ovi and as far north as Mesa Verde a number of researchers found abundant yucca and agave objects, such as woven rope, string, nets, fiber, fabric, cord, baskets and sandals (Castetter, Bell and Grove 1938; Fewkes 1898; Kidder and Guernsey 1919;  McGregor 1941; Morris 1919,).  In his excavations at Pueblo Bonito, Pepper (1920) found a "burden band" made of cotton and yucca.  Pepper (1920) also uncovered a burial accompanied by a woven textile of "finely spun yucca cord" (Pepper 1920:138).


At Winona and Ridge Ruin, McGregor (1941) notes that all the yucca textiles were "very well made, with more than average small coils, and fine sewing elements" (McGregor 1941:241).  McGregor recovered a fine example of possibly spindle-spun yucca and apocynum string.  Two pieces of fiber yarn twisted from the upper left to the lower right with an average diameter of a millimeter had the appearance of cotton.  A majority of fiber objects date back to the early Basketmaker periods.  However, yucca and agave utilization extended even further back to the early Archaic periods (Wills 1988).  


The perishable textile evidence in conjunction with the ethnographic record strongly suggested that some of the MNA spindle whorls were perhaps agave or yucca spindle whorls.  Yet, based on the archaeological yarn remains it appeared that spindle spun yucca and agave were not as common during the ancient pueblo occupations (Kent 1957; 1983; Magers 1986; Teague 1996).      

Ancient Cotton Fiber Cultivation and Use 


Cotton is one of the most widely used seed fibers for textile manufacture the world over.  The cotton fibers actually grow and adhere to the seed coat (Teague 1996).  Seed bolls vary in size depending on climate severity (Forde 1963, in Teague 1996).  Cotton plants require roughly a 180 to 200 day growing season and an abundance of water (Teague 1996) to reach full maturity.  However, the latter environmental conditions rarely occurred on the Colorado Plateau in northeastern Arizona.  Growing seasons were extremely short and unpredictable and permanent water sources were scarce.


Ethnographic evidence demonstrated that the Pueblo Indians used a variety of methods to obtain a harvest.  Farmers would soak their seeds before planting and break open immature bolls if a frost threatened (Huckell 1993).  Careful tending of the plants was a prerequisite for cotton's success in the northern regions.  Cultivation restrictions based on environmental limitation perhaps implied the existence of production loci with varying levels of cotton cultivation.  Raw cotton and textiles acquired a great deal of prestige because they were hard to produce (Huckell 1993).       


Ethnohistoric documents point to the Hopi as primary cultivators and producers of cotton textiles on the Colorado Plateau (Hammond 1966, in Teague 1996).  Additionally, the ethnographic record demonstrates that Hopi was a major cotton center at the turn of the century.  The Hopi traded the valued cotton textiles for turquoise from the Zuni (Teague 1996).  Thus, the ethnographic and ethnohistoric descriptions provide a base for further inquiry regarding cotton cultivation, processing and yarn and textile production.  The next section reviews the evidence for cotton in the northern Southwest.  

Reconstructing Cotton Cultivation, Processing, Yarn and Textile Production


Numerous preservation problems present themselves when attempting to reconstruct the technological phases of cotton production from the archaeological record.  First, the number of sites containing textiles or cotton plant remains are not equally represented for each time period.  Changing settlement patterns play a significant role in how many sites yield information regarding textile cultivation and production.  Kent (1957) clearly stated the point in her book entitled, "The Cultivation and Weaving of Cotton in The Prehistoric Southwestern United States:"

It must be emphasized that the years [A.D.] 1000 to 1400 do not necessarily delimit the Golden Age of weaving ... It simply happens that during those four centuries the people, especially in the central and northern parts of the Southwest, were using dry caves as village sites and for the burial of the dead.  Conditions at that time in those places were particularly favorable for the preservation of perishable goods, and large amounts of cotton survived (Kent 1957:462). 

Additionally, selective location of research and cultural resource management excavation projects limits our cotton database.  Second, past and present excavation strategies were not always designed to maximize the recovery of macro- and microbotanical remains necessary to reconstruct contexts of cotton utilization and cultivation.  Furthermore, early explorers, turn of the century archaeologists and looters collected a number of the highly valued textile products pertinent to understanding the full geographical distribution of cotton textiles on the Colorado Plateau.  More importantly, many of the objects representing each cotton manufacturing stage could represent trade products therefore skewing our interpretations.  In particular, cotton seeds, fiber, thread, textiles and cordage were easily transported for trade.


The combination of particular cotton-associated items aids in our interpretations regarding areas of cultivation, processing and production.  Thus, the presence of a particular item at a site in combination with other items representing the same cotton manufacturing stage presents a strong argument for its occurrence.  On the other hand, lack of an item on a site does not suggest the activity did not exist.  Rather, a number of biasing factors could contribute to its absence.    


Archaeological evidence for cotton cultivation originates from the remains of the cotton plant.  Cotton seeds, bolls, and raw fiber constitute the sweet of characteristics that define cotton cultivation.  While cotton cultivation was in full swing by A.D. 700 on the Gila River and its associated tributaries, it does not appear above the Mogollon Rim until beyond A.D. 850 (Teague 1996).


In combining data compiled from several researchers  (Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996; Table 1 in Appendix A) and from my research, cotton cultivation possibly began as early as the Basketmaker III period. These combined data were a nonrepresentative sample of 97 sites from the Colorado Plateau (Tables 1 - 10 & Figure 1 in Appendix A).  In examining frequency of sites per time period with particular cotton associated items I concluded the following.  The Waterfall Ruin, located on a San Juan River tributary, had both cotton seed and bolls present.  However, the site is a dual component site, dating both to the Basketmaker III and Pueblo III periods.  Cultural contexts of seeds and bolls were not with the present data set.  The remainder of the pueblo periods contained seeds and raw fiber (Pueblo IV only contained cotton seeds).  Yet, cotton bolls were rarely preserved.  Thus, seeds and raw fiber, both easily transportable, appeared on the Plateau at an early date.


Cotton textiles also occurred on the Plateau as early as the Basketmaker III period.  Cotton processing (cotton beaters), yarn (spindle whorls and thread) and textile production implements (needles, warping blocks, loom parts and anchor holes) did not co-occur with the completed textiles until the early Pueblo I to Pueblo II periods (Tables 1 - 10 in Appendix A). 


It was not until the Pueblo II and Pueblo III periods that an extensive increase in the number of sites containing remains representing cotton processing, yarn and textile production.  Loom anchor holes, the only nonperishable remain, did occur during the Basketmaker III period.  However, the presence and ambiguous cultural context of the textile related clues was at Waterfall Ruin.


Again, as previously stated by Kent (1957), the presence and apparent increase of  perishable remains could be the product of several biasing factors.  The present analysis of nonperishable spindle whorls could shed light on issues regarding initial periods of cotton yarn production on the Plateau.  Preservation bias affects ceramic spindle whorls far less than nonperishable remains.  An analysis of spindle whorl presence on sites across time and space could illustrate the general evolution of yarn production on the Plateau.                 

Basic Spinning Techniques


Spinning without implements (finger twisting fibers together between the palm and the thigh) and with handspindles were the principal techniques used in the ancient Southwest.  Two primary methods of spinning with handspindles are the supported and suspended spinning techniques (Teague 1996).  Supported spinning techniques are more efficient for the production of finer yarns with shorter staple fibers (cotton or wool) (Teague 1996).  On the other hand, the suspended techniques are used for medium weight yarn construction for longer staple fibers (Teague 1996).  Based on ethnographic, ethnohistoric and the archaeological evidence, no suspended spinning techniques existed in the Southwest.  The different techniques require different size spindle whorls.  

Ethnographic Descriptions of Handspindle Spinning Techniques


Ethnographic descriptions of spinning techniques fall into two categories:  disk whorl techniques or modeled whorl techniques.  Disk whorl spinning techniques involve the use of a circular perforated whorl made from wood, bone, gourd, ceramic and stone.  The modeled whorl techniques use a combination of the modeled whorl and a small ceramic or stone bowl base.  The spinner's position in conjunction with the following variables all determine variation in handspindle techniques:  the spindle shaft length, shaft diameter, taper of the shaft, whorl size, shape, weight and location of the whorl along the shaft (Teague 1996).    

Disk Whorl Spinning Techniques

 
The Hopi practiced the same spinning techniques as the Zuni.  However, the Hopi observed a religious ceremony during the process of spinning and weaving cotton (Stevenson 1987).  Prior to the Spanish introduction of wool, the Zuni preferred to spin and weave with cotton (Stevenson 1987).  Yet, once the Spanish introduced sheep into the region the Zuni purchased their cotton fabrics from the Hopi (Stevenson 1987).  Interestingly, Amsden (1949) documented similar spinning techniques among the Navajo wool weavers.  The origins of Navajo weaving remain speculative, however, spinning and weaving techniques are remarkably similar to pueblo methods.  


The Hopi and Zuni spinning methods employed a longer spindle supported on the thigh (Teague 1996).  Spier (1924) describes three Zuni methods of spinning wool:  a vertical base supported technique, a horizontal thigh, supported technique and a vertical base, supported technique that incorporates the right foot for stability (Figure 2).


The spindle shaft roughly measured 18 inches in length with a 1/4 of an inch diameter (Spier 1924).  The spindle shaft had a smooth appearance with "its lower end rounded and its upper end either rounded or pointed" (Spier 1924).  The spindle whorl was a three to four inch diameter wood whorl.  Stevenson (1987) noted the stone whorl was rare during her late nineteenth century visits.  While not documented ethnographically in the Southwest, Weigand (1969) described the use of ceramic, disk whorls (circular perforated worked sherds) in Mexico.


The spinner began by fastening fibers to the middle of the spindle and then proceeded with one of the following techniques. The vertical base, supported technique used the floor to support a vertical base upright spindle shaft.  The spinner's right hand kept the spindle whorl and shaft in motion as the left hand drew the fibers into thread (Spier 1924).  In the horizontal thigh position, the spinner was "sitting on her doubled-up left leg and resting on the right knee" (Spier 1924).  The right thigh jutted forward.  Again, the right hand maintained the spin.  However, the spindle shaft rested in a horizontal position on the right thigh.  The spindle whorl was between the legs, and the left hand drew the fibers into yarn on the upper end.  Thus, the spinner rolled the spindle shaft along her thigh and eventually dropped the lower end to the floor (Spier 1924). The vertical base, and ground, and the horizontal thigh, supported techniques were performed in a seated position whereas the vertical base, supported method that incorporated the right foot was a standing or seated position.


A vertical base, supported technique with the right foot was a modification of other vertical base, supported techniques.  The spinner wedged the lower end of the spindle shaft between her right foot and the floor, with the upper end pointing away from her (Spier 1924; Pendleton 1974).  The left hand stretched the yarn while the right hand worked out kinks from the spindle whorl to the free end (Spier 1924).  The spinner gathered slack yarn in between the first and fourth fingers of the left hand (Spier 1924).  When complete, the spinner rolled the thread into a ball of yarn.


Stevenson (1987) noted another type of spindle employed by the Zuni.  The spindle had no whorl.

Its length was from the tip of the thumb to the tip of the middle finger with the fingers extended, and the five fingers crosswise.  This stick was manipulated with the hand, it being caught with the four fingers on the far side and the thumb on the near side, the hand being over the stick.  The stick was revolved back and forth with the right hand, while the cotton bands [or milkweed] ropes were managed with the left hand (1987:294).


The various techniques generally depict some of the spinning method variation during the late nineteenth and early twentieth centuries.  The eastern pueblos had a slight variation in their vertical base, supported technique.  Often the eastern puebloan spinners would use a "small bowl, gourd, or pottery fragment" to rest the spindle shaft base on (Kent 1957:475).  The eastern pueblo spinners would start "their long spindles along the thigh, away from the body, before allowing them to spin free in their bowl supports" (Teague 1996:253).  Mexican and Guatemalan bead whorl cotton spinning more commonly associates with the eastern pueblo method (Kent 1957).  

Modeled Whorl Spinning Techniques


No ethnographic accounts describe modeled whorl spinning techniques at any of the Southwest Pueblos (Kent 1957).  However, several ethnographic descriptions exist in the literature on modern Mesoamerican textile production (Cordry and Cordry 1968; Hirth and Smith 1988; O'Neale 1945).  O'Neale (1945) describes modeled whorl spinning techniques in the highlands of Guatemala.  The spindle shaft is similar to the Southwest Pueblos in that it is a thin, rounded stick with a tapered end. Unlike the pueblo disk whorls where the whorl is up higher on the shaft (Teague 1996), the Guatemalan whorls sit much lower.  

The highland spinner usually sits on the ground to work.  She twirls her spindle in a shallow bowl, in a gourd, or on a broken dish ... The strands of unspun cotton fibers, wound in a loose ball, are easily held in the left hand.  A twisted bit from the end of the strand is fastened to the tip of the spindle.  While it revolves, the left hand is extended upward and back for a distance of some 20-30 inches slowly drawing out the fibers.  The length between the hand and the spindle receives a certain amount of twist ... A good spinner constantly inspects the yarn between the spindle tip and the left hand to watch for unevenness before she winds up the finished product on the spindle (O'Neale 1945:8).  

Bartlett (1854, in Teague 1996) notes a similar technique among the O'Odham and Maricopa of southern Arizona and northern Mexico.  Yet, their whorl was a small wood block rather than the small modeled Mexican whorls (Teague 1996:253).

Spinning on the Colorado Plateau in Northeastern Arizona


Here, I note a substantial increase of the number of spindle whorls date to the Pueblo II through the Pueblo III periods (Table 1). 

Table 1.  Frequency and Sample Percentages of Spindle Whorls

 in MNA Sample by Time Period  

	Time Period
	Frequency
	Sample Percentage

	Basketmaker II
	1
	      .36%

	Basketmaker III
	7
	    2.54%

	Pueblo I
	2
	      .72%

	Pueblo I - Pueblo II
	3
	    1.09%

	Pueblo II
	81
	  29.35%

	Pueblo II - Pueblo III
	81
	  29.35%

	Pueblo III
	100
	  36.23%

	Pueblo IV
	1
	      .36%

	Total:
	276
	100.00%


Of the 315 spindle whorls examined 88% have a temporal provenience.  Early Basketmaker and Pueblo periods have extremely low percentages of spindle whorls whereas the Pueblo II through Pueblo III periods illustrate a dramatic increase in spindle whorl numbers.  Not only did the number of spindle whorls increase during the Pueblo II through Pueblo III periods but the number of sites with spindle whorls increases as well (Table 2).

Table 2.  Frequency and Sample Percentages of Sites in MNA Sample by Time Period  

	Time Period
	Frequency
	Sample Percentage

	Basketmaker II
	1
	1%

	Basketmaker III
	4
	4%

	Pueblo I
	2
	2%

	Pueblo I - Pueblo II
	3
	3 %

	Pueblo II
	31
	33%

	Pueblo II - Pueblo III
	21
	23%

	Pueblo III
	31
	33%

	Pueblo IV
	1
	1%

	Total:
	94
	100%



Clearly, the MNA sample is largely biased toward the later Pueblo periods, excluding Pueblo IV.  Although I am uncertain, I suspect the number of later Pueblo period sites in the MNA's collections outnumber the early Basketmaker and Pueblo period sites. The Pueblo II and Pueblo III periods had extensive population growth during a period of stable, favorable climate (Gumerman and Dean 1989; Gumerman and Cordell 1989).  Thus, one would expect an overrepresentation of sites dating to the Pueblo II to the Pueblo III time periods.  My research focuses on the well represented periods for two primary reasons:  (1) the sample is larger; and, (2) the perishable cotton textile remains first appear in direct association with the production implements.   The yarn production sample of perishable remains (Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996; see Table 1 in Appendix A) demonstrated, an association of yarn producing implements (whorls, spindle shafts, cotton thread) did not occur until the Pueblo II period.  The same was true for the textile production sample of perishable remains.  Cotton thread, needles, loom parts and loom anchor holes did not coexist at any of the sample's sites until the Pueblo II period.   The increase in spindle whorls in association with increased textile remains suggests an increase in overall cotton textile and yarn production during the Pueblo II through Pueblo III periods.


The Basketmaker and Pueblo I periods had consistently low percentages of sites with spindle whorls. The Pueblo II and Pueblo III periods, on the other hand, had consistently higher percentages of sites with spindle whorls.  The spindle whorl increase agrees with the perishable remains sample, suggesting yarn and textile production increased in intensity during the Pueblo II through to the Pueblo III periods.


I posit that spinning techniques using a spindle whorl dominated the Pueblo II through Pueblo III periods.  It was also during the Pueblo II to Pueblo III time periods that the number of cotton textiles on the Plateau increased substantially.  As previously stated, the increase could easily be the product of a number of biasing factors, particularly the relationship of settlement patterns and perishable remain preservation.  Yet, the substantial lack of pre-Pueblo II evidence for cotton textile and yarn production suggests its overwhelming presence represents a significant shift in dominant textile and yarn producing technologies.  During the Pueblo II to Pueblo III periods the spindle whorl played a significant role in yarn production.

Reconstructing Ancient Pueblo Spinning Techniques


Archaeological spindle whorls closely resemble ethnographic examples.  Spier (1924) noted the Zuni spindle shafts measured 17 inches in length.  Hopi ethnographically known spindle shafts averaged 21 inches in length, tapering either at the top and rounded at the bottom or tapered at both ends.  The spindle whorl was located roughly 2/3 of the way up the shaft.  Tsegi Phase spindle shafts, while a bit smaller, averaged 17 inches in length.  More importantly, the spindle whorl was also located up 2/3 of the shaft's length.  Tapering of the shaft occurred at both ends.  Excavations at Antelope House uncovered three spindle whorls with shafts in place.  The shafts averaged 16 inches in length with the spindle whorl also located up roughly 2/3 of the shaft's length (Magers 1986).  The Canyon Creek Ruin, while off the Plateau, did produce a similar spindle shaft with the whorl in place.  It had a tapered top and the whorl was a little more than 2/3 of the shaft's length.  Considering the previous spinning descriptions it appears that the location of the whorl on the shaft in conjunction with whorl shape and size plays a significant role in identifying different spinning techniques.  


No modeled whorls exist in the MNA collections exhibiting original locations on the shafts.  However, I assume modeled whorl use was similar to the Mexican, the O'Odham and Maricopa ethnographic descriptions of spinning with a modeled whorl in a cup, bowl or ceramic.  Di Peso (1956) identified several possible stone spindle bases at the site of Paloparado, San Cayentano del Tumacacori. Paloparado, although located off the Plateau, also exhibited a high number of modeled spindle whorls.


The fact that ethnographic and archaeological samples are so similar suggests the ancient pueblo spinners were practicing similar supported techniques.  Moreover, the geographical locations of the Zuni and particularly the Hopi pueblos closely corresponds to the area under study.  Additionally, ethnohistoric documents, dating to the Spanish Conquest, constantly refer to the cotton cultivation and textile production occurring both at Zuni and Hopi.  In Luxan's account of the 1570's Espejo Expedition, Luxan described a visit to Awatobi, a Hopi village (Hammond 1966).  The Hopi people greeted the expedition with "food and gifts, including six hundred pieces of cloth, large and small, plain and figured, probably all of cotton" (Hammond 1966:24).  The Spaniards received another "six hundred pieces of figured and white cloth" (Hammond 1966:191) at a separate visit to Oraibi, Hopi.  In 1582, Luxan also reported the presence of large cotton fields near Walpi, Hopi (Hammond 1966, in Teague 1996).


Spanish ethnohistoric documents are contradictory concerning cotton cultivation and textile production at Zuni (Stevenson 1987).  Luxan, with the Espejo Expedition, noted that the Zuni wore the same sort of dress as the others, however, the cloth was of agave fibers (Hammond 1966:184).  In Stevenson's (1987) late nineteenth century accounts she stated the Zuni proclaimed cotton was the primary fiber used for textiles before the Spanish introduction of sheep.  The Zuni "gave up the weaving of cotton into garments, preferring to purchase from the Hopi" (Stevenson 1987:294).  The Zuni have several oral traditions relating to the origins of the cotton seed.  The stories discuss how they came to depend on the Hopi Indians for a particular type of easier spinning cotton (Stevenson 1987:294). 


To conclude, I suggest that a continuity of cotton yarn production has occurred on the Colorado Plateau in northeastern Arizona from the archaeological past (Pueblo II through Pueblo III periods) to the time of the ethnographic observations.  Thus, the archaeological, ethnohistorical and ethnographic data all suggest that past spinning techniques were similar to the ethnographically described spinning techniques.  Spinning with disk whorls involved a supported horizontal, thigh technique.  Spinning with modeled whorls was a vertical base, supported technique that possibly used a bowl or ceramic sherd for more stability.  Here, I statistically test the possible technical distinctions. 

CHAPTER 3

CRAFT SPECIALIZATION AND SOCIO-EConOMIC ORGANIZATION


Reconstructing prehistoric economy and understanding its relationship to social organization poses a significant archaeological challenge (Brumfiel and Earle 1987; Clark and Parry 1990; Costin 1991; Doyel 1991; Sebastian 1991; Toll 1991).  Clearly, a central aspect of prehistoric economy depends on the energy a society devotes to producing tools, pots, baskets, cloth textiles, ornaments, and other crafts for purposes of exchange to other individuals or social groups.  Reasons for production, exchange and acquisition of crafted goods within any group, community or region change depending on the social context (Clark and Parry 1990).  Studies focusing on craft specialization and its relationship to varying social contexts shape much research attempting to reconstruct prehistoric socio-economic organization.  


Several theoretical approaches frame studies focusing on craft specialization.  A majority of the work uses an evolutionary model (e. g., Brumfiel and Earle 1987; Costin 1991; Clark and Parry 1990).  Other approaches do not focus on the broad characterizations of social complexity.  Rather, they explore the specific and idiosyncratic social contexts in nonhierarchical social systems.


Here, I review general models treating socio-economic implications of craft production.  I demonstrate how and why the ancient northern Southwest societies do not ideally fit into the evolutionary schemes.  Furthermore, I discuss how I identify production groups at the culture level of analysis.  The term production group refers to "a number of producers sharing a technology, raw materials, or workshop" (Costin 1991:33).  Thus, a production group can occur at any level of social organization -- the household, community, or culture.  The production group concept facilitates an examination of yarn spinning techniques between and within various ancient northern Southwest cultures during the Pueblo II, Pueblo II through Pueblo III, and Pueblo III periods.

Craft Specialization


Understanding the organization of textile craft specialization provides insight into the structure and organization of an ancient economic production system.  Craft specialization, as defined by Costin, is a way to organize the "transformation of raw materials and/or components into usable objects" (Costin 1991:3).  Craft production occurs not only for household consumption but may also contribute to "extra-household exchange relationships" (Costin 1991:4).  Numerous researchers (Brumfiel and Earle 1987; Clark and Parry 1990; Earle 1991; Costin 1991), distinguish two major types of specialized production systems based on "elite and institutional involvement" (Costin 1991:5).  The term elite refers to the group of people who govern and recieve the rewards of "an elaborate hierarchy of nobles, priests, merchants, artisans, warriors, farmers and servants" (Sharer and Ashmore 1994:1).  The term elite institutions refers to adminstrative organizations of rulers, priests, military leaders, and craftsmen.


Two major types of specialized production systems are attached and independent specialists.  Independent specialists retain their right to the final product and produce for a general market of consumers often to meet utilitarian and economic needs (Brumfiel and Earle 1987).  Independent specialization may evolve out of increased population pressure or unequal distribution of resources (Costin 1991).  Conversely, attached specialists respond to the demand from an elite class.  Elites sponsor production to control consumption and distribution of the elite goods (Brumfiel and Earle 1987).  Attached specialization is a product of social and political inequalities (Costin 1991).  To quantify craft specialization, it is necessary to understand the organization of production as well as the process of producer and consumer transfer (Clark and Parry 1990).        

Relationship of Craft Specialization to Level of Social Organization


Archaeologists attempting to reconstruct prehistoric economic systems recognize a significant relationship exists between the level of social organization and the degree and type of craft specialization.  Along the evolutionary spectrum, ranging from egalitarian to state level societies, the relative degree and type of craft specialization varies according to context, concentration, scale and intensity of craft production.  Specialization degree measures the ratio of producers to consumers (Costin 1991).  Specialization type is the product of context, concentration, scale and intensity of craft production.  The context of production refers to the degree of distribution and production control (Costin 1991:8).  Production concentration refers to the density of production facilities within any given area (Costin 1991:8).  The scale refers to the size and composition of production units (Costin 1991:8).  Production intensity measures the amount of time spent on production activities (Costin 1991:8).  As a society becomes more complex along the evolutionary spectrum, the degree and type of craft specialization becomes more "differentiated, regularized, permanent and perhaps institutionized" (Costin 1991:4).  Consequently, identifying the type and degree of craft specialization within the archaeological record enables the archaeologist to measure the level of social organization associated with the culture responsible for the archaeological remains.

Evolutionary Models of Craft Specialization


Research attempting to quantify craft specialization in order to reconstruct the level of social organization tends to follow a formal evolutionary scheme.  Degrees of standardization, skill, efficiency, and output directly correlate with particular levels of social organization.  For example, in a state-level society, the elite tend to sponsor the production of attached craft specialists.  The specialists may produce highly standardized utilitarian products en mass or high quality prestige items.  The products in turn increase the wealth of the elite (Brumfiel and Earle 1987).  While the above evolutionary approach is extremely productive for the study of socio-economic organization, the direct correlation between degree and type of craft specialization and level of social organization may not always occur.    


Johnson (1989) deviates from the strict evolutionary framework by recognizing the important distinction between a single tractory, vertically, differentiated society and a horizontally, differentiated society.  The single trajectory, vertically, differentiated society follows the strict evolutionary framework -- societies fall into the egalitarian through to the state-level spectrum.  The horizontally, differentiated society is what Johnson (1989) termed a "sequential hierarchy...a structure for the organization of consensus among basically egalitarian aggregates of increasing inclusiveness" (Johnson 1989:378).  In a sequential hierarchy, population levels were too high to reach a decision based on consensus.  Yet, population levels were too low to support a large adminstrative structure.  Thus, the formation of an institution beyond the "basal organizational units" (Johnson 1989:379) was necessary to make decisions affecting all concerned.  Commonly, ritual is the basis of the institution (Johnson 1989). 


Ancient societies of the northern Southwest were egalitarian in the sense that they lacked an institutionalized elite.  Johnson (1989) suggests that households and lineages cooperated in an egalitarian fashion for production purposes.  Ritual structures, rather than an elite administration, served as the integrative mechanisms above households.  Differential access to environmentally restricted resources led to production intensification in particular regions.  Whereas any extra-household exchange served as buffering mechanisms for those who did without. 


By recognizing the distinction, Johnson (1989) avoids the typologies following the typical, single, trajectory, vertically differentiated society.  Thus, a one-to-one relationship between type and degree of craft specialization and level of social organization may not exist in the horizontally, differentiated society.

Summary of Social Organization of the Ancient Northern Southwest Cultures


Understanding social organization is critical to any reconstruction of the organization of yarn production in the ancient northern Southwest.  Gumerman and Dean (1989), Dean (1969), Adams (1989), Burchett (1990) and Kamp and Whittaker (1990) all agree that the Western Anasazi, Sinagua and ancient inhabitants of Wupatki primarily were egalitarian societies.  Gumerman and Dean (1989) define egalitarian as follows:

...one whose members have essentially equal access to critical resources and to an unrestricted flow of information about those resources.  This definition allows for the development of leadership through achievements, personal abilities, and even hereditary status, so long as the status does not convey the right to restrict access of others to critical resources" (1989:132-133).


The authors recognized a settlement hierarchy with central pueblos that possibly served as multi-pueblo communities.  Additionally, they identify intravillage, integrative structures (Adams 1990; Burchett 1990), community planned and organized labor investment (Dean 1969), and intracommunity line-of-sight communications strategies (Dean 1969; Gumerman and Dean 1989).  However, Gumerman and Dean (1989) interpret the social organization as nothing more than loosely defined communities (Dean 1969) exhibiting no evidence of social or political vertical differentiation (Gumerman and Dean 1989).  


Based on architectural layout and settlement patterns, the authors infer an existence of a similar social organization of the ancient northern Southwest inhabitants and the Hopi villages.  Drawing from Eggan's (1950) ethnographic study of Hopi social organization, Dean (1969) sees both kinship and ritual as the primary social integrative mechanisms.  Eggan (1950) postulates that the matrilocal households and matrilineal lineages in conjunction with the crosscutting clan-phratry system developed to integrate the larger population.  Dean (1969) posits that the development of the clan-phratry system originated during the Pueblo III period.  


Also represented in the MNA sample are spindle whorls originating from the western fringes of the Eastern Anasazi or Chaco Regional System.  Sebastian (1989) interprets the differential distribution of material culture, the settlement hierarchy, the existence of great houses and kivas, and the substantial labor invested in the construction and maintenance of roads, habitations and water control features of the Chaco Regional System, as evidence for institutional leadership above and beyond kinship and consensus.  Moreover, Sebastian (1989) postulates the existence of attached craft specialists within the Chaco Canyon center (Sebastian 1991).  A majority of the interpretations of social organization in the northern Southwest suggest an egalitarian system (with the exception of the Chaco Regional System).  Thus, according to the evolutionary typologies, part-time independent craft specialists pervailed during the Pueblo II through to the Pueblo III periods.  However, to unravel the archaeological record and determine the nature of  the production, we must examine why cotton yarn specialization would occur in the northern Southwest societies.

How the Northern Southwest Cultures Do Not Ideally Fit the Evolutionary Scheme


In a horizontally, differentiated society, including the prehistoric cultures of the northern Southwest, the simple distinction of part-time independent specialists and full-time attached specialists has obscure boundaries.  In the evolutionary classification systems, part-time independent specialists, often associated with egalitarian societies, primarily produced utilitarian products (Brumfiel and Earle 1987; Clark and Parry 1990; Costin 1991; Earle 1991).  On the other hand, full-time attached specialists created prestige goods that represent symbols of power and authority.  Prestige goods express the wealth, power and control of the elite thereby sanctifying chiefly authority (Helms 1993). 


Clearly, power is a loaded term having numerous meanings in a horizontally, differentiated society.  Rappaport (1971a; 1971b) recognizes two types of power:  effective and affective.  Effective power suggests the existence of a larger "administrative structure capable of wielding a certain amount of power" to "ensure the acceptance of social conventions" (Drennan 1976:346).  Affective power associates with the evolutionary stage "during which the technology of force was not sufficiently advanced to render large numbers of men a truly effective coercive body" (Drennan 1976:346).  In a society that is not capable of supporting an administrative structure, such as many of the societies in the American Southwest, Rappaport (1971a) suggests that these societies use ritual as a form of symbolic communication, acting to assure the social acceptance of social conventions.  Ritual, then, is the affective power or political control used for purposes of social integration.  Thus, the ritual surrounding the production of cotton textiles and yarn was a form of symbolic communication acting to strengthen social bonds (Drennan 1976:347-348).  


Thus, power is multidimensional as are hierarchical systems.  Hierarchical societies following the vertically, differentiated, evolutionary scheme more than likely sponsors the creation of prestige goods symbolizing effective power.  Conversely, horizontally, differentiated societies create prestige goods symbolizing affective power.


The part-time specialist and the attached specialist boundary breaks down when examining horizontally, differentiated societies.  A part-time specialist may also participate in the production of prestige goods.  However, the prestige goods in a horizontally, differentiated society sanctify ritual not the elite administration.  Craft specialists create and maintain "social, political, and economic ties and mutual, interpersonal obligations" (Cross 1993:61).  Social relations "define political, economic and social participation in society" as well as access to restricted goods and services (Cross 1993:61-62).  Thus, the work of part-time specialists has important consequences to society's members.  

Model of Cotton Textile and Yarn Production in the Ancient Southwest


The demand for cotton textile and yarn production in the northern Southwest resulted from differential access to a highly versatile product.  Current research (Huckell 1993; Kent 1983; Magers 1986; Teague 1996) suggests the cotton plant does not show up on the Plateau until after A.D. 850.  The agricultural limitations confined it to hot, low lying locations with an extremely long growing season.  Within the northern Southwest region, locations with the latter restrictions are rare. 


Prior to the arrival of the cotton plant on the Plateau, cotton textiles appeared in the archaeological record with no associated production tools (Kent 1983). The difficult to obtain cloth presumably was a Hohokam trade product (Kent 1983).  Due to the great distances traveled the items carried a certain amount of prestige during the early pueblo periods.  The prestige carried over into the later Pueblo periods substantiating the extra effort entailed to maintain a crop.  Thus, a considerable amount of social force existed to get the Plateau inhabitants to work with a plant on the extreme margin of its natural range.


Environmental limitations played major roles in determining the locations of textile and yarn production.  The differential access could have resulted in specialization based on environmental restrictions.  People in some areas were able to grow cotton while others were not.  


The demand for textile products may have also resulted from its mounting value not only as a trade product but also as ritual paraphenalia.  Southwest ethnographic accounts document that cotton cloth not only served a utilitarian purpose but also carried significant ritual value.  In ethnographic accounts of the Zuni, Matilda Cox Stevenson (1987) addressed the variety of roles cotton plays in puebloan society.  The cotton plant symbolizes white clouds in the Zuni religion (Stevenson 1915) and often occurs in symbolic contexts with the rain-making gods.  


In 1882, Matilda Cox Stevenson observed the preparation of cotton for the kiva loom at Shimopavi, a Hopi village.     

This ceremony, which is strictly religious, must be performed with many prayers.  A piece of commercial cotton cloth was spread upon the floor in the chamber of the high priest (head rain priest) and a disk-shaped bed of sand was laid upon the cotton cloth...The process of manipulating the cotton began.  A white cloth containing cotton pods was deposited by the sand bed, and each man of the circle began picking the cotton and placing it on the bed.  The picked cotton was patted with a willowy rod, some two and a half feet in length, with five fingers or prongs wrapped securely to it...The better part of a day was required to prepare but a small quantity of cotton for the spindle.  Then the spinning began...(Stevenson 1987).

Clearly, the act of crafting or the transformation of cotton into cloth played a significant symbolic role in maintaining "a direct, living connection between the temporal/spatial here-and-now of the cultural setting and the there-and-then of outside dimensions" (Helms 1993:18).


The physical transformation of cotton was possibly part of a longer prayer expressing a request to the rainmaking gods for water.  Cotton and cotton textiles perhaps played a socially integrative role to the early Pueblo II through Pueblo III period societies.  Thus, cotton served as a symbol of and a vehicle for power through ritual and redistributive practices. 


Many of the ancient puebloan textiles possibly symbolized an affective form of political control.  Simultaneous with the introduction of cotton cultivation in the study area, Adams (1989) documents a change in the role of ritual to the ancient pueblo occupants.  Gumerman and Dean (1989) suggested early Pueblo III inhabitants had a heightened concern for domestic water.  In response, the puebloan peoples built a variety of water management facilities, primarily reservoirs and other storage structures  (Gumerman and Dean 1989).  Could another response to the water shortage include an increased emphasis on ceremonies focusing on rainmaking themes?  If so, the transformation of raw cotton into cotton cloth was an active and material expression of ritual affective power.  Thus, the power and wealth of a community related to the possession of these ritually charged items.


The latter summary of textile specialization research establishes the necessary demand associated with textile and yarn production.  An unequal distribution of cotton cultivation (the resource) in conjunction with its accompanying prestige resulted in differential access to a highly versatile product.  The unequal distribution of cotton implies the existence of production loci with varying degrees of production specialization.  Some areas may have focused on cotton cultivation (Adams and Hays 1991), while other areas centralized in the production of the final products.  Often nucleated community specialization occurs in environmentally diverse areas, including the Colorado Plateau.  Thus, some areas probably concentrated on both cultivation and production.  In doing so, the specialists reduce the cost of production by locating themselves near the cultivation areas (Costin 1991).

Organization of Yarn Production for the Ancient Southwest Cultures


The nature of my data precludes my knowledge of the spindle whorls' actual cultural context.  The artifacts may represent entire sites or single rooms.  Due to the differential representativeness, my conclusions remain tentative until further research explores specific intra-site contexts.  Accordingly, I chose to examine the data at the regional and culture units of analyses using the evolutionary model of craft specialization.  More specifically, do specialized spinning production methods vary along the lines of previously designated culture boundaries?  An investigation of variation across and within cultures provides information regarding specialization at a very gross scale and does not provide insight regarding the nature of social organization within each culture.  I cannot determine the context, concentration, scale and intensity of craft production.  Consequently, I cannot determine the type and degree of cotton yarn specialization.  


Regardless of the above constraints, I can determine the relative degree of specialization within a production group (Costin 1991).  By identifying the production groups, I do not imply the size or structure of the work group.  A production group can refer to a small workshop up to a culture.  The archaeological record has to demonstrate that the production group shares knowledge on "a narrow range of productive/economic activities" (Costin 1991:21).  By comparing spinning technique variation of two or more analytic units (culture, time period, or artifact type), I can determine the relative degree of specialization between and within the northern Southwest cultures.


Does yarn spinning technique vary according to predescribed cultural affiliations?  Or were some cultures practicing only one technique?  Reconstructing the prehistoric technology and how the technology changes according to our predefined culture designations provides insight into the relevance of culture concepts regarding yarn production.  The data limits my ability to fully understand the relationship between the degree and type of craft specialization to social organization.  Yet, identifying the production group can further our understanding of the prehistoric yarn production economy in northern Southwest cultures.

CHAPTER 4

ANALYTICAL METHODS

Purpose of Data Analysis


The purpose of the data analysis is to describe spindle whorl variation and how it may identify different spinning techniques, functions and possibly production groups (Costin 1991).  As previously stated, a production group is "a number of producers sharing a technology, raw materials, or workshop" (Costin 1991:33).  Thus, the identification of a production group could occur at the inferred culture unit of analysis.  Evidence suggesting similarity in spinning techniques or functions insinuates a certain degree of technological information exchange.  With the above in mind, I examined the data under two units of analysis:  the region and culture.  The regional unit of analysis examines whorl spatial and temporal distribution, and functional variation between the whorl material types.  The culture unit of analysis examines whorl variation across cultures spanning the Pueblo II to Pueblo III time periods.  In doing so, I determined if the different spinning techniques correlated with the different cultures.  I used exploratory data analysis to identify the whorl variation and inferential statistics to test for the significance of the variation.  All analyses were conducted using SYSTAT, Paradox for Windows and MS Excel.

Sample


The sample consisted of 353 spindle whorls from the Museum of Northern Arizona's (MNA) collections.  The spindle whorls included the following material types:  243 ceramic perforated worked sherds, 30 wood disk whorls, 73 ceramic modeled (or beaded) whorls and 7 circular stone whorls (Figure 7).  The whorls originated from sites located on the Colorado Plateau spanning the Basketmaker II through to the Pueblo IV periods.




Figure 7.  Spindle Whorl Frequencies by Material Type.

  Assumptions


Three primary assumptions accompany my analysis.  First, I assume the spindle whorls were used at the site collection area.  I do not know if the spindle whorls came from primary use contexts but I assume they represent that production activities occurred on the site.  Second, many of the wood whorls probably did not survive therefore masking the variability present on the sites.  However, I analyzed the variation of the artifact classes present.  Finally, I assumed that the different variants identified were different production groups (Costin 1991).  Presumably, the different variants were a product of differential distribution in cultural contexts.  For instance, a majority of the Kayenta wooden whorls originated from Kiet Siel.  The whorls could have originated from one room or distributed across the site.  Thus, my lack of knowledge regarding cultural context obscures the information regarding variant representativeness.  However, the analysis provides a starting point for further inquiry regarding the integrity of production group variants.  

Lab Procedures


I divided the Descriptive Analysis up into three phases:  Spindle Whorl Identification, Descriptive Variable Documentation and Site Card Documentation.   The following sections describe each phase of the analysis.    

Descriptive Analysis     


Spindle Whorl Identification - At MNA I examined several collections including, Spindle Whorls, Circular Perforated Worked Sherds, Perforated Worked Sherds, Stone Artifacts, and Wood Weaving Tools.  I based the ceramic disk whorl sample selection on the following criteria:  (1) the whorl was basically round and an inner hole penetrated through the center of the artifact (Barber 1994); (2) the artifact was symmetrical; and (3) the exterior edges of the artifact was shaped or worked.  If the artifact was incomplete then I made an educated guess regarding the original shape.  In many instances, the artifacts were incomplete and I was unable to determine if it was or was not a spindle whorl.  In those cases, I did not include the artifact in the sample.  However, in other cases I recorded incomplete artifacts that had all the characteristics of a spindle whorl.


I recorded information on all the items previously termed Modeled Spindle Whorl by the MNA in their collections.  Moreover, I scanned the Stone Artifacts drawers for possible spindle whorls.  For selection determination of the stone spindle whorls, I used the above criteria for circular perforated worked sherds.  The Wood Weaving Tools were in a separate drawer.  The artifacts included several complete spindle whorls and shafts, as well as numerous wood whorls.  Again, I used the above selection criteria for spindle whorl determination.  After identifying all the whorls for the sample, I recorded their physical characteristics, site origination and laboratory tracking information.             

Descriptive Variable Documentation


To describe each spindle whorl I measured all dimensions using the same set of instruments to control for equipment error (sliding calipers and a three beam balance).  In an attempt toward compatibility, I used many of Mills et al. (1993) codes for the ware/type classification and vessel form.  For all the modeled whorls I drew plan and profile drawings to document any formal variation.  Additionally, I recorded the following variables:  item number, site number, accession number, drawer location, material type, percent complete, inner and outer diameters, thickness, weight, shape type, ware/type classification, date range (based on ware/type classification), median date, time period designation and any general notes (Figure 8; See Appendix B for variable definitions).  I entered all the information from the phase into the REALMA database (See Appendix C for Analysis Forms, Appendix D for code specifications, Appendix E for the Raw Data collected).

Figure 8.  Spindle Whorl Physical Properties.

Site Card Documentation


For each site number, I looked up the corresponding MNA site card.  I extracted the following information and stored it in the SITE database, linking the databases MAREAL with SITE by Site Number.  If the information I needed was not on the site card, I looked up the original MNA site files to locate any undocumented information.  I recorded the following variables for each site:  site number, any other site number (e. g., Forest Service numbers), time period, dates, Pecos classification time period, a transformation of the Pecos classification time period, site cluster, cultural affiliation, geographic location, geographic position, elevation, primary drainage, secondary drainage, distance to nearest drainage, number of whorls on the site, map reference, references and any general notes.      


I stored the latter information in the two primary databases:  MAREAL and SITE.  However, to analyze the data at different spatial and temporal units of analyses, I queried the databases to create two more databases:  REGIONAL, and CULTURE.  The REGIONAL database contained the following variables:  ITEMNO, SITENO, MATERIAL, PERCOMPL, INNER, OUTER, THICK, WEIGHT, PERIOD4.  The CULTURE database contained the same variables as the REGIONAL database as well as the variable CULTURE.

Discussion of Variable Implications on Spinning Technique


Several variables affect variation in spindle whorl properties, particularly whorl weight, spindle shaft diameter and length, spinning technique, and the intended size of the yarns produced.  Changes in whorl weight are reflected in differences in whorl material type or whorl densities, whorl thickness or in the whorl's outer diameter.  All of the variables contribute to the size and weight of the whorl.  Significant changes in whorl weight may reflect differences in intended yarn sizes produced or possibly fiber types spun.  Yet, Teague's (1996) research on archaeological yarn specimens and spindle whorl attributes at Antelope House in Canyon de Chelly concludes "we should not expect handspindles designed for the production of heavy yarns from plant fibers other than cotton" (1996:249).  The coarser S-spun yarns were a product of thigh and hand spinning (Teague 1996).  The lighter whorls may represent production activities associated with a fine single cotton yarn and the heavier whorls indicate the production of plied or respun yarns (Teague 1996).


Teague (1996) found whorl weight primarily dependent on the whorl material type (ceramic, modeled, wood or stone).  I suspect the weight differences by material type occurs in the MNA sample as well.  Thus, it is necessary to identify whorl variation within each material type.  If weight differs across space and through time, interpretations could indicate differences in intended yarn production results.


An association of inner diameter with specific whorl material types could reflect differences in spinning technique.  The larger holes tend to indicate the use of a longer and thicker spindle shaft (Teague 1996:239).  The longer thicker shaft corresponds with the supported thigh Southwest ethnographic techniques.  The smaller, shorter spindle shafts closely associate with the vertical base, supported techniques (Teague 1996:239).  Nonetheless, variation in the inner hole diameter could represent the spinning of different fibers (Parsons 1972; Teague 1996; Winthrop and Winthrop 1975). 


I suspect a majority of the spinning methods on the Plateau were supported techniques:   vertical base or horizontal thigh.  According to the ethnographic descriptions, the horizontal, thigh supported technique should correlate with the disk whorls whereas the vertical base, supported method should associate with the modeled whorls.  I look for the differences by examining the inner whorl diameter variation by material type.


Interpreting variation in spindle whorl physical properties involves sorting out the relationships of several confounding variables.  Nevertheless, an understanding of spinning techniques aids in deciphering the organizational changes and structure of yarn production on the Plateau.                    

Regional Analysis


The region encompasses a large environmentally and culturally diverse area on the Colorado Plateau in northeastern Arizona.  The 105 sites in the MNA sample range in elevation from 3500 to 7500 f t. (Figures 9 - 19).  Site geographical positions include a majority of open air sites located along ridge and mesa tops and bases, in dune fields, along old river terraces and in generally flat areas.  Five percent of the sites are either rock shelters or cliffhouses.  The cultural environment spans core and peripheral

Figure 9.  Map of Site Map Locations (A - J).

Figure 10.  Map of Flagstaff, AZ [West] (after USGS, 1:250,000, 1954, Revised 1970).  

Figure 11.  Map of Flagstaff, AZ [Central] (after USGS, 1:250,000, 1954, Revised 1970).  

Figure 12.  Map of Flagstaff, AZ [East] (after USGS, 1:250,000, 1954, Revised 1970).   

Figure 13.  Map of Gallup, New Mexico; Arizona [West] (after USGS, 1:250,000, 1954, Revised 1970).

Figure 14.  Map of Gallup, New Mexico; Arizona [East] (after USGS, 1:250,000, 1954, Revised 1970).

Figure 15.  Map of Williams, Arizona [East] (after USGS, 1:250,000, 1954, Revised 1970). 

Figure 16.  Map of Marble Canyon, Arizona; Utah [West] (after USGS, 1:250,000, 1956, Revised 1970).

Figure 17.  Map of Marble Canyon, Arizona; Utah [Central] (after USGS, 1:250,000, 1956, Revised 1970). 

Figure 18.  Map of Marble Canyon, Arizona; Utah [East] (after USGS, 1:250,000, 1956, Revised 1970).

Figure 19.  Map of Saint Johns, Arizona; New Mexico [West] (after USGS, 1:250,000, 1954, Revised 1970).

areas of the Kayenta, Sinagua, Cohonina, Winslow and Eastern Anasazi cultural spheres.   Sites range from the Basketmaker II period to the Pueblo IV period.  Roughly 60% of the sites date to the Pueblo II and Pueblo III periods.


Initially, I examined the regional and temporal distributions of the spindle whorls by material type and determined if the different material types served the same functions.  I also looked at the variation within and between material types.  Looking at variation within the different material types revealed if a particular material type served multiple or singular functions.  An examination of the variation between material types demonstrated if functional differences existed during the Pueblo II, Pueblo II to Pueblo III and the Pueblo III periods and as well as through time.

Cultural Affiliation Analysis


The cultural affiliations include Eastern Anasazi, Winslow Branch of the Western Anasazi, the Kayenta Branch of the Western Anasazi, the Cohonina, Sinagua and sites within the vicinity of the site of Wupatki (See figure for spatial definitions).  To make the analysis more straightforward, I excluded the sites that had combined culture designations including Sinagua/Hohokam, Sinagua/Cohonina.  The number of sites and whorls for each culture appear in Table 3 (Figure 20).

Table 3.  Number of Sites by Culture

	Culture
	No. of Sites in Sample
	Number of Whorls

	Eastern Anasazi
	10
	17

	Winslow Anasazi
	1
	1

	Kayenta Anasazi
	26
	53

	Cohonina
	6
	15

	Sinagua
	39
	179

	Wupatki
	2
	17





Figure 20.  Frequency of Sites in Sample by Culture.

The number of spindle whorl material types by culture appear in Table 4 (Figure 21).

Table 4.  Number of Spindle Whorl Material Types by Culture

	Culture
	Ceramic Whorls
	Wood Whorls
	Modeled Whorls
	Stone

 Whorls

	Eastern Anasazi
	17
	0
	0
	0

	Winslow Anasazi
	1
	0
	0
	0

	Kayenta Anasazi
	32
	17
	3
	1

	Cohonina
	15
	0
	0
	0

	Sinagua
	111
	0
	60
	0

	Wupatki
	6
	9
	0
	2





Figure 21.  Frequency of Spindle Whorls in Sample by Culture.


For the cultural affiliation analysis, I looked at the spindle whorl variation within and between cultures.  In doing so, I was able to explore the variability of yarn production methods within a culture as well as to determine if the cultures were practicing similar or different methods of production.  I also determined if the Kayenta wood whorls were different from the Wupatki whorls.  And finally, I looked at the variation within each culture through time to determine if each culture demonstrated any significant changes in spinning technique.


In performing the above examinations, I tended to follow similar statistical procedures.  First, I selected the data by the unit of analysis under study (time period, material type).  I used exploratory data analysis, particularly histograms and boxplots, for pattern identification in the specific whorl variables (outer and inner diameters, weight and thickness).  Next, I used the Mann-Whitney U significance test to determine if the patterns were statistically significant.  The Mann-Whitney U measures the central tendencies of the one variable between two groups (by unit of analysis).  A comparison between the two groups reveals if chance alone is a reasonable explanation for any differences.  It is similar to the t-test.  Yet, it does not require normal distributions of the test populations.  For all the significant tests performed (unless otherwise stated), the Null Hypothesis states, "The variables represent the same spinning function."  Consequently, the Alternative Hypothesis states, "The variables do not represent the same spinning function, therefore they represent a different function."  By examining the relationship of all the important variables for spinning, I can determine if the whorl distributions represent different spinning techniques or functions.  Thus, the analysis identifies similarities and differences of different material types, time periods, and cultures. 

CHAPTER 5

SPINDLE WHORL VARIATION

Regional Analysis

Temporal and Spatial Distribution


For each spindle whorl material type, I documented  the spatial distribution by culture as well as the temporal distribution by period.    

Ceramic Disk Whorls (Circular Perforated Worked Sherds)


Circular perforated worked sherds (ceramic disk whorls) are symmetrical in shape with a central inner hole.  The spindle shaft passed through the inner hole.  The function of ceramic disk whorls is questionable as strictly representing a spindle whorl for the spinning of fibers (Kent 1957).  However, several studies (Herr 1993; Hirth and Smith 1988; Teague 1996) illustrate that their physical characteristics (inner diameter, outer diameter, weight and thickness) all fall within the range of variation for other known spindle whorls.  Additionally, Haury (1934) found the archaeological remains of a ceramic whorl with a spindle shaft running through it and cotton attached to the shaft.  The ethnographic record extensively documents the use of sherd whorls as disk whorls (Haury 1945; Hirth and Smith 1988; Weigand 1969).  Thus, I suspect a majority of the ceramic, disk whorls were used for a spinning function.


It has been argued that some of the ceramic disk whorls served as pump drill whorls.  Yet, the four ethnographic Zuni and Hopi pump drills I measured had significantly larger outer and inner diameters and thicknesses (Table 5).  I used the Mann-Whitney U Test to compare the two assemblages.

Table 5.  Ceramic Disk Whorls/Pump Drill Disks -- Mann-Whitney U Test

	
	Ceramic Disk Whorl


	Pump Drill Disk


	Probability

	Mean Outer Diameter (cm)
	4.530
	7.160
	.002

	Mean Inner Diameter (cm)
	.509
	1.075
	.001

	Mean Thickness (cm)
	.546
	1.045
	.030


HO:  Disks represent the same spinning function.

H1:  Disks do not represent the same spinning function.

Conclusion:  For all three dimensions, the pump drill disks and the ceramic disk whorls yielded a probability less than .05.  Thus, I reject the null hypothesis that the disks represent the same spinning function.  Thus, I accept the alternative hypothesis that the disks do not represent the same spinning function.


A total of 215 circular perforated worked sherds (ceramic disk whorls) with site numbers were measured.  The average outer diameter measured 4.526 cm with an average thickness of .542 cm.  The mean weight was 14.161 grams.  The inner diameter, representing the dimensions of the spindle shaft thickness, averaged a 0.504 cm.


Of the 215 ceramic, disk whorls, 81.4% dated to the Pueblo II through to the Pueblo III periods with 3.26% dating to the Basketmaker III and early Pueblo periods, and .46% dating to the Pueblo IV period (Table 6; Figure 22).

Table 6.  Frequency of Whorl Types by Time Period 4

	
	Ceramic
	Wood
	Modeled
	Stone

	No date
	32
	1
	6
	0

	Basketmaker II
	0
	0
	0
	1

	Basketmaker III
	2
	3
	1
	1

	Pueblo I
	2
	0
	0
	0

	Pueblo I - Pueblo II
	3
	0
	0
	0

	Pueblo II
	64
	0
	17
	0

	Pueblo II - Pueblo III
	47
	16
	18
	0

	Pueblo III
	64
	9
	25
	2

	Pueblo IV
	1
	0
	0
	0

	Total:
	215
	29
	67
	4





Figure 22.  Frequency of Spindle Whorl Material Types by Time Period 4.


Ceramic, disk whorls occurred in all the cultures depicted in the study area including the Eastern Anasazi, Kayenta Branch, Sinagua, Cohonina, Winslow Branch, Kayenta/Cohonina, Kayenta/Winslow, Cohonina/Sinagua and at Wupatki.  

Wood Whorls


The wood whorl shape is similar to the ceramic, disk whorls, however, they were larger and thicker due to their light weight.  In the MNA sample, represented by 29 whorls (with site numbers), the average outer diameter measured 5.095 cm with an average thickness of 1.157 cm.  The mean weight was 5.857 grams.  The inner diameter, similar to the ceramic, disk whorls, averaged a 0.504 cm.


As Kent (1957) noted, the wood whorls are common on Pueblo III (post A.D. 1100) sites in the San Juan drainage.  A majority of the wood whorls (55%) originated from the cliffhouse site, Kiet Siel and dated to the Pueblo II through Pueblo III period.  The remainder (45%) came from open air Kayenta Branch sites and from Wupatki.  The three open air Kayenta sites dated to the Basketmaker III period whereas Wupatki dated to the Pueblo III period.  Interestingly, the perishable items occurred roughly half the time in cliffhouse sites where preservation was outstanding and the other half in open air sites.  I found it interesting that their limited presence appeared in the two regions.  However, I suspect an under representation of the preservation biases exists therefore overemphasizing the preservation pattern.

Modeled Whorls


Modeled whorls are beaded ceramic, disk whorls that occur in a variety of forms (Figure 6).  They primarily exist in the southern regions of Arizona and tend to associate with the Hohokam and northern Mexican cultures.  Kent (1957) originally documented their presence strictly within the region directly influenced by the Hohokam (southern Arizona, the Verde Valley, Prescott and the Flagstaff area).  The modeled whorl distribution coincided with the Classic period expansion, postdating A.D. 1100.


A majority (96%) of the MNA modeled whorl sample came from the Flagstaff/Sinagua region, three occurred in the Kayenta heartland.  One of the Kayenta (Site 11053, Item 228) modeled whorls was of the discoidal type.  It's size suggested it was a pump drill.  When compared to the four Hopi pump drills, the inner and outer diameters, as well as the thickness fell within the range of pump drill variation.  The second Kayenta (Site 2681, Item 319) modeled whorl was extremely odd-shaped and stylistically unlike any of the Sinagua modeled whorls.  The third Kayenta modeled whorl (Site 7498, Item 345) was the smallest and lightest whorl in the sample (I discarded it from the analysis).  The artifact was probably not even a spindle whorl because it only weighed 2.4 grams (not enough weight to maintain a spin).  Additionally, the inner diameter only measured .01 cm.  The spindle shaft diameter would be too thin for any sort of efficient spinning.  


All the Sinagua modeled whorls dated to the Pueblo II through to the Pueblo III periods.  The only site with an earlier date was a Kayenta multi-component site (Basketmaker III - Pueblo II).  Thus, I suspect Kent's (1957) ideas regarding Hohokam influence and expansion were correct.  

Stone Whorls


Seven stone whorls (3 did not have a site number) occurred within the MNA collections and only four were complete and had culture designations.  They were similar to the ceramic and wood whorls in shape but were lighter, thinner and smaller.  The average weight was 4.8 grams.  The mean thickness was .243 cm and the average outer diameter was only 3.863 cm.  The inner diameters were somewhat larger, having a mean of .523 cm.


Two of the stone whorls dated to the Basketmaker II and III periods and occured in the Kayenta Branch culture.  The inner and outer diameters, and the thickness all fell within the range of variation for the stone Hopi pump drills.  The two other stone whorls occurred at Wupatki and dated to the Pueblo III period.  The fourth one did not have a date.   


Teague (1996) documented the stone whorl distribution to post-A.D. 1000 southern Arizona occupations, as well as at Trincheras sites, west of the Santa Cruz river and south into northern Mexico (Teague 1996:246).

Functional Differences Between Each Material Type


To determine if each material type performed the same spinning function, I examined the relationships between all the possible combinations of material types and their associated variables (outer diameter, inner diameter, thickness and weight).  I used exploratory data analysis for pattern identification and the Mann-Whitney U test to determine statistical significance (See Appendix E for table of probability results).  


When interpreting the results it was necessary to look at the combination of variables that affected spinning function.  No one variable determined if the spinning function was the same.  The inner diameter was similar for the ceramic, wood disk and stone disk whorls.  The similarity suggests either (1) the whorls were used to spin similar fibers or (2) the spinning techniques were the same between each material type.  The ethnographic descriptions of ceramic, wood and stone disk whorls suggested all the material types were used in the horizontal, thigh supported technique.  As previously stated, I presumed the fiber type spun was cotton.  


The modeled whorl inner diameter was significantly smaller than the other material types (Figure 23).  The small modeled whorl inner diamter suggested the modeled whorls were used to spin different fibers or the spinning technique was different. The smaller, shorter spindle shafts associate with the vertical base, supported techniques (Teague 1996:239).  The smaller, shorter spindle shafts are also consistent with the ethnographic descriptions of modeled whorl spinning techniques.  In congruence with Teague's (1996) work on yarn specimens and whorl attributes, I do not suspect the difference represents




MATERIAL TYPE

Figure 23.  Boxplot of Inner Diameters by Material Type.


Whorl material type densities reflected differences in whorl weight.  The differences in the thickness and outer diameter illustrated the variation.  The whorl outer diameters were similar for the ceramic, wood and stone disk whorls (Figure 24).  



MATERIAL TYPE

Figure 24.  Boxplot of Outer Diameters by Material Type.

the spinning of different fibers.  The outer diameter, thickness and weight differences all suggested the modeled whorls were used for a different spinning technique.   However, the wood whorls were significantly lighter than the ceramic disk whorls (Figure 25).  



MATERIAL TYPE

Figure 25.  Boxplot of Weight by Material Type.

Yet, to compensate for the density differences (wood is lighter than ceramic) the thickness was not changed (Figure 26).  Thus, the lighter wood whorls were probably used to spin a finer yarn.



MATERIAL TYPE                        

Figure 26.  Boxplot of Thickness by Material Type.                                                                                                                                          


The density of the stone whorls is higher than the ceramic, disk whorls.  Consequently, to compensate for the difference the stone whorls were significantly thinner than the ceramic disk whorls (Figure 26).  The Mann-Whitney U test indicates the stone and ceramic disk whorls were roughly the same weight (See Appendix E).


A boxplot of the stone and wood weights (Figure 25) illustrated they too had more similar weights.  To compensate for the density differences between stone and wood whorls, the stone whorls were significantly thinner (Figure 26).  Thus, the stone and wood whorls probably produced the same size finer yarn. 

Variation Within Whorl Material Types


To test if any functional differences existed within each material type, I examined histograms of all the whorl attributes in an attempt to identify any modalities.  I tested all the possible modes using the Mann-Whitney U test (See Appendix E for table of probability results).


The stone disk whorl histograms suggested bimodality existed for the inner and outer diameters as well as for the weight (Figure 27).  However, the Mann-Whitney U test indicates the bimodality is only significant for the outer diameters.  The sample size was extremely small possibly skewing the statistics.  However, the larger stone disk whorls were not only thicker but had a larger inner diameter.  The bimodality could suggest a functional distinction existed between the two modes.  The larger whorls may have been used to create a thicker yarn.  


The ceramic and wood disk whorls have a clear bimodality for the thickness, inner and outer diameters (Figure 28 and 29).  The modalities suggest the production of at least two different yarn thicknesses.  The modeled whorls were significantly bimodal for the inner and outer diameters as well as for the weight (Figure 30).  Similar to the ceramic and disk whorls the bimodality possibly results from the production of two different yarn sizes or the respinning of single ply into dual ply yarns.  





Figure 27.  Histograms of the Weight, Thickness, Inner and Outer Diameters for the Stone Disk Whorls.





Figure 28.  Histograms of the Weight, Thickness, Inner and Outer Diameters for the Ceramic Disk Whorls.













Figure 29. Histograms of the Weight, Thickness, Inner and Outer Diameters for the Wood Disk Whorls.





Figure 30.  Histograms of the Weight, Thickness, Inner and Outer Diameters for the Modeled Whorls.










Temporal Whorl Variation by Material Type


Through extensive exploratory data analysis, I examined all the whorl attributes by material type through time.  The only noticeable pattern revealed that Pueblo II through Pueblo III wood whorl outer diameters and the Pueblo III wood whorls were statistically distinct at the .05 level (p=0.000).  The earlier whorls were smaller (Figure 31). 




Figure 31.  Boxplot of Wood Disk Whorl Outer Diameters by Time Period. (A comparison of the Pueblo II - Pueblo Period Kayenta Whorls to the Pueblo III Period Wupatki Whorls). 

Thus, the earlier whorls were possibly used to create a finer yarn.  The remainder of the analysis indicated that for each material type spinning technique or function did not significantly change through time.     

Whorl Variation Between Material Types Within Each Time Period


Understanding whorl variation within each time period at the regional scale revealed a general idea of the existent diversity.  The analysis entailed comparing boxplots of material types for each time period.  Using the Mann-Whitney U test, I examined if the material type distributions were significantly different (See Appendix E for table of probability results).

Pueblo II Period


Ceramic and modeled whorls were the only two material types present during the Pueblo II period.  The lack of wood whorls was possibly a product of the preservation biases.  The inner diameters of the modeled whorls were significantly smaller than the ceramic disk whorls (Figure 32).  The pattern supports the interpretation that the modeled whorls were used in a vertical base, supported spinning technique.  The thickness of the modeled and ceramic, disk whorls were inversely proportional to the outer diameters (Figure 32).  The ceramic disk whorls were larger and thinner whereas the modeled whorls were smaller and thicker.  The inverse relationship in conjunction with the similarity in weights suggested the same size thread or similar fibers were produced by each material type.

 Pueblo II through Pueblo III Period


Spindle whorls types increased in the material diversity during the Pueblo II through Pueblo III time period.  Ceramic and wood disk whorls as well as modeled whorls were present.  Unlike the overall regional sample, the Pueblo II through Pueblo III ceramic disk whorls were significantly thinner than the wood whorls.  However, they were not significantly larger.  Nonetheless, the wood whorls were significantly lighter in weight.  Thus, a lighter, thicker, smaller wood whorl and a slightly larger, thinner, heavier ceramic whorl suggested either the same size yarns were being produced or that similar fibers were under production.  The similarity of the inner diameter also insinuated  both were presumably used in a horizontal, thigh supported technique.  The slight variations in whorl attributes possibly represented differences in spinning technique or different stages of the production process.


Unlike the Pueblo II whorls, the Pueblo II through Pueblo III ceramic and modeled whorls represent two distinct size and weights (Figure 33).  The modeled whorls are heavier, thicker and smaller whereas the ceramic, disk whorls are lighter, thinner and larger.  Yet, the inner diameter were significantly similar.  Perhaps the different spinning techniques (horizontal thigh or vertical base) contributed to the different sizes and weights.  Yet, the similarity of the inner diameters indicated the same size yarn was under production.  





Figure 32. Boxplots of the Weight, Thickness, Inner and Outer Diameters for the Pueblo II Whorls by Material Type.





Figure 33. Boxplots of the Weight, Thickness, Inner and Outer Diameters for the Pueblo II-Pueblo III Period Whorls by Material Type.










A comparison of Pueblo II through Pueblo III modeled and wood whorls demonstrated that they represented two distinctly different spinning techniques (Figure 33).  

Pueblo III 


The Pueblo III period had all four material types present:  ceramic, wood, stone and modeled.  A comparison of ceramic and wood whorls demonstrated that ceramic, disk whorls were heavier and thicker yet smaller than wood whorls (Figure 34).  Thus, ceramic, disk whorls probably produced a thicker yarn.  A similarity of inner diameters supported the idea that they represented the same horizontal, thigh supported spinning technique or the spinning of similar fibers.  In congruence with the noncontemporaneous regional data, the ceramic, disk whorls were larger and thinner than the modeled whorls.  The two whorl type weights overlapped suggesting similar size yarns or fibers were under production.  Yet again, the smaller modeled whorl inner diameters further supported a difference between the thigh and vertical base, supported techniques (Figure 34).


The ceramic and stone whorls further agree with the noncontemporaneous patterns suggesting the inner and outer diameters are similar with the stone whorls slightly smaller (Figure 34).  However, the weights are similar.  The pattern suggests a more similar size yarn or the same fiber were under production. 


And finally,  a comparison of wood and modeled whorls indicated either the same fiber or similar yarn sizes were under production.  The similar inner diameters also supported my interpretation.  However, to compensate for the density differences of wood and ceramic (wood is lighter), the wood whorls were thinner and larger than the modeled whorls.





Figure 34.  Boxplots of the Weight, Thickness, Inner and Outer Diameters for the Pueblo III Whorls by Material Type.





Summary of Regional Data


Examining the data at the regional scale revealed a few interesting patterns.  The temporal and spatial analysis revealed that the earliest ceramic, wood, and modeled whorls on the Colorado Plateau dated to the Basketmaker III period and occurred in the Kayenta region.  It was not until the Pueblo II period that modeled whorls appeared in the Sinagua region.  The Pueblo III period was the first to contain all the whorl material types.



The functional analysis of each material type indicated that the ceramic, wood and stone disk whorls all represented the same spinning function.  The modeled whorls, on the other hand, were distinctly different with respect to physical properties.  The above evidence in conjunction with the ethnographic literature suggested the modeled whorls were used in a vertical base, supported technique whereas the ceramic, wood and stone disk whorls were used in a horizontal, thigh supported technique.  The similarities in the weights of all the material types verified that the ancient inhabitants were all predominantly spinning the same fiber type -- cotton.  


The functional analysis within whorl material types illustrated bimodalities in all the material types (stone, ceramic, wood and modeled) suggesting at least two size yarn thickness were produced.  I suspect the respinning of single ply yarns into dual ply yarns occurred based on the presence of the two size whorl types.


The temporal analysis by material type revealed that the earlier Pueblo II through Pueblo III period wood whorls were smaller than the later Pueblo III period whorls.  The smaller whorls were presumably used to create a finer or single ply yarn.    


To conclude, the temporal analysis between material types within each time period demonstrated that the functionally distinct ceramic and modeled whorls were the only material types present during the Pueblo II period.


Wood disk whorls were an addition to the Pueblo II through Pueblo III period assemblage.  The wood whorls were a lighter, thicker, smaller whorl and the ceramic disk whorls were slightly larger, thinner, and heavier.  The differences possibly represented a slight difference in spinning technique or different stages of the production process.  A comparison of the inner diameters insinuated the two material types were used for the same inferred horizontal, thigh supported spinning technique. 


The Pueblo II through Pueblo III period ceramic and modeled whorls represented two distinct sizes and weights.  Yet, their inner diameters were similar.  The different inferred spinning techniques may contribute to the size differences.  The similarity in the inner diameters could suggest the same size yarns were produced.   


The Pueblo III period had all the material types (ceramic, wood, modeled, stone) present in the sample.  In congruence with the noncomtemporaneous data, the ceramic, wood and stone whorl inner diameters were significantly larger than the modeled whorls.  I suspect the modeled whorls were used in a vertical base, supported spinning technique, whereas the others were used in a horizontal, thigh supported technique.  The ceramic, disk whorls appeared to produce a thicker yarn than the wood whorls.  Similarity in weights of the ceramic, stone, wood and modeled whorls suggested they were used to spin similar fiber types (cotton).    

Cultural Affiliation Analysis

Whorl Variation Within Cultures


To examine spindle whorl variation within cultures, I looked at boxplots of the whorl variables (weight, inner and outer diameters and thickness) by material type for each time period within the culture (See Appendix E for table of probability results).  

Pueblo II


Wupatki did not have any whorls representative of the Pueblo II period.  The Eastern, Winslow, and Kayenta Anasazi as well as the Cohonina cultures all had ceramic disk whorls representing the Pueblo II period.  Thus, no variation existed within each of the cultures.


The Sinagua had both ceramic and modeled whorls (Figure 35).  The ceramic, disk whorls were larger and thinner than the modeled whorls but their weights were similar.  The ceramic, disk whorls had significantly larger inner diameters than the modeled whorls.  The differences suggested that the modeled whorls were used in the vertical base, supported technique possibly to spin a finer thread.  However, the similarities in the weights indicated similar fibers were spun with each material type.  The above pattern was also present during the Pueblo II through Pueblo III and Pueblo III periods (Figure 36 & 37).  

Pueblo II through Pueblo III


The Cohonina did not have any whorls representative of the Pueblo II through the Pueblo III period.  The Eastern and Winslow Anasazi only had one ceramic whorl each.  The Kayenta Anasazi had ceramic, wood and modeled whorls present (Figure 38).  The ceramic, disk whorls were larger and thinner than the modeled whorls.  However, the latter differences only compensated for the density differences because the weights were similar.  The modeled whorls' inner diameters were smaller than the ceramic, disk whorls but did not illustrate statistical significance.  


The Kayenta ceramic, disk whorls were thinner and heavier than the wood whorls with a smaller inner diameter.  The variance possibly represents a difference in the production process.  The modeled whorls inner diameters were thinner than the wood whorls'.  The small diameter could represent the use of the modeled whorls in a vertical base, supported spinning technique.  Yet, due to the small number of modeled whorls (n=2) no conclusions are definitive.  

Pueblo III


No Cohonina or Winslow Anasazi whorls were representative of the Pueblo III period.  Only one Kayenta Anasazi ceramic whorl was present.  Wupatki had ceramic, wood and stone whorls present (Figure 39).  The ceramic, disk whorls were smaller and thicker than the wood whorls yet they weighed the same.  The wood whorls were larger and thicker than the stone whorls but again weighed the same.  The similarities of the inner diameters suggested they were all used for similar yarn production processes.      
Whorl Variation Between Cultures


To examine the spindle whorl variation between the different cultures, I looked at boxplots of each variable by material type by time period (Pueblo II, Pueblo II through Pueblo III, Pueblo III).  Next, I used the Mann-Whitney U significance test between each culture combination for each variable to determine if the whorls representative of each culture fell within each others range of variation.





Figure 35.  Boxplots of the Weights, Inner and Outer Diameters and the Thicknesses of Pueblo II Sinagua Whorls.






Figure 36.  Boxplots of the Weights, Inner and Outer Diameters and the Thicknesses of Pueblo II  to Pueblo III Period Sinagua Whorls.













Figure 37.  Boxplots of the Weights, Inner and Outer Diameters and the Thicknesses of Pueblo III Period Sinagua Whorls.





Figure 38.  Boxplots of the Weights, Inner and Outer Diameters and the Thicknesses of Pueblo II to Pueblo III Period Kayenta Anasazi Whorls.













Figure 39.  Boxplots of Weights, Inner and Outer Diameters and the Thicknesses of Pueblo III Wupatki Whorls.





Figure 40.  Boxplots of Weight, Inner and Outer Diameters, and Thickness of Pueblo II Period Ceramic Whorls.











For example, for the Pueblo II period ceramic disk whorls, I created boxplots for each variable by culture (Figure 40).  For the weight variable, I performed significance tests between the Cohonina ceramic, disk whorls and the Eastern Anasazi whorls, the Cohonina and the Kayenta whorls, the Cohonina and the Sinagua whorls.  I repeated the significance tests for each possible culture combination.  If the probability was less than .05, I rejected the null hypothesis.  The null hypothesis states, "The variables represent the same spinning function."  If the probability was greater than .05 than I accepted the null hypothesis.  The following sections summarize the results of the analysis (See Appendix E for table of probability results).

Pueblo II Period Ceramic Disk Whorls


Based on the boxplots and significance tests, all the Pueblo II ceramic disk whorls for each culture fell within the same range of variation (Figure 40).  I suspect the inhabitants of each culture were performing the same spinning technique.  However, the Eastern Anasazi inner diameters were significantly smaller than the Sinagua inner diameters.  The small Eastern Anasazi sample size (n=3) possibly produced the above pattern or the pattern could represent two different spinning techniques or two stages of production.  Based on the regional analysis, all the ceramic, disk whorls were presumably used in the horizontal, thigh supported spinning technique.  Thus, I suspect the difference was a result of the Eastern Anasazi small sample size.  

Pueblo II through Pueblo III Period Ceramic Disk Whorls


During the Pueblo II through Pueblo III period, the patterns suggest an increase in the differentiation between the Kayenta Anasazi and Sinagua ceramic disk whorls.  Sample sizes for the Eastern Anasazi and Winslow Anasazi were extremely low (n=1) therefore I excluded them from the analysis.  The Kayenta Anasazi ceramic disk whorls were significantly smaller, thinner and had a smaller inner diameter when compared to the Sinagua ceramic disk whorls (Figure 41).  I presume the Kayenta Anasazi were spinning a finer thread with the ceramic disk whorls than the Sinagua.  Perhaps the Sinagua modeled whorls of the Pueblo II through Pueblo III time period were used to spin the finer thread rather than the ceramic disk whorls.  

Pueblo III Ceramic Disk Whorls


The only significant difference illustrated for the Pueblo III ceramic disk whorls is between the Eastern Anasazi and the Sinagua and Wupatki cultures.  The Eastern Anasazi ceramic, disk whorls had a significantly smaller inner diameter again suggesting the whorls were used to spin a finer thread.  No wood or modeled whorls were found in the Eastern Anasazi area.  Perhaps Sinagua modeled whorls were used to spin the finer threads and the ceramic, disk whorls were used to spin the thicker threads.  

Pueblo II Modeled Whorls


The Sinagua culture was the only area with modeled whorls therefore I did not perform any significance tests.

Pueblo II through Pueblo III Modeled Whorls


The only two cultures containing modeled whorls during the Pueblo II through Pueblo III period were the Kayenta Anasazi and the Sinagua.  The Kayenta modeled whorls (n=2) were significantly lighter, smaller and had narrower inner diameters when compared to the Sinagua modeled whorls (n=17).  However, their thicknesses were comparable.  The Kayenta Anasazi sample size was too small to draw any conclusions.    
Pueblo III Modeled Whorls


The only Pueblo III modeled whorls came from the Sinagua culture.  

Pueblo II through Pueblo III Wood Disk Whorls


There were no wood whorls dating to the Pueblo II period.  The only Pueblo II through Pueblo III wood whorls came from the Kayenta Anasazi culture.

Pueblo III Wood Disk Whorls


The only wood whorls dating to the Pueblo III period came from the vicinity of Wupatki.

A Comparison of the Kayenta and Wupatki Wood Disk Whorls


Due to the scarcity of wood whorls, I compared the Pueblo II through Pueblo III period Kayenta wood whorls to the Pueblo III period Wupatki wood whorls.  The Kayenta whorls were smaller and thicker whereas the Wupatki whorls were larger and thinner (Figure 42).  Overall, their weights fell within the same range of variation.  However, the Wupatki whorls had a significantly narrower inner diameter suggesting the ancient Wupatki inhabitants were spinning a finer thread but this slight variation is difficult to detect in the archaeological record.  It could just represent individual preference (Teague, 1996 personal communication).  

Pueblo III Stone Disk Whorls


The only stone disk whorls with a temporal and cultural affiliation designition came from the vicinity of Wupatki.  

Temporal Whorl Variation Within Each Culture


The analysis examined variation of whorls within each culture spanning the Pueblo II through to the Pueblo III periods.  Using boxplots and the Mann-Whitney U significance test I explored each variable for each material type across the above time periods.  Not all the whorl material types were in each time period therefore I only analyzed the types present.  All the material types examined demonstrated that no significant change occurred in the methods of yarn production within each culture spanning the Pueblo II, Pueblo II through Pueblo III, and the Pueblo III periods (See Appendix E for table of probability results).

Summary of the Cultural Affiliation Analysis


Examining the whorl variation at the culture unit of analysis illustrated several robust patterns and numerous minor whorl variations.  Briefly, I summarize the results.


The whorl variation within each culture revealed a majority of the whorls had similar weights with variation in sizes and thicknesses.  The differences in the outer diameters and thicknesses were a product of the different material type densities.  The Sinagua modeled whorls always had smaller inner diameters suggesting their use in the vertical base, supported spinning technique.  Sinagua modeled whorl weights and inner diameters fell within the range of variation of Hohokam modeled whorls (Figure 43; [used Teague's 1996 dataset]).  The Sinagua whorls were slightly larger and thinner than the Hohokam whorls.  However, I suspect the two distributions represent the same spinning technique.  A closer examination of the modeled whorl forms (e. g., discoidal, biconical, pulley-shaped) in the Hohokam and Sinagua cultures needs future addressing.





Figure 41.  Boxplots of Weight, Inner and Outer Diameters, and Thickness of Pueblo II Period Ceramic Whorls.





Figure 42.  Boxplots of Weight, Inner and Outer Diameters, and Thickness of Kayenta and Wupatki Wooden Whorls.













Figure 43.  Boxplots comparing the weights, inner and outer diameters, and thickness of the Sinagua and Hohokam modelled whorls.






In contrast, the two Pueblo II through Pueblo III period Kayenta modeled whorls had larger inner diameters when compared to contemporaneous Kayenta ceramic, disk whorls.  The small sample size limited my ability to interpret the pattern.   


During all three time periods the Sinagua used both the modeled and ceramic, disk whorls.  Both material types had similar weights, suggesting the spinning of similar fibers.  Yet, the smaller modeled whorl inner diameters again insinuated the use of a vertical base, supported spinning technique possibly used for the production of finer threads.        


The only wood whorls came from Wupatki and the Kayenta Anasazi cultures.  The Wupatki whorls dated to the Pueblo III period, whereas the Kayenta whorls dated to the Pueblo II through Pueblo III period.  A comparison between the two cultures revealed that the Kayenta whorls were smaller and thicker than the large, thin Wupatki whorls.  The whorl weights were comparable.  However, the Wupatki inner diameters were significantly smaller suggesting a finer yarn was being spun.  


The analysis on whorl variation between cultures revealed one very robust pattern:  The Eastern, Winslow and Kayenta Anasazi and Wupatki and Cohonina all practiced the same yarn production methods using the ceramic, disk whorls.  The Sinagua used a similar production technique using the ceramic disk whorl.  The Sinagua also exclusively used the modeled whorl with the exception of two modeled whorls found in the Kayenta area.  The Sinagua modeled whorls had smaller inner diameters suggesting they were used in the vertical base, supported technique.  The ceramic, wood and stone whorls all appeared to be used in a horizontal, thigh supported technique.  


The temporal whorl variation within each culture analysis demonstrated that no significant changes in yarn production methods occurred within each culture through time. 


Exploring the data at the culture unit of analysis revealed the existence of two distinct yarn production groups with small degrees of variation within each culture.  The Cohonina, Eastern, Winslow and Kayenta Anasazi, and Wupatki were one production group and the Sinagua was the other.  Each shared similar spinning techniques with minor amounts of variation within each group.  The latter summary reviews some of the minor variation. 

CHAPTER 6

ANCIENT SPINNING ON THE COLORADO PLATEAU

Social Process and Cultural Tradition


My research sought to understand the temporal, geographic and functional variation of spindle whorls originating from northeastern Arizona on the Colorado Plateau.  Additionally, it identified the existence of two post-A.D. 1000 yarn production groups consisting of 1) the Kayenta, Eastern, and  Winslow Anasazi, the Cohonina and Wupatki cultures, and 2) the Sinagua (Figure 44).  This chapter explores the social processes that contribute to the existence of two specialized, spinning production groups.


The two specialized, spinning production groups are composed of one or many previously defined archaeological cultures.  My investigation of spinning at the culture unit of analysis examines craft specialization at a very gross scale.  A lack of specific cultural contexts for the spindle whorls limits my ability to understand the nature of social organization within each culture.  I was unable to ascertain the context, concentration, scale and intensity of craft production.  Consequently, a determination of  the type and degree of cotton yarn specialization was impossible.  However, the existence of two specialized production groups insinuates an economic connection existed within and between the groups identified.       

The Mesoamerican ethnographic descriptions and archaeological studies (Cordry and Cordry 1968; Hirth and Smith 1988; O'Neale 1945) of modeled whorl use in combination with the results of my analysis suggest that the post-A.D. 1000 modeled whorls were used in the vertical base, supported spinning technique.  The Southwestern ethnographies in conjunction with my results indicate that the wood, ceramic, and stone disk whorls were used in a horizontal thigh, supported spinning technique.


The ceramic disk whorls correlated with all the cultures, and the wood and stone disk whorls associated with the Kayenta Anasazi and Wupatki.  During the Pueblo II period a marked boundary

Figure 44.  Spatial Distribution of Production Groups by Cultural Affiliation.

existed between the Sinagua and the other cultures.  The Sinagua used modeled whorls in addition to the ceramic disk whorls whereas the other cultures continued to use the disk whorls.  The post-A.D. 1000 pattern of spindle whorl distribution on the Plateau in northeastern Arizona illustrates two spinning production groups.  A distinct boundary existed between the Sinagua's discrete use of the modeled whorl in the vertical base, supported technique and the widespread use of a horizontal, thigh supported technique for the northern cultures and the Cohonina.  The following section describes the social processes leading up to the post-A.D. 1000 pattern and reconstruct the social context surrounding yarn and textile production.   


Why do the ancient inhabitants of the Sinagua region choose the technologically distinct vertical base, supported technique after A.D. 1000?  The modeled whorls are commonly found on post-A.D. 1000 west Mexican coast, and southern Arizona sites, and areas directly influenced by the Hohokam (the Verde Valley, Prescott and the Flagstaff area) (Kent 1957).  Kent (1957) suggested the presence of the modeled whorls in the Sinagua region was a product of diffusion from the south -- a Hohokam trait in the Sinagua region.     


Kent (1957) and many others (Colton 1932, 1936, 1937; McGregor 1936, 1937, 1941, 1965; Schroeder 1961, 1975, 1977; and Stanislawski 1963) have traditionally used the migration model to  interpret the southern traits in the Sinagua culture.  The early culture historians' primary goal was to create lists of the southern traits in the Flagstaff and Verde Valley regions (McGregor 1941).


Fish et al. (1980) noted the need to expand the cultural historian aim by understanding "the social contexts of traits and their changes through time" (1980:151).  In attempt to reach the processual goal, the authors created a large table documenting the time period in association with southern traits such as Hohokam style structures, ballcourts, mounds, irrigation features, Hohokam ceramic types and forms, spindle whorls, and numerous other Hohokam exotics (e. g., human figurines, beads, pendants, frogs, animals, mosaics, argillite, copper bells, nose plugs, palettes, shell, and basalt cylinders).  A majority of the Flagstaff sites examined were larger multiroom pueblos.


The authors (Fish et al. 1980) concluded that the early exotic items came to the area via expeditionary trade.  Expeditionary trade entails "travel for the purpose of trading with the resource procurers or may entail extraction of a localized raw material by the expedition members themselves" (Fish et al. 1980:169).  Eventually, the sites with ball courts and a Hohokam style structure were interpreted as large trade centers.  They suggested the Hohokam structures were the homes of resident full-time trading specialists (Fish et al. 1980:171).  The authors recognized the Sinagua as a chiefdom with a four tier settlement hierarchy.  The trade centers were at the top of the hierarchy and the numerous field houses were at the bottom.    


Kamp and Whittaker (1990) chose to examine the smaller sites of the settlement hierarchy.  Surprisingly, they found the same percentages of exotic trade goods at the smaller sites.   The small percentages of exotic items in combination with the lack of any significant storage facilities at the larger sites led Kamp and Whittaker (1990) to reject the chiefdom model.  They recognized the existence of multi-village communities and integrative ballcourt structures.  However, they proposed the Sinagua social organization was "a fairly egalitarian system with an emphasis on flexibility in both subsistence and social strategies" (1990:19).


An examination of the sites containing modeled whorls in combination with other Hohokam traits revealed a similar pattern to the Kamp and Whittaker (1990) study.  Only two of the sites with a ballcourt (Winona and Ridge Ruin) and one with a Hohokam structure (Winona) had modeled whorls.  Yet, the percentages of whorls at the larger centers were only slightly higher than the remaining smaller centers.  Moreover, many of the sites with modeled whorls were not contemporaneous and spanned a 200 year period.  Thus, I agree with Kamp and Whittaker's (1990) conclusion that the Sinaguans were not necessarily supporting full-time craft specialists.  


The modeled whorls found in the Flagstaff area do suggest the existence of site and/or community yarn specialization.   The narrow range of sizes indicates the Sinagua were producing specific yarn types (Teague 1996).  I agree that the modeled whorl technology originated from the south because the forms of the modeled whorls in the Sinagua and Hohokam areas are so similar.   I think, however, that yarn production occurring in the Sinagua area was the product of local artisans.  All of the material culture in the area indicates a southern influence, but not necessarily a southern presence.  Sinagua area pottery with Hohokam styles were clearly replicated but were often poorly executed.  Thus, social relations with the south appear more fluid with respect to yarn technological ideas when compared to the northern Plateau cultures.  However, the Sinagua appear to have their own ethnic identity in relation to the production of cotton yarn.       


The post-A.D. 1000 pattern of the widespread use of a horizontal, thigh supported technique for the northern cultures and the Cohonina appears the result of in situ development.  Thus, the social processes leading up to the pattern had a quite different trajectory from the model proposed for yarn production in the Sinagua culture.  


Handspinning of thread and cordage dates back to the Basketmaker periods on the Plateau.  Guernsey (1931) reported the presence of a crossbar spindle at a Tsegi Canyon site, dating to the Basketmaker III period.  A crossbar spindle consists of two sticks "bound together in the form of a cross" (Guernsey 1931:82-83).  Guernsey (1931) found a crossbar spindle directly associated with "a hank of human hair and a small amount of hair-cord in the process of making" (Guernsey 1931:82-83).  The crossbar spindle is a type of drop spindle.  The spinner begins the twist in midair and then drops the spindle downward as it continues to rotate.  Before starting the twist, the spinner coils the human hair around the long shaft of the cross.  Thus, the crossbar spindle suggests knowledge of spinning using a spindle was in place early on the Plateau.  


The earliest spindle whorls from the MNA sample date to the Basketmaker III period and are from the Kayenta Anasazi area.  A modeled, stone, ceramic and two wood disk whorls all date to the Basketmaker III period.  The modeled and stone whorls' inner and outer diameters, and thickness all fell within the range of variation of a Hopi ethnographic sample of pump drills.  The ceramic and wood disk whorls fell into the range of variation for all the other disk whorls in the sample.  The early presence of ceramic and disk whorls in combination with Kent's (1957), Mager's (1986) and Teague's (1996) work all suggest spinning using the horizontal, thigh supported technique via the wood and ceramic disk whorls co-occurred with the Basketmaker III cross-bar drop spindle in the Kayenta area.  The MNA sample did not exhibit any other Basketmaker III period sites.


The Pueblo I period was poorly represented in the MNA sample (PI = 2 sites; PI-PII = 3 sites).  However, the excellent representation of the Pueblo II to Pueblo III period sites indicates the continuity of the horizontal, thigh supported spinning technique from the Basketmaker III period and the loss of the cross-bar drop spindle.  Yet, the lack of the cross-bar drop spindle could be a product of preservation bias.            


The post-A.D. 1000 widespread use of the horizontal, thigh supported technique dated back to the Basketmaker III period in the Kayenta culture.  None of the other cultures had sites that dated to the Basketmaker III period.  Thus, I cannot assume all the northern cultures underwent the same in situ development of the horizontal, thigh supported technique.  Nonetheless, their post-A.D. 1000 spindle whorl assemblage all contained whorls used in a horizontal, thigh, supported technique and none were used in the vertical base, supported technique. 


The Cohonina culture only had ceramic disk whorls that dated to the Pueblo II period.  However, I suspect their cultural traditions were more closely tied to the Kayenta Anasazi than to the Hohokam.  The local ceramic styles dating to the Pueblo II period all replicate Kayenta Black-on-white designs (Samples 1996, personal communication; Wilcox 1993).  Additionally, a four to one ratio of intrusive Kayenta Anasazi Tusayan Black-on-white ceramics exists on a majority of the datable sites in the Sitgreaves region of the Cohonina culture (Samples 1996, personal communication).  Thus, the ceramics suggest that a strong tie existed between the Cohonina and Kayenta Anasazi.  I presume the spinning technology was another common thread tying the two regions together.  Nonetheless, during the Pueblo II period all the cultures on the Plateau were using the ceramic disk whorls in a similar technique.  The lack of modeled whorls in the Cohonina region supports the contention that they were not sharing the southern Sinagua yarn specialization technology.


I also argue that the Eastern and Winslow Anasazi and the Wupatki spinning traditions were more closely related to the Kayenta tradition following the same lines of evidence presented for the Cohonina.  Wilcox (1993) and Burchett (1990) both propose the Wupatki inhabitants were a southern Kayenta people.  My conclusions regarding the spinning techniques supports the idea that Wupatki inhabitants shared similar cultural traditions with the Kayenta Anasazi.       


Folb's (1996) textile work also supported an in situ development of textile structures in the overall northern Anasazi culture.  The earliest yucca and agave basketry used a twill structure as did the later Basketmaker through Pueblo III period cotton textiles (Folb 1996, personal communication).  The later Puebloan periods just elaborated on the structures they were most familiar with -- the twill structure.  A combination of textile and yarn production evidence suggests the Kayenta Anasazi culture had a deep rooted spinning and weaving tradition that spanned 800 years.     


The post-A.D. 1000 pattern of horizontal, thigh supported spinning methods and the vertical base, supported spinning technique on the Colorado Plateau represents the results of two very different social trajectories.  The Sinagua vertical base, supported technique using the modeled whorls finds its initial influences from the south, however, the ancient inhabitants had a salient social identity dependent on their textile and yarn production methods.  The northern cultures, particularly the Kayenta Anasazi, had developed the use of a cross-bar spindle along with the horizontal, thigh supported spinning techniques during the Basketmaker III period.  Thus, the Pueblo II to Pueblo III period pattern represents a deep rooted 800 year cultural tradition that would go unchanged until the ethnographic present.  The two styles of spinning techniques convey and signify cultural identity for the two spinning production groups. 


My research on prehistoric spindle whorls revealed distinct patterns delimiting ancient spinning cultural traditions during a period of significant sociopolical reorganization.  The Pueblo II through to the Pueblo III periods represent a time when local and regional ethnic group membership played a primary role for inter- and intraregional interactions.  The similar spinning methods of the Kayenta, Eastern, and Winslow Anasazi, Cohonina and Wupatki illustrates the deep rooted cultural tradition that connects the archaeologically defined cultures together.  The abundance of modeled whorls on Sinagua sites suggests a certain degree of indigenous community and/or site yarn specialization as well as supports the existence of ties to the southern spinning traditions.  My work not only adds to the minimal spindle whorl research for the Plateau but also provides another line of evidence for the existence of shared cultural traditions within and between the archaeologically defined cultures.  

Proposed Future Research


Proposed research to further our understanding of yarn production on the Plateau involves differences of scale and context.  My research provided the groundwork at the regional and culture units of analysis.  The next step would involve identifying all the cultural contexts of the spindle whorls and examining their spatial distribution within communities and sites.  The cultural contexts would be defined by the architectural and/or feature as well as by the content of the association.  Particularly, an examination of other textile manufacturing tools and products would facilitate more discussion regarding the complete suite of yarn and textile production activities.  Questions addressing the organization of production at the site and community levels would enable a more accurate estimation of sociopolitical complexity in reference to craft specialization. 


Moreoever, research designs focusing on gender and its relationship to textile and yarn production would prove productive.  To fully comprehend the social organization or social context of textile and yarn production the archaeologist must consider the role of gender via sexual division of labor.  "Sexual division of labor has been observed in virtually every ethnographic account of known cultures; there is no conceivable reason to assume that sexual division of labor did not exist during the prehistoric period in the Southwest"  (Geib et al. 1993).  


The period under scrutiny, the late Pueblo II period to the early Pueblo III period, represents an agricultural transition from a food-based system to an industrial product-based system.  The early pueblo farmers balanced their gardening activities between the primary corn-beans-squash farming practices and cotton cultivation.  The changing economy and subsistence ultimately led to the creation of new roles "(perhaps along gender lines) for both men and women" (Geib et al. 1993).


To more accurately interpret gender-specific activities and their associated symbolic meanings, archaeological research must draw from multiple lines of evidence:  archaeological and osteological -- artifacts and spacial patterning, ethnohistoric data, and current indigenous perspectives.  The interplay of evidence in conjunction with ethnographic analogues helps identify activity areas possibly associated with men and women.


The ethnographic works of Spier (1924) and Stevenson (1987[1904]) at Zuni aid in the identification of sex-linked activities and activity-associated work spaces.  Spier and Stevenson's ethnographic works serve as the premise for understanding the roles of men and women in textile and yarn production on the Colorado Plateau.  I realize ancient Southwestern communities underwent extensive changes from the analyzed periods to the documentation of the ethnographic accounts.  Yet, considerable cultural continuity connects modern (historic) communities with the ancient communities.  Perhaps the gender roles associated with textile manufacture did not drastically change.  

  
Some of the following ethnographic accounts demonstrate the rich source of data that is underutilized regarding gender-related studies.  Spier (1924) noted how the Zuni men were the primary weavers at the time of conquest.  Yet, in 1924, women dominated the "sex-limited technique" (Spier 1924:78).  Men had considerable knowledge regarding weaving and spinning, often demonstrating their skills.  Yet, men limited their demonstrations to the spinning of ixtli, cotton and wool yarn.  Only occasionally did they sit down and weave at the loom.  Alternatively, Hopi and Santa Clara pueblo men are the principal weavers and spinners.  How did the roles develop and what do they mean?


Matilda Cox Stevenson's 1882 observation of the preparing of cotton for the kiva loom at Shimopavi, Hopi documented males as the primary weavers of ritual items or religious power.  By inference do men possess the power while performing rituals?  An in-depth look at the literature may reveal some interesting implications.  Were the women excluded from spinning ritually charged objects?  Can we find archaeological evidence to support some of the above notions?


Castetter, Bell and Grove (1938) discuss how it takes two Northeastern Yavapai men to spin mescal-fiber string.   Alternatively, the authors document how spinning kiâhâ thread made from agave was a "social event among Pima women" (1938).  The Pima may not be the best ethnnographic analog for understanding the ancient puebloan peoples.  Yet, the observation is one to explore in the ethnographic puebloan literature.  Overall, the role of the weavers and spinners was extremely important to the acceptance, maintenance and continuation of the ancient Southwestern societies.  


 An examination of the ethnographic literature could aid in attempts to engender the new activities associated with the shift in the early pueblo economy.  Some of the tasks might include:  field preparation; seed soaking; planting; tending and maintenance; cultivation; if an early frost -- cut plants and carry to pueblo; if normal frost -- pull off bolls and carry to pueblo; dry bolls; separate seeds and fiber from bolls; seed storing for future plantings; seed roasting for consumption; the fiber was either traded, used in a burial, or beaten and straightened for spinning preparation; the thread was either dyed and then traded or simply traded; the thread was often twisted into cordage that was either traded, used at home or for ceremonies; or the thread was woven or sewn (Magers 1975:41).


Based on the ethnographic literature, many of the above activities occurred in either a male-dominated or a female-dominated sphere.  "The spacial distribution of tools and their association with particular tasks may help to correlate activities with gender" (Geib et al. 1993).  Future research should examine the intra-site spatial patterning of tools in conjunction with architectural layouts and other artifactual evidence that may aid in discerning if the task was indeed gender-specific.  By using the latter approach the archaeologist provides an integrated current, historic and prehistoric perspective for us to better understand the role of textiles and their producers in the past.  


In addition to the above gender-related study, an inspection of the symbolic meaning associated with the materials spun aids in reconstructing the social context within which the craft production occurred.  By examining both the weavers' technology and their individual roles as well as the roles of the material spun, the archaeologist can attempt to gain a more comprehensive picture of ancient pueblo weaving.  A study of artifact spatial relationships, as well as the symbolic meaning derived from the ethnographic literature, could aid in the reconstruction of spindle whorl production and its associated activities. 


Symbolic approaches (Hodder 1986; Geertz 1973) easily transfer to an analysis directed toward understanding how the act of crafting or the transformation of fiber into cloth plays a significant symbolic role in society.  In ethnographic accounts, Stevenson (1987 [1904]) found that the cotton plant symbolizes white clouds in the Zuni religion (Stevenson 1915) and often occurs in symbolic contexts with the rain-making gods.  Thus, research needs to address the symbolism as a "contextual clue" (Hodder 1987) to fully understand the social context of cloth production.  Future work should attempt to reconstruct the symbolic meaning structure within which craft production occurred on the Colorado Plateau.  Data to aid in the endeavor include the use of ethnographic accounts in conjunction with the spatial patterning of textile-producing tools.


To add to the present study, future research should attempt to fully reconstruct the social context associated with textile and yarn production.  Noting and examining the presence of spindle whorls and other associated tools in their spatial and social context will contribute to a fuller understanding of the social organization, gender and symbolic meaning associated with cotton textile and yarn production on the Plateau.  
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APPENDIX A

COTTON CULTIVATION, 

PROCESSING AND PRODUCTION

Table 1. Cotton Cultivation on the Colorado Plateau - Frequency of Sites per Time Period with Particular Cotton Associated Items Present

	
	BM

(3)
	BM or P

(1)
	BMII

(2)
	BMIII

(6)
	PI

(2)
	PII

(11)
	PIII

(61)
	PIV

(10)
	PV

(1)

	Cotton  Seed
	0
	0
	0
	1
	1
	1
	4
	1
	0

	Cotton Bolls
	0
	0
	0
	1
	0
	0
	0
	0
	0

	Cotton Fiber
	0
	0
	0
	0
	1
	2
	4
	0
	0


Table 2.  Cotton Cultivation on the Colorado Plateau - Raw Data (compiled from Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996)

	Site
	Cultural Period
	Cotton Seed
	Cotton Bolls
	Cotton Fiber

	Antelope House
	BMIII
	Y
	Y
	N

	Antelope House
	PI
	Y
	N
	Y

	Antelope House
	PII
	Y
	N
	Y

	Antelope House
	PIII
	Y
	N
	Y

	Awatovi
	PIV
	N
	N
	N

	Aztec
	PIII
	Y
	N
	Y

	Bat Woman House, Tsegi Canyon
	PIII
	N
	N
	N

	Bc 51, Chaco Canyon
	PII
	N
	N
	N

	Bc 51, Chaco Canyon
	PIII
	N
	N
	N

	Betatakin
	PIII
	N
	N
	N

	Black Creek LA #1521
	PIII
	N
	N
	N

	Broken Fluke Cave
	BMII
	N
	N
	N

	Broken Roof Cave
	BMIII
	N
	N
	N

	Canyon de Chelly
	PIII
	N
	N
	N

	Canyon del Muerto
	PIII
	N
	N
	N

	Cave Town Ruin, Nitsie Canyon
	PIII
	N
	N
	N

	Cedar House, Tsegi Canyon
	PIII
	N
	N
	N

	Chaco Canyon
	PII
	N
	N
	N

	Chaco Canyon
	PIII
	N
	N
	N

	Chetro Ketl
	PII
	N
	N
	N

	Chetro Ketl
	PIII
	N
	N
	N

	Chilchintaboko, Nitsie Canyon
	PIII
	N
	N
	N

	Deadman's Drainage NA 998
	PII
	N
	N
	N

	Deer Track Canyon
	BM or P ?
	N
	N
	N

	Eagle's Nest, Tsegi
	PIII
	N
	N
	N

	Floating House
	PII
	N
	N
	N

	Forbidden Canyon
	PIII
	N
	N
	N

	Ford House Ruin
	PIII
	N
	N
	N

	Gold Tooth/Buttress Canyon
	PIII
	N
	N
	N

	Gourd Cave
	PIII
	Y
	N
	Y

	Grand Canyon
	
	N
	N
	Y

	Grand Gulch
	PIII
	N
	N
	N

	Hagoe, Cliff Houses #5 and #6
	PIII
	N
	N
	N

	Hawikuh
	PIV
	N
	N
	N

	Hawikuh
	PV
	N
	N
	N

	Hidden House
	PIII
	N
	N
	N

	Honanki
	PIII
	N
	N
	N

	Honanki
	PIV
	N
	N
	N

	Hospitibito Canyon
	PIII
	N
	N
	N

	Inscription House, small ruin
	BMIII
	N
	N
	N

	Juniper Terrace, NA 1814 F
	PIII
	N
	N
	N

	Kawaika-a
	PIV
	Y
	N
	N

	Kayenta Area
	PIII
	N
	N
	N

	Kiet Siel
	PIII
	N
	N
	N

	Kinboko Canyon, Ruin A
	PIII
	N
	N
	N

	Kinnikinnick
	PIII
	N
	N
	N

	Kinnikinnick
	PIV
	N
	N
	N

	Kintiel (Wide Ruin)
	PIII
	N
	N
	N

	Kokopnyama
	PIV
	N
	N
	N

	Laguna Creek "Cornfields"
	PIII
	N
	N
	N

	Lake Canyon
	PIII
	N
	N
	N

	Lenaki, Tsegi Canyon
	PIII
	N
	N
	N

	Little Kiet Siel, Nitsie Canyo
	PIII
	N
	N
	N

	Marsh Pass, Cliff House #8
	PIII
	N
	N
	N

	Medicine Cave, NA 863
	PII
	N
	N
	N

	Mesa Verde
	PIII
	N
	N
	N

	Montezuma Castle
	PIII
	N
	N
	N

	Montezuma Castle
	PIV
	N
	N
	N

	Monument Valley, Ruin #4
	PIII
	N
	N
	N

	Mummy Cave
	PIII
	N
	N
	N

	Navajo National Monument
	PIII
	N
	N
	N

	Nitsie Canyon
	PIII
	N
	N
	N

	Oak Creek Canyon
	PIII
	N
	N
	N

	Oak Creek Canyon
	PIV
	N
	N
	N

	Obelisk Cave
	BMII
	N
	N
	N

	Olla House (Cliff House #7, La
	PIII
	N
	N
	N

	Painted Cave
	PIII
	Y
	N
	Y

	Palaki
	PIV
	N
	N
	N

	Pinedale
	PIII
	N
	N
	N

	Pinedale
	PIV
	N
	N
	N

	Poncho House
	PIII
	N
	N
	N

	Pueblo Bonito
	PII
	N
	N
	N

	Pueblo Bonito
	PIII
	N
	N
	N

	San Francisco Mountain Area
	PII
	N
	N
	Y

	Sayodneechee, Cliff House #2
	PIII
	N
	N
	N

	Sunflower Cave, Marsh Pass
	PIII
	N
	N
	N

	Terrace House Ruin, Tsegi Can
	PIII
	N
	N
	N

	Tsegi Canyon
	PIII
	N
	N
	N

	Tsegi Canyon, Cave #1, Grave 1
	PI
	N
	N
	N

	Tsegi Canyon, Cave #1, Room n
	BMIII
	N
	N
	N

	Tsegi Canyon, Cave #2
	PIII
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	BM
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	PIII
	N
	N
	N

	Tseh So, Chaco Canyon
	PII
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	BM
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	PIII
	N
	N
	N

	Twin Caves, Tsegi Canyon
	PIII
	N
	N
	N

	Two Mummy Ruin, Nitsie Canyon
	PIII
	N
	N
	N

	Vandal Cave
	BMIII
	N
	N
	N

	Vandal Cave
	PIII
	N
	N
	N

	Walnut Canyon
	PII
	N
	N
	N

	Walnut Canyon
	PIII
	N
	N
	N

	Waterfall Ruin
	BMIII
	N
	N
	N

	Waterfall Ruin
	PIII
	N
	N
	N

	White Dog Cave
	BM
	N
	N
	N

	White House
	PIII
	N
	N
	N

	Wupatki
	PIII
	Y
	N
	Y

	Zele Cave
	PIII
	N
	N
	N


Table 3.  Cotton Processing on the Colorado Plateau - Frequency of Sites per Time Period with Particular Cotton Associated Items Present

	
	BM

(3)
	BM or P

(1)
	BMII

(2)
	BMIII

(6)
	PI

(2)
	PII

(11)
	PIII

(61)
	PIV

(10)
	PV

(1)

	Cotton  Seed
	0
	0
	0
	1
	1
	1
	4
	1
	0

	Seed Beaters
	0
	0
	0
	0
	0
	0
	1
	0
	0

	Cotton Fiber
	0
	0
	0
	0
	1
	2
	4
	0
	0


Table 4.  Cotton Processing on the Colorado Plateau - Raw Data (compiled from Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996)

	Site
	Cultural Period
	Cotton Seed
	Seed Beaters
	Cotton Fiber

	Antelope House
	BMIII
	Y
	N
	N

	Antelope House
	PI
	Y
	N
	Y

	Antelope House
	PII
	Y
	N
	Y

	Antelope House
	PIII
	Y
	N
	Y

	Awatovi
	PIV
	N
	N
	N

	Aztec
	PIII
	Y
	N
	Y

	Bat Woman House, Tsegi Canyon
	PIII
	N
	N
	N

	Bc 51, Chaco Canyon
	PII
	N
	N
	N

	Bc 51, Chaco Canyon
	PIII
	N
	N
	N

	Betatakin
	PIII
	N
	N
	N

	Black Creek LA #1521
	PIII
	N
	N
	N

	Broken Fluke Cave
	BMII
	N
	N
	N

	Broken Roof Cave
	BMIII
	N
	N
	N

	Canyon de Chelly
	PIII
	N
	N
	N

	Canyon del Muerto
	PIII
	N
	N
	N

	Cave Town Ruin, Nitsie Canyon
	PIII
	N
	N
	N

	Cedar House, Tsegi Canyon
	PIII
	N
	N
	N

	Chaco Canyon
	PII
	N
	N
	N

	Chaco Canyon
	PIII
	N
	N
	N

	Chetro Ketl
	PII
	N
	N
	N

	Chetro Ketl
	PIII
	N
	N
	N

	Chilchintaboko, Nitsie Canyon
	PIII
	N
	N
	N

	Deadman's Drainage NA 998
	PII
	N
	N
	N

	Deer Track Canyon
	BM or P ?
	N
	N
	N

	Eagle's Nest, Tsegi
	PIII
	N
	N
	N

	Floating House
	PII
	N
	N
	N

	Forbidden Canyon
	PIII
	N
	N
	N

	Ford House Ruin
	PIII
	N
	N
	N

	Gold Tooth/Buttress Canyon
	PIII
	N
	N
	N

	Gourd Cave
	PIII
	Y
	N
	Y

	Grand Canyon
	
	N
	N
	Y

	Grand Gulch
	PIII
	N
	Y
	N

	Hagoe, Cliff Houses #5 and #6
	PIII
	N
	N
	N

	Hawikuh
	PIV
	N
	N
	N

	Hawikuh
	PV
	N
	N
	N

	Hidden House
	PIII
	N
	N
	N

	Honanki
	PIII
	N
	N
	N

	Honanki
	PIV
	N
	N
	N

	Hospitibito Canyon
	PIII
	N
	N
	N

	Inscription House, small ruin
	BMIII
	N
	N
	N

	Juniper Terrace, NA 1814 F
	PIII
	N
	N
	N

	Kawaika-a
	PIV
	Y
	N
	N

	Kayenta Area
	PIII
	N
	N
	N

	Kiet Siel
	PIII
	N
	N
	N

	Kinboko Canyon, Ruin A
	PIII
	N
	N
	N

	Kinnikinnick
	PIII
	N
	N
	N

	Kinnikinnick
	PIV
	N
	N
	N

	Kintiel (Wide Ruin)
	PIII
	N
	N
	N

	Kokopnyama
	PIV
	N
	N
	N

	Laguna Creek "Cornfields"
	PIII
	N
	N
	N

	Lake Canyon
	PIII
	N
	N
	N

	Lenaki, Tsegi Canyon
	PIII
	N
	N
	N

	Little Kiet Siel, Nitsie Canyo
	PIII
	N
	N
	N

	Marsh Pass, Cliff House #8
	PIII
	N
	N
	N

	Medicine Cave, NA 863
	PII
	N
	N
	N

	Mesa Verde
	PIII
	N
	N
	N

	Montezuma Castle
	PIII
	N
	N
	N

	Montezuma Castle
	PIV
	N
	N
	N

	Monument Valley, Ruin #4
	PIII
	N
	N
	N

	Mummy Cave
	PIII
	N
	N
	N

	Navajo National Monument
	PIII
	N
	N
	N

	Nitsie Canyon
	PIII
	N
	N
	N

	Oak Creek Canyon
	PIII
	N
	N
	N

	Oak Creek Canyon
	PIV
	N
	N
	N

	Obelisk Cave
	BMII
	N
	N
	N

	Olla House (Cliff House #7, La
	PIII
	N
	N
	N

	Painted Cave
	PIII
	Y
	N
	Y

	Palaki
	PIV
	N
	N
	N

	Pinedale
	PIII
	N
	N
	N

	Pinedale
	PIV
	N
	N
	N

	Poncho House
	PIII
	N
	N
	N

	Pueblo Bonito
	PII
	N
	N
	N

	Pueblo Bonito
	PIII
	N
	N
	N

	San Francisco Mountain Area
	PII
	N
	N
	Y

	Sayodneechee, Cliff House #2
	PIII
	N
	N
	N

	Sunflower Cave, Marsh Pass
	PIII
	N
	N
	N

	Terrace House Ruin, Tsegi Can
	PIII
	N
	N
	N

	Tsegi Canyon
	PIII
	N
	N
	N

	Tsegi Canyon, Cave #1, Grave 1
	PI
	N
	N
	N

	Tsegi Canyon, Cave #1, Room n
	BMIII
	N
	N
	N

	Tsegi Canyon, Cave #2
	PIII
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	BM
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	PIII
	N
	N
	N

	Tseh So, Chaco Canyon
	PII
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	BM
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	PIII
	N
	N
	N

	Twin Caves, Tsegi Canyon
	PIII
	N
	N
	N

	Two Mummy Ruin, Nitsie Canyon
	PIII
	N
	N
	N

	Vandal Cave
	BMIII
	N
	N
	N

	Vandal Cave
	PIII
	N
	N
	N

	Walnut Canyon
	PII
	N
	N
	N

	Walnut Canyon
	PIII
	N
	N
	N

	Waterfall Ruin
	BMIII
	N
	N
	N

	Waterfall Ruin
	PIII
	N
	N
	N

	White Dog Cave
	BM
	N
	N
	N

	White House
	PIII
	N
	N
	N

	Wupatki
	PIII
	N
	N
	N

	Zele Cave
	PIII
	N
	N
	N


Table 5. Yarn Production on the Colorado Plateau (pre-Neff thesis) - Frequency of Sites per Time Period with Particular Cotton Associated Items Present

	
	BM

(3)
	BM or P

(1)
	BMII

(2)
	BMIII

(6)
	PI

(2)
	PII

(11)
	PIII

(61)
	PIV

(10)
	PV

(1)

	Whorls
	0
	0
	0
	1
	0
	2
	9
	0
	0

	Spindle Shafts
	0
	0
	0
	0
	0
	0
	2
	0
	0

	Cross-Bar Spindles
	0
	0
	0
	1
	0
	0
	0
	0
	0

	Cotton Thread
	0
	0
	0
	0
	0
	3
	5
	0
	0


Table 6. Yarn Production on the Colorado Plateau - Raw Data (compiled from Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996)

	Site
	Cultural Period
	Whorls
	Spindle Shafts
	Cross-Bar Spindles
	Cotton Thread

	Antelope House
	BMIII
	N
	N
	N
	N

	Antelope House
	PI
	N
	N
	N
	N

	Antelope House
	PII
	Y
	N
	N
	N

	Antelope House
	PIII
	Y
	Y
	N
	N

	Awatovi
	PIV
	N
	N
	N
	N

	Aztec
	PIII
	Y
	N
	N
	Y

	Bat Woman House, Tsegi Canyon
	PIII
	N
	N
	N
	N

	Bc 51, Chaco Canyon
	PII
	N
	N
	N
	N

	Bc 51, Chaco Canyon
	PIII
	N
	N
	N
	N

	Betatakin
	PIII
	Y
	N
	N
	N

	Black Creek LA #1521
	PIII
	N
	N
	N
	N

	Broken Fluke Cave
	BMII
	N
	N
	N
	N

	Broken Roof Cave
	BMIII
	N
	N
	N
	N

	Canyon de Chelly
	PIII
	N
	N
	N
	N

	Canyon del Muerto
	PIII
	N
	N
	N
	N

	Cave Town Ruin, Nitsie Canyon
	PIII
	N
	N
	N
	N

	Cedar House, Tsegi Canyon
	PIII
	N
	N
	N
	N

	Chaco Canyon
	PII
	N
	N
	N
	N

	Chaco Canyon
	PIII
	N
	N
	N
	N

	Chetro Ketl
	PII
	N
	N
	N
	N

	Chetro Ketl
	PIII
	N
	N
	N
	N

	Chilchintaboko, Nitsie Canyon
	PIII
	N
	N
	N
	N

	Deadman's Drainage NA 998
	PII
	N
	N
	N
	N

	Deer Track Canyon
	BM or P ?
	N
	N
	N
	N

	Eagle's Nest, Tsegi
	PIII
	N
	N
	N
	N

	Floating House
	PII
	N
	N
	N
	N

	Forbidden Canyon
	PIII
	N
	N
	N
	N

	Ford House Ruin
	PIII
	N
	N
	N
	N

	Gold Tooth/Buttress Canyon
	PIII
	N
	N
	N
	N

	Gourd Cave
	PIII
	Y
	N
	N
	N

	Grand Canyon
	
	N
	N
	N
	N

	Grand Gulch
	PIII
	Y
	N
	N
	N

	Hagoe, Cliff Houses #5 and #6
	PIII
	N
	N
	N
	N

	Hawikuh
	PIV
	N
	N
	N
	N

	Hawikuh
	PV
	N
	N
	N
	N

	Hidden House
	PIII
	N
	N
	N
	N

	Honanki
	PIII
	N
	N
	N
	N

	Honanki
	PIV
	N
	N
	N
	N

	Hospitibito Canyon
	PIII
	N
	N
	N
	N

	Inscription House, small ruin
	BMIII
	N
	N
	N
	N

	Juniper Terrace, NA 1814 F
	PIII
	N
	N
	N
	N

	Kawaika-a
	PIV
	N
	N
	N
	N

	Kayenta Area
	PIII
	N
	N
	N
	Y

	Kiet Siel
	PIII
	Y
	Y
	N
	N

	Kinboko Canyon, Ruin A
	PIII
	N
	N
	N
	N

	Kinnikinnick
	PIII
	N
	N
	N
	N

	Kinnikinnick
	PIV
	N
	N
	N
	N

	Kintiel (Wide Ruin)
	PIII
	N
	N
	N
	N

	Kokopnyama
	PIV
	N
	N
	N
	N

	Laguna Creek "Cornfields"
	PIII
	N
	N
	N
	N

	Lake Canyon
	PIII
	N
	N
	N
	N

	Lenaki, Tsegi Canyon
	PIII
	N
	N
	N
	N

	Little Kiet Siel, Nitsie Canyo
	PIII
	N
	N
	N
	N

	Marsh Pass, Cliff House #8
	PIII
	N
	N
	N
	N

	Medicine Cave, NA 863
	PII
	N
	N
	N
	Y

	Mesa Verde
	PIII
	Y
	N
	N
	N

	Montezuma Castle
	PIII
	N
	N
	N
	N

	Montezuma Castle
	PIV
	N
	N
	N
	N

	Monument Valley, Ruin #4
	PIII
	N
	N
	N
	N

	Mummy Cave
	PIII
	N
	N
	N
	N

	Navajo National Monument
	PIII
	N
	N
	N
	N

	Nitsie Canyon
	PIII
	Y
	N
	N
	N

	Oak Creek Canyon
	PIII
	N
	N
	N
	N

	Oak Creek Canyon
	PIV
	N
	N
	N
	N

	Obelisk Cave
	BMII
	N
	N
	N
	N

	Olla House (Cliff House #7, La
	PIII
	N
	N
	N
	Y

	Painted Cave
	PIII
	N
	N
	N
	Y

	Palaki
	PIV
	N
	N
	N
	N

	Pinedale
	PIII
	N
	N
	N
	N

	Pinedale
	PIV
	N
	N
	N
	N

	Poncho House
	PIII
	N
	N
	N
	N

	Pueblo Bonito
	PII
	Y
	N
	N
	N

	Pueblo Bonito
	PIII
	Y
	N
	N
	N

	San Francisco Mountain Area
	PII
	N
	N
	N
	Y

	Sayodneechee, Cliff House #2
	PIII
	N
	N
	N
	N

	Sunflower Cave, Marsh Pass
	PIII
	N
	N
	N
	N

	Terrace House Ruin, Tsegi Can
	PIII
	N
	N
	N
	N

	Tsegi Canyon
	PIII
	N
	N
	N
	N

	Tsegi Canyon, Cave #1, Grave 1
	PI
	N
	N
	N
	N

	Tsegi Canyon, Cave #1, Room n
	BMIII
	N
	N
	Y
	N

	Tsegi Canyon, Cave #2
	PIII
	N
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	BM
	N
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	PIII
	N
	N
	N
	N

	Tseh So, Chaco Canyon
	PII
	N
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	BM
	N
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	PIII
	N
	N
	N
	N

	Twin Caves, Tsegi Canyon
	PIII
	N
	N
	N
	N

	Two Mummy Ruin, Nitsie Canyon
	PIII
	N
	N
	N
	N

	Vandal Cave
	BMIII
	N
	N
	N
	N

	Vandal Cave
	PIII
	N
	N
	N
	N

	Walnut Canyon
	PII
	N
	N
	N
	Y

	Walnut Canyon
	PIII
	N
	N
	N
	Y

	Waterfall Ruin
	BMIII
	N
	N
	N
	N

	Waterfall Ruin
	PIII
	N
	N
	N
	N

	White Dog Cave
	BM
	N
	N
	N
	N

	White House
	PIII
	N
	N
	N
	N

	Wupatki
	PIII
	N
	N
	N
	N

	Zele Cave
	PIII
	N
	N
	N
	N


Table 7.  Textile Production on the Colorado Plateau - Frequency of Sites per Time Period with Particular Cotton Associated Items Present

	
	BM

(3)
	BM or P

(1)
	BMII

(2)
	BMIII

(6)
	PI

(2)
	PII

(11)
	PIII

(61)
	PIV

(10)
	PV

(1)

	Cotton Thread
	0
	0
	0
	0
	0
	3
	5
	0
	0

	Needles
	0
	0
	0
	0
	0
	1
	3
	1
	1

	Sandstone Warping Block
	0
	0
	0
	0
	0
	0
	1
	2
	0

	Loom Parts
	0
	0
	0
	1
	1
	3
	9
	1
	1

	Loom Anchor Holes
	0
	0
	0
	1
	0
	2
	14
	3
	0


Table 8.  Textile Production on the Colorado Plateau - Raw Data (compiled from Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996)

	Site
	Cultural Period
	Cotton Thread
	Needles
	Sandstone Warping Block
	Loom Parts
	Loom Anchor Holes

	Antelope House
	BMIII
	N
	N
	N
	N
	N

	Antelope House
	PI
	N
	N
	N
	Y
	N

	Antelope House
	PII
	N
	Y
	N
	Y
	Y

	Antelope House
	PIII
	N
	Y
	N
	Y
	Y

	Awatovi
	PIV
	N
	N
	N
	N
	Y

	Aztec
	PIII
	Y
	Y
	N
	Y
	N

	Bat Woman House, Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Bc 51, Chaco Canyon
	PII
	N
	N
	N
	Y
	N

	Bc 51, Chaco Canyon
	PIII
	N
	N
	N
	Y
	N

	Betatakin
	PIII
	N
	N
	N
	N
	Y

	Black Creek LA #1521
	PIII
	N
	N
	N
	N
	N

	Broken Fluke Cave
	BMII
	N
	N
	N
	N
	N

	Broken Roof Cave
	BMIII
	N
	N
	N
	N
	N

	Canyon de Chelly
	PIII
	N
	N
	N
	N
	N

	Canyon del Muerto
	PIII
	N
	N
	N
	N
	N

	Cave Town Ruin, Nitsie Canyon
	PIII
	N
	N
	N
	N
	N

	Cedar House, Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Chaco Canyon
	PII
	N
	N
	N
	N
	N

	Chaco Canyon
	PIII
	N
	N
	N
	N
	N

	Chetro Ketl
	PII
	N
	N
	N
	N
	N

	Chetro Ketl
	PIII
	N
	N
	N
	N
	N

	Chilchintaboko, Nitsie Canyon
	PIII
	N
	N
	N
	N
	N

	Deadman's Drainage NA 998
	PII
	N
	N
	N
	N
	N

	Deer Track Canyon
	BM or P ?
	N
	N
	N
	N
	N

	Eagle's Nest, Tsegi
	PIII
	N
	N
	N
	N
	N

	Floating House
	PII
	N
	N
	N
	N
	N

	Forbidden Canyon
	PIII
	N
	N
	N
	N
	N

	Ford House Ruin
	PIII
	N
	N
	N
	N
	N

	Gold Tooth/Buttress Canyon
	PIII
	N
	N
	N
	N
	N

	Gourd Cave
	PIII
	N
	N
	N
	N
	N

	Grand Canyon
	
	N
	N
	N
	N
	N

	Grand Gulch
	PIII
	N
	Y
	N
	Y
	N

	Hagoe, Cliff Houses #5 and #6
	PIII
	N
	N
	N
	N
	N

	Hawikuh
	PIV
	N
	Y
	N
	Y
	N

	Hawikuh
	PV
	N
	Y
	N
	Y
	N

	Hidden House
	PIII
	N
	N
	N
	N
	N

	Honanki
	PIII
	N
	N
	N
	N
	N

	Honanki
	PIV
	N
	N
	N
	N
	N

	Hospitibito Canyon
	PIII
	N
	N
	N
	N
	N

	Inscription House, small ruin
	BMIII
	N
	N
	N
	N
	N

	Juniper Terrace, NA 1814 F
	PIII
	N
	N
	N
	N
	Y

	Kawaika-a
	PIV
	N
	N
	N
	N
	N

	Kayenta Area
	PIII
	Y
	N
	N
	N
	N

	Kiet Siel
	PIII
	N
	N
	N
	Y
	Y

	Kinboko Canyon, Ruin A
	PIII
	N
	N
	N
	N
	N

	Kinnikinnick
	PIII
	N
	N
	N
	N
	N

	Kinnikinnick
	PIV
	N
	N
	N
	N
	N

	Kintiel (Wide Ruin)
	PIII
	N
	N
	N
	N
	Y

	Kokopnyama
	PIV
	N
	N
	Y
	N
	Y

	Laguna Creek "Cornfields"
	PIII
	N
	N
	N
	N
	Y

	Lake Canyon
	PIII
	N
	N
	N
	N
	N

	Lenaki, Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Little Kiet Siel, Nitsie Canyo
	PIII
	N
	N
	N
	N
	N

	Marsh Pass, Cliff House #8
	PIII
	N
	N
	N
	Y
	Y

	Medicine Cave, NA 863
	PII
	Y
	N
	N
	N
	N

	Mesa Verde
	PIII
	N
	N
	N
	N
	Y

	Montezuma Castle
	PIII
	N
	N
	N
	N
	N

	Montezuma Castle
	PIV
	N
	N
	N
	N
	N

	Monument Valley, Ruin #4
	PIII
	N
	N
	N
	N
	N

	Mummy Cave
	PIII
	N
	N
	N
	N
	N

	Navajo National Monument
	PIII
	N
	N
	N
	N
	N

	Nitsie Canyon
	PIII
	N
	N
	N
	N
	N

	Oak Creek Canyon
	PIII
	N
	N
	N
	N
	N

	Oak Creek Canyon
	PIV
	N
	N
	N
	N
	N

	Obelisk Cave
	BMII
	N
	N
	N
	N
	N

	Olla House (Cliff House #7, La
	PIII
	Y
	N
	N
	N
	Y

	Painted Cave
	PIII
	Y
	N
	N
	N
	Y

	Palaki
	PIV
	N
	N
	N
	N
	N

	Pinedale
	PIII
	N
	N
	Y
	N
	Y

	Pinedale
	PIV
	N
	N
	Y
	N
	Y

	Poncho House
	PIII
	N
	N
	N
	Y
	Y

	Pueblo Bonito
	PII
	N
	N
	N
	Y
	N

	Pueblo Bonito
	PIII
	N
	N
	N
	Y
	N

	San Francisco Mountain Area
	PII
	Y
	N
	N
	N
	N

	Sayodneechee, Cliff House #2
	PIII
	N
	N
	N
	N
	N

	Sunflower Cave, Marsh Pass
	PIII
	N
	N
	N
	N
	N

	Terrace House Ruin, Tsegi Can
	PIII
	N
	N
	N
	N
	N

	Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Tsegi Canyon, Cave #1, Grave 1
	PI
	N
	N
	N
	N
	N

	Tsegi Canyon, Cave #1, Room n
	BMIII
	N
	N
	N
	N
	N

	Tsegi Canyon, Cave #2
	PIII
	N
	N
	N
	N
	Y

	Tsegi-ot-sosi, Cave #8
	BM
	N
	N
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	PIII
	N
	N
	N
	N
	N

	Tseh So, Chaco Canyon
	PII
	N
	N
	N
	N
	Y

	Turkey Cave, Tsegi Canyon
	BM
	N
	N
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Twin Caves, Tsegi Canyon
	PIII
	N
	N
	N
	N
	N

	Two Mummy Ruin, Nitsie Canyon
	PIII
	N
	N
	N
	N
	N

	Vandal Cave
	BMIII
	N
	N
	N
	N
	N

	Vandal Cave
	PIII
	N
	N
	N
	N
	N

	Walnut Canyon
	PII
	Y
	N
	N
	N
	N

	Walnut Canyon
	PIII
	Y
	N
	N
	N
	N

	Waterfall Ruin
	BMIII
	N
	N
	N
	Y
	Y

	Waterfall Ruin
	PIII
	N
	N
	N
	Y
	Y

	White Dog Cave
	BM
	N
	N
	N
	N
	N

	White House
	PIII
	N
	N
	N
	N
	N

	Wupatki
	PIII
	N
	N
	N
	N
	N

	Zele Cave
	PIII
	N
	N
	N
	N
	N


Table 9.  Textiles as Final Products on the Colorado Plateau - Frequency of Sites per Time Period with Particular Cotton Associated Items Present.

	
	BM

(3)
	BM or P

(1)
	BMII

(2)
	BMIII

(6)
	PI

(2)
	PII

(11)
	PIII

(61)
	PIV

(10)
	PV

(1)

	Cotton Cordage
	0
	1
	0
	1
	0
	1
	3
	1
	0

	Murals
	0
	0
	0
	0
	0
	0
	0
	2
	0

	Cotton Textiles
	2
	0
	0
	3
	2
	8
	54
	6
	1

	Cotton Textile Blends
	0
	0
	0
	0
	0
	0
	3
	0
	0


Table 10.  Textiles as Final Products on the Colorado Plateau - Raw Data (compiled from Kent 1957; Magers 1986; Hall and Dennis 1986; Teague 1996)

	Site
	Cultural Period
	Cotton Cordage
	Murals
	Cotton Textiles
	Textile Blend

	Antelope House
	BMIII
	Y
	N
	N
	N

	Antelope House
	PI
	N
	N
	Y
	N

	Antelope House
	PII
	N
	N
	Y
	N

	Antelope House
	PIII
	N
	N
	Y
	N

	Awatovi
	PIV
	N
	Y
	N
	N

	Aztec
	PIII
	N
	N
	Y
	N

	Bat Woman House, Tsegi Canyon
	PIII
	N
	N
	Y
	N

	Bc 51, Chaco Canyon
	PII
	N
	N
	N
	N

	Bc 51, Chaco Canyon
	PIII
	N
	N
	N
	N

	Betatakin
	PIII
	N
	N
	Y
	N

	Black Creek LA #1521
	PIII
	N
	N
	Y
	N

	Broken Fluke Cave
	BMII
	N
	N
	N
	N

	Broken Roof Cave
	BMIII
	N
	N
	N
	N

	Canyon de Chelly
	PIII
	N
	N
	Y
	N

	Canyon del Muerto
	PIII
	N
	N
	Y
	N

	Cave Town Ruin, Nitsie Canyon
	PIII
	N
	N
	Y
	N

	Cedar House, Tsegi Canyon
	PIII
	N
	N
	Y
	N

	Chaco Canyon
	PII
	N
	N
	Y
	N

	Chaco Canyon
	PIII
	N
	N
	Y
	N

	Chetro Ketl
	PII
	N
	N
	Y
	N

	Chetro Ketl
	PIII
	N
	N
	Y
	N

	Chilchintaboko, Nitsie Canyon
	PIII
	N
	N
	Y
	N

	Deadman's Drainage NA 998
	PII
	N
	N
	Y
	N

	Deer Track Canyon
	BM or P ?
	Y
	N
	N
	N

	Eagle's Nest, Tsegi
	PIII
	N
	N
	Y
	N

	Floating House
	PII
	N
	N
	Y
	N

	Forbidden Canyon
	PIII
	N
	N
	Y
	N

	Ford House Ruin
	PIII
	N
	N
	Y
	N

	Gold Tooth/Buttress Canyon
	PIII
	N
	N
	Y
	N

	Gourd Cave
	PIII
	N
	N
	Y
	N

	Grand Canyon
	
	N
	N
	N
	N

	Grand Gulch
	PIII
	N
	N
	Y
	N

	Hagoe, Cliff Houses #5 and #6
	PIII
	N
	N
	Y
	N

	Hawikuh
	PIV
	N
	N
	Y
	N

	Hawikuh
	PV
	N
	N
	Y
	N

	Hidden House
	PIII
	N
	N
	Y
	N

	Honanki
	PIII
	N
	N
	Y
	N

	Honanki
	PIV
	N
	N
	Y
	N

	Hospitibito Canyon
	PIII
	N
	N
	Y
	N

	Inscription House, small ruin
	BMIII
	N
	N
	Y
	N

	Juniper Terrace, NA 1814 F
	PIII
	N
	N
	N
	N

	Kawaika-a
	PIV
	N
	Y
	N
	N

	Kayenta Area
	PIII
	N
	N
	Y
	Y

	Kiet Siel
	PIII
	N
	N
	Y
	N

	Kinboko Canyon, Ruin A
	PIII
	N
	N
	Y
	N

	Kinnikinnick
	PIII
	N
	N
	Y
	N

	Kinnikinnick
	PIV
	N
	N
	Y
	N

	Kintiel (Wide Ruin)
	PIII
	N
	N
	N
	N

	Kokopnyama
	PIV
	N
	N
	N
	N

	Laguna Creek "Cornfields"
	PIII
	N
	N
	N
	N

	Lake Canyon
	PIII
	N
	N
	Y
	N

	Lenaki, Tsegi Canyon
	PIII
	N
	N
	Y
	N

	Little Kiet Siel, Nitsie Canyo
	PIII
	N
	N
	Y
	N

	Marsh Pass, Cliff House #8
	PIII
	N
	N
	Y
	N

	Medicine Cave, NA 863
	PII
	N
	N
	N
	N

	Mesa Verde
	PIII
	N
	N
	Y
	N

	Montezuma Castle
	PIII
	Y
	N
	Y
	N

	Montezuma Castle
	PIV
	Y
	N
	Y
	N

	Monument Valley, Ruin #4
	PIII
	N
	N
	Y
	N

	Mummy Cave
	PIII
	N
	N
	Y
	N

	Navajo National Monument
	PIII
	N
	N
	Y
	N

	Nitsie Canyon
	PIII
	N
	N
	Y
	N

	Oak Creek Canyon
	PIII
	N
	N
	Y
	N

	Oak Creek Canyon
	PIV
	N
	N
	Y
	N

	Obelisk Cave
	BMII
	N
	N
	N
	N

	Olla House (Cliff House #7, La
	PIII
	N
	N
	Y
	N

	Painted Cave
	PIII
	N
	N
	Y
	N

	Palaki
	PIV
	N
	N
	Y
	N

	Pinedale
	PIII
	N
	N
	N
	N

	Pinedale
	PIV
	N
	N
	N
	N

	Poncho House
	PIII
	N
	N
	Y
	N

	Pueblo Bonito
	PII
	Y
	N
	Y
	N

	Pueblo Bonito
	PIII
	Y
	N
	Y
	N

	San Francisco Mountain Area
	PII
	N
	N
	Y
	N

	Sayodneechee, Cliff House #2
	PIII
	N
	N
	Y
	N

	Sunflower Cave, Marsh Pass
	PIII
	N
	N
	Y
	N

	Terrace House Ruin, Tsegi Can
	PIII
	N
	N
	Y
	N

	Tsegi Canyon
	PIII
	N
	N
	Y
	N

	Tsegi Canyon, Cave #1, Grave 1
	PI
	N
	N
	Y
	N

	Tsegi Canyon, Cave #1, Room n
	BMIII
	N
	N
	N
	N

	Tsegi Canyon, Cave #2
	PIII
	N
	N
	N
	N

	Tsegi-ot-sosi, Cave #8
	BM
	N
	N
	Y
	N

	Tsegi-ot-sosi, Cave #8
	PIII
	N
	N
	Y
	N

	Tseh So, Chaco Canyon
	PII
	N
	N
	N
	N

	Turkey Cave, Tsegi Canyon
	BM
	N
	N
	Y
	N

	Turkey Cave, Tsegi Canyon
	PIII
	N
	N
	Y
	N

	Twin Caves, Tsegi Canyon
	PIII
	Y
	N
	N
	N

	Two Mummy Ruin, Nitsie Canyon
	PIII
	N
	N
	Y
	Y

	Vandal Cave
	BMIII
	N
	N
	Y
	N

	Vandal Cave
	PIII
	N
	N
	Y
	N

	Walnut Canyon
	PII
	N
	N
	Y
	N

	Walnut Canyon
	PIII
	N
	N
	Y
	N

	Waterfall Ruin
	BMIII
	N
	N
	Y
	N

	Waterfall Ruin
	PIII
	N
	N
	Y
	N

	White Dog Cave
	BM
	N
	N
	N
	N

	White House
	PIII
	N
	N
	Y
	Y

	Wupatki
	PIII
	N
	N
	Y
	N

	Zele Cave
	PIII
	N
	N
	Y
	N


APPENDIX B

DESCRIPTIVE AND SITE CARD VARIABLE DEFINITIONS

Descriptive Variable Definitions

1.  ITEMNO - Item Number (Relate Item)

Each artifact analyzed received a mutually-exclusive number for identification, tracking and database management purpose (0, 1, 2, 3...).  

2.  SITENO - Site Number (Relate Item)

The NA number assigned to the site where the artifact originated.  

3.  ACCESNO - Accession Number 

This field included the Musuem's accession number.

4.  DRAWER - Drawer Location

Each drawer had a mutually exclusive number and letter designation for Museum collections' locational tracking purposes.  For example, 9:D6 refers to Cabinet #9, Drawer D6.  

5.  MATERIAL - Material Type

The material types are a numeric code representing either other, ceramic, wood, modelled and stone.  

6.  PERCOMPL - Percent Complete

A numeric code depicting what percentage of the artifact exists.

7.  INNER - Spindle Whorl Inner Diameter

The inner diameter is the total maximum distance of the central hole presumably where the spindle shaft passed through the whorl.  I recorded the inner diameter to the nearest hundredth of a centimeter (.01 cm).     

8.  OUTER - Spindle Whorl Outer Diameter

The outer diameter is the total maximum distance from one end of the artifact to the other.  I recorded the outer diameter to the nearest hundredth of a centimeter (.01 cm).    

9.  THICK - Spindle Whorl Thickness

The thickness is the total maximum distance from the top of the spindle whorl to the bottom.  The thickness is perpendicular to the outer diameter.  I recorded the thickness to the nearest hundredth of a centimeter (.01 cm).  

10.  WEIGHT - Weight of the Spindle Whorl

The weight of each artifact to the nearest tenth of a gram (.1 g).  For incomplete artifacts, I excluded the spindle whorls for the data analysis using weights.  

11.  SHAPE - Shape Type

An alphanumeric code representing one of Haury's (1945) beaded spindle whorl shapes:  Speroidal, Ellipsoidal, Discoidal, Biconical, Pulley-shaped, Biconvex, and Turbinated.  This field was for the modelled whorls only.

12. WARE - Ware/type classification

Based on criteria and code system laid out by Mills et al. (1993), I determined the ceramic type of the ceramic disk whorls. "Each typological category is presumed to exist within a specific spatial and temporal framework and is useful for making inferences about cultural affiliation and occupation spans on a given site" (Mills et al. 1993:21).  I left this field blank for the wooden, modelled and stone spindle whorls.

13.  DATE1 - Date Range 1

The date range based on the ware-type classification and/or analogous style from Mills et al. 1993.  See Appendix C.  

14.  MEDIAN - Median Date of the Ware/Type Classification

For all the whiteware ceramic disk whorls that had ware/type classification, I designated a median date.  The median date represents the average date of beginning and ending dates of the "well-known estimates of  the production spans of ceramic types in the Southwest" (Mills et al. 1993:109).

15.  PERIOD1 - Time Period Designation #1

Period 1 represents the time period designation for all the disk whorls with a ware/type classification (Late Pueblo II - Early Pueblo III, Rio de Flag Period, etc.).  I adopted the time periods from Mills et al 1993.  See Appendix C.      

16.  NOTES - General Notes

This field included any extra information provided with the artifact label such as original MNA item number (NA1238.8), if the artifact was a donation and any cultural context information (Room 1, Floor). 

Site Card Information Variable Definitions

1.  SITENO - Site Number (Relate Item)

The NA number assigned to the site where the artifact originated.  

2.  OTHERNO - Other Site Number 1 

Variable 2 represents any other site numbers given to this artifact. This field might include Arizona State Museum or Forest Service Site Designations.

3.  PERIOD2 - Time Period 2

Time period recorded on site card.

4.  DATE2 - Date 2

Any dates recorded on the site card.

5.  PERIOD3 - Time Period 3

After obtaining a date for the site from PERIOD2, I transformed all the time periods to the Pecos Classification System (Mills et al. 1993).  The time periods are an alphanumeric letter code.  See Appendix C.

6.  PERIOD4 - Time Period 4

For ease of data analysis, I lumped all of the seventeen PERIOD3 designations into eight groups.  For mixed component sites, the site recieved the earliest date (i.e., Basketmaker III - Pueblo II became Basketmaker III).  The time periods are an alphanumeric letter code.  See Appendix C.    

7.  CLUSTER - Site Cluster

A site cluster represents a group of sites spatially segregated from another group of sites.  Additionally, the sites in the cluster tend to share a similar topographic area as well as the same primary drainage.  The site clusters are an alphanumeric code.  See Appendix C.  

8.  CULTURE - Cultural Affiliation

A name representing the cultural affiliation recorded on the site card (i.e., Sinagua, Eastern Anasazi, etc.).

9.  GEOGLOC - Geographic Location

I plotted the geographic location of the site on a 1:250,000 map.  This field contains either the legal description of the site, the Universal Transverse Mercator coordinates, or any other information regarding location written on the site card (i.e., 1 mile from Marsh Pass camp).

10.  GEOGPOS - Geographic Position

A numeric code representing the type of topographic feature that the site sat on (flat, hillslope, hilltop, etc.).  See Appendix C.

11.  ELEV - Elevation

A number representing how many feet above sea level the site occurred.

12.  PRIDRAIN - Primary Drainage

The name of the closest and largest drainage to the site.  If this drainage had no name, the entry was unnamed. 

13.  SECDRAIN - Secondary Drainage

The name of the closest drainage to the site whether small or large.  If this drainage had no name, the entry was unnamed.  

14.  DIST - Distance

This number represents the distance to the nearest drainage whether it was the primary or secondary drainage.  

15.  #OFWHORLS - Number of Spindle Whorls 

This number represents the number of spindle whorls found on the site.  

16.  MAP - Map Reference

This field contained the name of the 1:250,000 map (Flagstaff, Marble Canyon, etc.).  

17.  REF - References

A memo field containing any other references or site information documentation.  

18.  NOTES - General Notes

A memo field containing general notes on discrepancies, unique features or anything else noteworthy. 

APPENDIX C

ANALYSIS FORMS

Disk Whorl Form
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Modelled Whorl Form

Item No.______






Site No._______









Acces No._____

Drawer Location
_________

Material Type 
_________

% Complete
_________

	Inner Diameter

 (.01 mm)
	Outer Diameter (.01 mm)
	Thickness

 (.01 mm)
	Weight 

(.1 g)
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Plan
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APPENDIX D

DATABASE CODES AND DESIGNATIONS

Data Code Specifications

	Field
	Codes

	MATERIAL (Material Type)
	0 = Other

1 = Ceramic

2 = Wood

3 = Modelled

4 = Stone

	
	

	PERCOMPL (% Complete)
	1= 100%

1/2 = 90%

2 = 75%

2/1= 80%

3 = 50%

3/2 = 62.5%

3/4 = 40%

4 = 25%

4/3 = 20%

	
	

	SHAPE (Modelled Whorl Shapes)
	O = Not Applicable

A = Spheroidal

B = Ellipsoidal

C = Discoidal

D = Biconical

E = Pulley-shaped

F = Biconvex

G = Turbinated

Z = Unknown


Ware/Type Classification System Codes, Date Ranges, Median Dates and Time Periods

	Codes
	Ware/Type
	Date Ranges
	Median Dates
	Time Periods

	0
	Not Applicable
	
	
	

	100
	Undif. Cibola White Ware
	
	
	

	131
	Puerco Black-on-white
	A.D. 1000 - 1175
	A.D. 1088
	EPII - EPIII

	132
	Escavada Black-on-white
	A.D. 925 - 1125
	A.D. 1025
	EPII - EPIII

	153
	Reserve Black-on-white
	A.D. 1100 - 1200
	A.D. 1150
	LPII

	154
	Tularosa Black-on-white
	A.D. 1175 - 1325
	A.D. 1250
	EPIII

	800
	Undif. Tusayan White Ware
	
	
	

	812
	Kana-a Black-on-white
	A.D. 825 - 1000
	A.D. 913
	LPI

	815
	Wepo Black-on-white
	A.D. 930 - 1050
	A.D. 990
	EPII

	821
	Black Mesa Black-on-white
	A.D. 1000 - 1100
	A.D. 1050
	EPII - LPII

	831
	Sosi Black-on-white
	A.D. 1070 - 1180
	A.D. 1125
	EPII - EPIII

	843
	Dogoszhi Black-on-white
	A.D. 1070 - 1180
	A.D. 1125
	LPII - EPIII

	844
	Flagstaff Black-on-white
	A.D. 1150 - 1220
	A.D. 1185
	EPIII - LPIII

	900
	Undif. Tusayan Gray Ware
	
	
	

	901
	Undif. Plain Tusayan Gray Ware
	
	
	

	950
	Tusayan Corrugated
	A.D. 1040 - 1300
	
	LPII - LPIII

	971
	Kiet Siel Gray
	A.D. 1200 - 1300
	
	LPIII

	1622
	St. Johns Polychrome
	A.D. 1120 - 1320
	A.D. 1250
	EPIII - LPIII

	2000
	Undif. Tsegi Orange Ware
	
	
	

	2021
	Medicine Black-on-red
	A.D. 1000 - 1115
	A.D. 1058
	LPII

	2022
	Tusayan Black-on-red
	A.D. 1050 - 1210
	A.D. 1130
	LPII - EPIII

	2100
	Undif. Little Colorado White Ware
	
	
	

	2131
	Holbrook A Black-on-white
	A.D. 1050 - 1150
	A.D. 1100
	LPII - EPIII

	2135
	Holbrook B Black-on-white
	A.D. 1050 - 1150
	A.D. 1100
	LPII - EPIII

	2142
	Walnut A Black-on-white
	A.D. 1100 - 1250
	A.D. 1175
	EPIII - LPIII

	2143
	Undif. Walnut Black-on-white
	A.D. 1100 - 1250
	A.D. 1175
	EPIII - LPIII

	2300
	Undif. San Francisco Mt. Gray Ware
	
	
	

	2302
	Deadmans Fugitive Red
	A.D. 850 - 1150
	
	LPII

	2431
	Undif. Floyd/Deadmans Gray
	A.D. 700 - 1100
	
	PI - PII

	2500
	Undif. Alameda Brown Ware
	
	
	

	2501
	Sunset Red/Brown
	A.D. 1066 - 1400
	
	LPII - LPIII

	2509
	Winona Brown
	A.D. 1064 - 1300
	
	LPII - EPIII

	2510
	Youngs Brown
	A.D. 1064 - 1400
	
	LPII - EPIII

	9951
	Undif. Jeddito Yellow Ware
	
	
	

	9999
	Unknown
	
	
	


Note: 
PI = Pueblo I; PII =Pueblo II; EPII = Early Pueblo II; LPII = Late Pueblo II; EPIII =Early Pueblo III; LPIII = Late Pueblo III

Transformation of Site Card Time Period to the Pecos Classification

	Codes
	PERIOD2 (Site Card Time Period)
	PERIOD3 (Pecos System Time Period, from Mills et al. 1993:87-110)

	A
	Archaic - Early Pueblo
	Archaic - Early Pueblo

	B
	Basketmaker II
	Basketmaker II

	C
	Basketmaker III - Early Pueblo I
	Basketmaker III - Early Pueblo I

	D
	Basketmaker III - Pueblo II
	Basketmaker III - Pueblo II

	E
	Basketmaker III - Early Pueblo III
	Basketmaker III - Early Pueblo III

	F
	Pueblo I
	Pueblo I

	
	Cinder Park Phase
	Pueblo I

	G
	Pueblo I - Pueblo II
	Pueblo I - Pueblo II

	H
	Late Pueblo I - Early Pueblo II
	Late Pueblo I - Early Pueblo II

	I
	Pueblo II
	Pueblo II

	
	Rio de Flag Phase - Sunset Phase
	Pueblo II

	
	Medicine Valley Phase
	Pueblo II

	J
	Pueblo II - Pueblo III
	Pueblo II - Pueblo III

	K
	Late Pueblo II
	Late Pueblo II

	
	Rio de Flag Phase
	Late Pueblo II

	
	Angell/Winona Phase
	Late Pueblo II

	L
	Late Pueblo II - Early Pueblo III
	Late Pueblo II - Early Pueblo III

	
	Rio de Flag Phase - Padre Phase
	Late Pueblo II - Early Pueblo III

	
	Angell/Padre Phase
	Late Pueblo II - Early Pueblo III

	
	Padre Phase - Angell/Winona Phase
	Late Pueblo II - Early Pueblo III

	M
	Late Pueblo II - Pueblo III
	Late Pueblo II - Pueblo III

	
	Angell/Winona Phase - Padre Phase
	Late Pueblo II - Pueblo III

	N
	Early Pueblo III
	Early Pueblo III

	
	Padre Phase
	Early Pueblo III

	O
	Pueblo III
	Pueblo III

	
	Padre Phase - Elden Phase
	Pueblo III

	P
	Late Pueblo III
	Late Pueblo III

	
	Elden Phase
	Late Pueblo III

	
	Turkey Hill Phase
	Late Pueblo III

	Q
	Pueblo III - Pueblo IV
	Pueblo III - Pueblo IV


Time Period 3 Pecos Classification Condensed into Time Period 4

	Codes
	PERIOD3 (Pecos System Time Period, from Mills et al. 1993:87-110)
	PERIOD4 (Condensed Pecos System)

	A
	Basketmaker II
	Basketmaker II

	B
	Basketmaker III - Early Pueblo I
	Basketmaker III

	
	Basketmaker III - Pueblo II
	Basketmaker III

	
	Basketmaker III - Early Pueblo III
	Basketmaker III

	C
	Pueblo I
	Pueblo I

	D
	Pueblo I - Pueblo II
	Pueblo I - Pueblo II

	
	Late Pueblo I - Early Pueblo II
	Pueblo I - Pueblo II

	E
	Pueblo II
	Pueblo II

	
	Late Pueblo II
	Pueblo II

	F
	Pueblo II - Pueblo III
	Pueblo II - Pueblo III

	
	Late Pueblo II - Early Pueblo III
	Pueblo II - Pueblo III

	
	Late Pueblo II - Pueblo III
	Pueblo II - Pueblo III

	G
	Early Pueblo III
	Pueblo III

	
	Pueblo III
	Pueblo III

	
	Late Pueblo III
	Pueblo III

	H
	Pueblo III - Pueblo IV
	Pueblo III - Pueblo IV


Total Number of Sites with Culture Area Designations

	Culture Area
	Number of Sites

	Kayenta/Winslow
	2

	Sinagua
	40

	Sinagua/Hohokam
	1

	Winslow
	1

	Wupatki
	2

	Cohonina
	6

	Cohonina/Sinagua
	2

	Eastern Anasazi
	10

	Kayenta
	26

	Kayenta/Cohonina
	1


Geographic Position Codes

	Codes
	Geographic Position

	1
	Hillslope

	2
	Flat/Plain

	3
	Hill Top

	4
	Floodplain

	5
	Ridge Top

	6
	Mesa/Butte

	7
	Terrace

	8
	Cliffhouse

	9
	Rockshelter

	10
	Base of Mesa

	11
	Dune

	12
	Gentle Rolling Hills


APPENDIX E

MANN-WHITNEY U SIGNIFICANCE TEST RESULTS

Regional Analysis:

Summary of Functional Differences between each Material Type

	Material Type Combinations
	Count
	Probability
	Conclusion

	Outer Diameters
	
	
	

	     Ceramic Disk Whorls
	230
	
	

	     Wooden Disk Whorls
	29
	
	

	
	
	p = .346
	p >.05:  Retain Null Hypothesis -- Spinning Function the Same

	     Ceramic Disk Whorls
	230
	
	

	     Stone Disk Whorls
	7
	
	

	
	
	p = .482
	p > .05:  Retain Null Hypothesis -- Spinning Function the Same

	     Ceramic Disk Whorls
	230
	
	

	     Modelled Whorls
	72
	
	

	
	
	p = 0.000
	p < .05:  Reject Null Hypothesis -- Spinning Function Not the Same

	     Wooden Disk Whorls
	29
	
	

	     Stone Disk Whorls
	7
	
	

	
	
	p = .46
	p > .05:  Retain Null Hypothesis -- Spinning Function the Same

	     Wooden Disk Whorls
	29
	
	

	     Modelled Whorls
	72
	
	

	
	
	p = 0.000
	p < .05:  Reject Null Hypothesis -- Spinning Function Not the Same

	     Stone Disk Whorls
	7
	
	

	     Modelled Whorls
	72
	
	

	
	
	p = 0.000
	p < .05:   Reject Null Hypothesis -- Spinning Function Not the Same

	Inner Diameters
	
	
	

	     Ceramic Disk Whorls
	239
	
	

	     Wooden Disk Whorls
	26
	
	

	
	
	p = .693
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same

	     Ceramic Disk Whorls
	239
	
	

	     Stone Disk Whorls
	6
	
	

	
	
	p = .504
	P > .05:  Retain the Null Hypothesis -- Spinning Function the Same

	     Ceramic Disk Whorls
	239
	
	

	     Modelled Whorls
	73
	
	

	
	
	p = .001
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Wooden Disk Whorls
	26
	
	

	     Stone Disk Whorls
	6
	
	

	
	
	p = .498
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same

	     Wooden Disk Whorls
	26
	
	

	     Modelled Whorls
	73
	
	

	
	
	p = .002
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	
	
	
	

	
	
	
	

	
	
	
	

	     Stone Disk Whorls
	6
	
	

	     Modelled Whorls
	73
	
	

	
	
	p = .038
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	Weight
	
	
	

	     Ceramic Disk Whorls
	152
	
	

	     Wooden Disk Whorls
	14
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Ceramic Disk Whorls
	152
	
	

	     Stone Disk Whorls
	4
	
	

	
	
	p = .015
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Ceramic Disk Whorls
	152
	
	

	     Modelled Whorls
	57
	
	

	
	
	p = .029
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Wooden Disk Whorls
	14
	
	

	     Stone Disk Whorls
	4
	
	

	
	
	p = .777
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same

	     Wooden Disk Whorls
	14
	
	

	     Modelled Whorls
	57
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not Same

	     Stone Disk Whorls
	4
	
	

	     Modelled Whorls
	57
	
	

	
	
	p = .005
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	Thickness
	
	
	

	     Ceramic Disk Whorls
	243
	
	

	     Wooden Disk Whorls
	30
	
	

	
	
	p = .216
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same

	     Ceramic Disk Whorls
	243
	
	

	     Stone Disk Whorls
	7
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Ceramic Disk Whorls
	243
	
	

	     Modelled Whorls
	71
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Wooden Disk Whorls
	30
	
	

	     Stone Disk Whorls
	7
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	     Wooden Disk Whorls
	30
	
	

	     Modelled Whorls
	71
	
	

	
	
	p = .001
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same

	
	
	
	

	
	
	
	

	     Stone Disk Whorls
	7
	
	

	     Modelled Whorls
	71
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same


Regional Analysis:

Summary of Within Whorl Material Type 

	Material Type
	Count
	Probability
	Conclusion

	Thickness
	
	
	

	Stone Disk Whorls
	
	
	

	     Group A < .30
	6
	
	

	     Group B <= .30
	1
	
	

	
	
	p = .134
	P > .05:  Retain the Null Hypothesis -- Spinning Function the Same (Unimodal)

	Ceramic Disk Whorls
	
	
	

	     Group A < .52
	19
	
	

	     Group B >= .52
	28
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Wood Disk Whorls
	
	
	

	     Group A < 1.2
	11
	
	

	     Group B <= 1.2
	18
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Modelled Whorls
	
	
	Unimodal

	
	
	
	

	Inner Diameter
	
	
	

	Stone Disk Whorls
	
	
	

	     Group A < .5
	3
	
	

	     Group B >= .5
	2
	
	

	
	
	p = .083
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same (Unimodal)

	Ceramic Disk Whorls
	
	
	

	     Group A < .55
	30
	
	

	     Group B >= .55
	30
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Wood Disk Whorls
	
	
	

	     Group A < .45
	7
	
	

	     Group B >= .45
	17
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Modelled Whorls
	
	
	Unimodal

	     Group A <= .45
	43
	
	

	     Group B > .45
	30
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Outer Diameter
	
	
	

	Stone Disk Whorls
	
	
	

	     Group A < 4.2
	3
	
	

	     Group B >= 4.2
	4
	
	

	
	
	p = .03
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Ceramic Disk Whorls
	
	
	

	     Group A < 4.5
	74
	
	

	     Group B >= 4.5
	86
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Wooden Disk Whorls
	
	
	

	     Group A < 5
	13
	
	

	     Group B >= 5
	14
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Modelled Whorls
	
	
	Unimodal

	     Group A < 2.95
	42
	
	

	     Group B >= 2.95
	30
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same (Bimodal)

	Weight
	
	
	

	 Stone Disk Whorls
	
	
	

	     Group A < 9
	3
	
	

	     Group B >= 9 
	1
	
	

	
	
	p = .18
	p > .05:  Retain the Null Hypothesis -- Spinning Function the Same (Unimodal)

	Ceramic Disk Whorls
	
	
	Unimodal

	Wooden Disk Whorls     
	
	
	Unimodal

	Modelled Whorls
	
	
	

	     Group A < 20
	36
	
	

	     Group B >= 20
	20
	
	

	
	
	p = 0.000
	p < .05:  Reject the Null Hypothesis -- Spinning Function Not the Same


Regional Analysis:

Summary of Whorl Variation between Material Types within each Time Period

	Material Type Combinations
	Count
	Probability
	Conclusion

	Pueblo II Period
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	38
	
	

	          Modelled Whorls
	11
	
	

	
	
	p = .265
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	17
	
	

	
	
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	17
	
	

	
	
	p = 0.020
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	59
	
	

	          Modelled Whorls
	16
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	Pueblo II to Pueblo III Period
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	24
	
	

	          Wooden Disk Whorls
	9
	p = 0.002
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     
	
	
	

	          Ceramic Disk Whorls
	24
	
	

	          Modelled Whorls
	19
	p = 0.018
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Whorls
	19
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Wooden Disk Whorls
	15
	p = 0.008
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	21
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	15
	
	

	          Modelled Whorls
	21
	p = .413
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	60
	
	

	          Wooden Disk Whorls
	14
	p = .136
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     
	
	
	

	          Ceramic Disk Whorls
	60
	
	

	          Modelled Whorls
	23
	p = .415
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	14
	
	

	          Modelled Whorls
	23
	p = 0.005
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	57
	
	

	          Wooden Disk Whorls
	15
	p = .140
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     
	
	
	

	          Ceramic Disk Whorls
	57
	
	

	          Modelled Whorls
	23
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	15
	
	

	          Modelled Whorls
	23
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	Pueblo III Period
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	46
	
	

	          Wooden Disk Whorls
	2
	p = 0.044
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     
	
	
	

	          Ceramic Disk Whorls
	46
	
	

	          Modelled Whorls
	17
	p = 0.604
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Ceramic Disk Whorls
	46
	
	

	          Stone Disk Whorls
	1
	p = 0.105
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	         Wooden Disk Whorls
	2
	
	

	         Modelled Whorls
	17
	p = 0.063
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	2
	
	

	          Modelled Disk Whorls
	1
	p = 0.221
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Modelled Disk Whorls
	17
	
	

	          Stone Disk Whorls
	1
	p = 0.148
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Wooden Disk Whorls
	9
	p = 0.007
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	24
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Stone Disk Whorls
	2
	p = 0.016
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Whorls
	24
	p =0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Disk Whorls
	2
	p = 0.058
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Modelled Disk Whorls
	24
	
	

	          Stone Disk Whorls
	2
	p = 0.021
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Wooden Disk Whorls
	7
	p = 0.189
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	24
	p = 0.003
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Stone Disk Whorls
	2
	p = 0.574
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	7
	
	

	          Modelled Whorls
	24
	p = 0.906
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	7
	
	

	          Modelled Disk Whorls
	2
	p = 0.242
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Modelled Disk Whorls
	24
	
	

	          Stone Disk Whorls
	2
	p = 0.038
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Wooden Disk Whorls
	9
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          Ceramic Disk Whorls
	64
	
	

	          Modelled Whorls
	24
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Ceramic Disk Whorls
	64
	
	

	          Stone Disk Whorls
	2
	p = 0.120
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Whorls
	24
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Disk Whorls
	2
	p = 0.034
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Modelled Disk Whorls
	24
	
	

	          Stone Disk Whorls
	2
	p = 0.048
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.


Culture Area Analysis:

Summary of Whorl Variation Within Culture Areas

	Time Period by Culture Area
	Count
	Probability
	Conclusion

	Pueblo II Sinagua Whorls
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	20
	
	

	          Modelled
	9
	p = 0.144
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	   Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	30
	
	

	          Modelled
	13
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	    Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	33
	
	

	          Modelled
	14
	p = 0.004
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	33
	
	

	          Modelled
	14
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Pueblo II to Pueblo III Sinagua Whorls
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	8
	
	

	          Modelled
	17
	p = 0.221
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	   Outer Diameter
	24
	
	

	          Ceramic Disk Whorls
	21
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          Modelled
	
	
	

	
	
	
	

	    Inner Diameter
	23
	
	

	          Ceramic Disk Whorls
	21
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          Modelled
	
	
	

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	27
	
	

	          Modelled
	19
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Pueblo III Sinagua Whorls
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	38
	
	

	          Modelled
	18
	p = 0.587
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	   Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	42
	
	

	          Modelled
	24
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	    Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	42
	
	

	          Modelled
	24
	p = 0.001
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	42
	
	

	          Modelled
	24
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Pueblo II to Pueblo III Kayenta Anasazi Whorls
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	8
	
	

	          Wooden Disk Whorls
	9
	p = 0.004
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          
	
	
	

	          Ceramic Disk Whorls
	8
	
	

	          Modelled Whorls
	2
	p = 0.432
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Modelled Whorls
	2
	p = 1.00
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Outer Diameter
	
	
	

	          Ceramic Disk Whorls
	13
	
	

	          Wooden Disk Whorls
	15
	p = 0.055
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	          
	
	
	

	          Ceramic Disk Whorls
	13
	
	

	          Modelled Whorls
	2
	p = 0.027
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	15
	
	

	          Modelled Whorls
	2
	p = 0.025
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Inner Diameter
	
	
	

	          Ceramic Disk Whorls
	17
	
	

	          Wooden Disk Whorls
	14
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          
	
	
	

	          Ceramic Disk Whorls
	17
	
	

	          Modelled Whorls
	2
	p = 0.549
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	14
	
	

	          Modelled Whorls
	2
	p = 0.046
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	17
	
	

	          Wooden Disk Whorls
	15
	p = 0.010
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	          
	
	
	

	          Ceramic Disk Whorls
	17
	
	

	          Modelled Whorls
	2
	p = 0.024
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	15
	
	

	          Modelled Whorls
	2
	p = 0.655
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Pueblo III Wupatki Whorls
	
	
	

	     Weight
	
	
	

	          Ceramic Disk Whorls
	5
	
	

	          Wooden Disk Whorls
	2
	p = 0.052
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Ceramic Disk Whorls
	5
	
	

	          Stone Disk Whorls
	1
	p = 0.072
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	2
	
	

	          Stone Disk Whorls
	1
	
	Sample Size Too Small

	
	
	
	

	     Outer Diameters
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Wooden Disk Whorls
	9
	p = 0.003
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Stone Disk Whorls
	2
	p = 0.182
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Stone Disk Whorls
	2
	p = 0.034
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Inner Diameters
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Wooden Disk Whorls
	7
	p = 0.153
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Stone Disk Whorls
	2
	p = 0.739
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	          Wooden Disk Whorls
	7
	
	

	          Stone Disk Whorls
	2
	p = 0.242
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Thickness
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Wooden Disk Whorls
	9
	p = 0.009
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Ceramic Disk Whorls
	6
	
	

	          Stone Disk Whorls
	2
	p = 0.046
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Wooden Disk Whorls
	9
	
	

	          Stone Disk Whorls
	2
	p = 0.058
	p >.05:  Retain Null Hypothesis -- Spinning function the same.


Culture Area Analysis:

Summary of Whorl Variation between Culture Areas
	Material Type by Time Period 
	Count
	Probability
	Conclusion

	Pueblo II Ceramic Whorls
	
	
	

	Weight
	
	
	

	     Cohonina
	11
	
	

	     Eastern Anasazi
	3
	p = 0.586
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	11
	
	

	     Kayenta Anasazi
	6
	p = 0.131
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	11
	
	

	     Sinagua
	20
	p = 0.256
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Kayenta Anasazi
	6
	p = 0.195
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Sinagua
	20
	p = 0.683
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	6
	
	

	     Sinagua
	20
	p = 0.808
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Outer Diameter
	
	
	

	     Cohonina
	14
	
	

	     Eastern Anasazi
	3
	p = 0.131
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	14
	
	

	     Kayenta Anasazi
	7
	p = 0.101
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	14
	
	

	     Sinagua
	30
	p =0.131
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Kayenta Anasazi
	7
	p = 0.909
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Sinagua
	30
	p = 0.616
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	     Kayenta Anasazi
	7
	
	

	     Sinagua
	30
	p = 0.713
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Thickness
	
	
	

	     Cohonina
	15
	
	

	     Eastern Anasazi
	3
	p = 0.677
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	15
	
	

	     Kayenta Anasazi
	8
	p = 0.605
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	15
	
	

	     Sinagua
	33
	p = 0.343
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Kayenta Anasazi
	8
	p = 0.918
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Sinagua
	33
	p = 0.585
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	8
	
	

	     Sinagua
	33
	p = 0.779
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Cohonina
	15
	
	

	     Eastern Anasazi
	3
	p = 0.011
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Cohonina
	15
	
	

	     Kayenta Anasazi
	8
	p = 0.076
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Cohonina
	15
	
	

	     Sinagua
	33
	p = 0.540
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Kayenta Anasazi
	8
	p = 0.101
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	3
	
	

	     Sinagua
	33
	p = 0.014
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	
	
	
	

	     Kayenta Anasazi
	8
	
	

	     Sinagua
	33
	p = 0.087
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Pueblo II to Pueblo III Period Ceramic Whorls
	
	
	

	Weight
	
	
	

	     Eastern Anasazi
	1
	
	

	     Kayenta Anasazi
	8
	p = 0.437
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Sinagua
	8
	p = 1.00
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Winslow Anasazi
	1
	p = 0.317
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	8
	
	

	     Sinagua
	8
	p = 0.636
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	8
	
	

	     Winslow Anasazi
	1
	p = 0.120
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	8
	
	

	     Winslow Anasazi
	1
	p = 0.245
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Outer Diameter
	
	
	

	     Eastern Anasazi
	1
	
	

	     Kayenta Anasazi
	13
	p = 0.710
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Sinagua
	24
	p = 0.488
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Winslow Anasazi
	1
	p = 0.317
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	13
	
	

	     Sinagua
	24
	p = 0.040
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Kayenta Anasazi
	13
	
	

	     Winslow Anasazi
	1
	p = 0.107
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     Sinagua
	24
	
	

	     Winslow Anasazi
	1
	p = 0.127
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Thickness
	
	
	

	     Eastern Anasazi
	1
	
	

	     Kayenta Anasazi
	17
	p = 0.562
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     Eastern Anasazi
	1
	
	

	     Sinagua
	27
	p = 0.385
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Winslow Anasazi
	1
	p = 0.317
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	17
	
	

	     Sinagua
	27
	p = 0.001
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Kayenta Anasazi
	17
	
	

	     Winslow Anasazi
	1
	p = 0.101
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	27
	
	

	     Winslow Anasazi
	1
	p = 0.193
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Eastern Anasazi
	1
	
	

	     Kayenta Anasazi
	17
	p = 0.440
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Sinagua
	23
	p = 0.096
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	1
	
	

	     Winslow Anasazi
	1
	p = 1.00
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Kayenta Anasazi
	17
	
	

	     Sinagua
	23
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Kayenta Anasazi
	17
	
	

	     Winslow Anasazi
	1
	p = 0.440
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Sinagua
	23
	
	

	     Winslow Anasazi
	1
	p = 0.096
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Pueblo III Period Ceramic Whorls
	
	
	

	 Weight
	
	
	

	     Eastern Anasazi
	7
	
	

	     Sinagua
	38
	p = 0.888
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	7
	
	

	     Wupatki
	5
	p = 0.808
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	38
	
	

	     Wupatki
	5
	p = 0.705
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	 Outer Diameter
	
	
	

	     Eastern Anasazi
	12
	
	

	     Sinagua
	42
	p = 0.731
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Wupatki
	6
	p = 1.000
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Kayenta Anasazi
	1
	p = 0.108
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Wupatki
	6
	p = 0.925
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Kayenta Anasazi
	1
	p = 0.147
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Wupatki
	6
	
	

	     Kayenta Anasazi
	1
	p = 0.134
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	 Thickness
	
	
	

	     Eastern Anasazi
	12
	
	

	     Sinagua
	42
	p = 0.677
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Wupatki
	6
	p = 0.066
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Kayenta Anasazi
	1
	p = 0.107
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Wupatki
	6
	p = 0.072
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Kayenta Anasazi
	1
	p = 0.125
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Wupatki
	6
	
	

	     Kayenta Anasazi
	1
	p = 0.134
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Eastern Anasazi
	12
	
	

	     Sinagua
	42
	p = 0.008
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Wupatki
	6
	p = 0.031
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	     Eastern Anasazi
	12
	
	

	     Kayenta Anasazi
	1
	p = 0.108
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Wupatki
	6
	p = 0.963
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Sinagua
	42
	
	

	     Kayenta Anasazi
	1
	p = 0.443
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Wupatki
	6
	
	

	     Kayenta Anasazi
	1
	p = 0.317
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Pueblo II to Pueblo III Period Modelled Whorls
	
	
	

	Weight
	
	
	

	     Kayenta Anasazi
	2
	
	

	     Sinagua
	17
	p = 0.046
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	Outer Diameter
	
	
	

	     Kayenta Anasazi
	2
	
	

	     Sinagua
	21
	p = 0.038
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Thicknessr
	
	
	

	     Kayenta Anasazi
	2
	
	

	     Sinagua
	19
	p = 0.632
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Kayenta Anasazi
	2
	
	

	     Sinagua
	21
	p = 0.043
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.


Culture Area Analsys:

A Comparison of the Kayenta and Wupatki Wooden Disk Whorls

	Material Type
	Count
	Probability
	Conclusion

	Wooden Whorls
	
	
	

	Weight
	
	
	

	     Pueblo II Kayenta Anasazi
	9
	
	

	     Pueblo III Wupatki
	2
	p = 0.346
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Outer Diameter
	
	
	

	     Pueblo II Kayenta Anasazi
	15
	
	

	     Pueblo III Wupatki
	9
	p = 0.000
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Thickness
	
	
	

	     Pueblo II Kayenta Anasazi
	15
	
	

	     Pueblo III Wupatki
	9
	p = 0.018
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Pueblo II Kayenta Anasazi
	14
	
	

	     Pueblo III Wupatki
	7
	p = 0.040
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.


Culture Area Analysis:

Summary of Temporal Whorl Variation Within Culture Areas

	Material Type by Culture Area Designation
	Count
	Probability
	Conclusion

	     Sinagua Modelled Whorls
	
	
	

	     Weight
	
	
	

	          Pueblo II
	9
	
	

	          Pueblo II to Pueblo III  
	17
	p = 0.590
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II
	14
	
	

	          Pueblo III
	24
	p = 0.928
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II to Pueblo III
	17
	
	

	          Pueblo III
	18
	p = 0.520
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Inner Diameter
	
	
	

	          Pueblo II
	21
	
	

	          Pueblo II to Pueblo III  
	14
	p = 0.362
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II
	14
	
	

	          Pueblo III
	24
	p = 0.638
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II to Pueblo III
	21
	
	

	          Pueblo III
	24
	p = 0.147
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Thickness
	
	
	

	          Pueblo II
	14
	
	

	          Pueblo II to Pueblo III  
	19
	p = 0.813
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II
	14
	
	

	          Pueblo III
	24
	p = 0.155
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II to Pueblo III
	19
	
	

	          Pueblo III
	24
	p = 0.094
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Outer Diameter
	
	
	

	          Pueblo II
	13
	
	

	          Pueblo II to Pueblo III  
	21
	p =0.645
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II
	13
	
	

	          Pueblo III
	24
	p =0.874
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	          Pueblo II to Pueblo III
	21
	
	

	          Pueblo III
	24
	p =0.838
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	     Sinagua Ceramic Whorls
	
	
	

	     Weight
	
	
	

	          Pueblo II
	
	
	

	          Pueblo II to Pueblo III  
	
	
	

	          Pueblo III
	
	p = 0.054
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Inner Diameter
	
	
	

	          Pueblo II
	33
	
	

	          Pueblo II to Pueblo III  
	44
	
	

	          Pueblo III
	66
	p = 0.107
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Thickness
	
	
	

	          Pueblo II
	33
	
	

	          Pueblo II to Pueblo III  
	27
	p = 0.024
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	          Pueblo II
	33
	
	

	          Pueblo III
	42
	p = 0.175
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	          Pueblo II to Pueblo III
	27
	
	

	          Pueblo III
	42
	p = 0.118
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Outer Diameter
	
	
	

	          Pueblo II
	30
	
	

	          Pueblo II to Pueblo III  
	66
	
	

	          Pueblo III
	45
	p = 0.456
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Eastern Anasazi Ceramic Whorls (Only 1 PII - PIII whorl therefore excluded from analysis)
	
	
	

	     Weight
	
	
	

	          Pueblo II
	3
	
	

	          Pueblo III
	7
	p = 0.305
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Inner Diameter
	
	
	

	          Pueblo II
	3
	
	

	          Pueblo III
	12
	p = 0.060
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	
	
	
	

	
	
	
	

	     Thickness
	
	
	

	          Pueblo II
	3
	
	

	          Pueblo III
	12
	p = 0.309
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Outer Diameter
	
	
	

	          Pueblo II
	3
	
	

	          Pueblo III
	12
	p = 0.312
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Kayenta Ceramic Whorls
	
	
	

	     Weight
	
	
	

	          Pueblo II
	
	
	

	          Pueblo II to Pueblo III  
	
	
	

	          Pueblo III
	
	p = 0.796
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Inner Diameter
	
	
	

	          Pueblo II
	
	
	

	          Pueblo II to Pueblo III  
	
	
	

	          Pueblo III
	
	p = 0.199
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Thickness
	
	
	

	          Pueblo II
	
	
	

	          Pueblo II to Pueblo III  
	
	
	

	          Pueblo III
	
	p = 0.122
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	     Outer Diameter
	
	
	

	          Pueblo II
	
	
	

	          Pueblo II to Pueblo III  
	
	
	

	          Pueblo III
	
	p = 0.874
	Krustal Wallis Test:  p >.05:  Retain Null Hypothesis -- Spinning function the same.


Culture Area Analysis:

A Comparison of Sinagua and Hohokam Modelled Whorls

	Modelled Whorls by Culture Area Designation
	Count
	Probability
	Conclusion

	Weight
	
	
	

	     Sinagua
	43
	
	

	     Hohokam
	42
	p = 0.735
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Inner Diameter
	
	
	

	     Sinagua
	29
	
	

	     Hohokam
	59
	p = 0.402
	p >.05:  Retain Null Hypothesis -- Spinning function the same.

	
	
	
	

	Outer Diameter
	
	
	

	     Sinagua
	50
	
	

	     Hohokam
	58
	p = 0.020
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.

	
	
	
	

	Thickness
	
	
	

	     Sinagua
	50
	
	

	     Hohokam
	57
	p = 0.010
	p < .05:  Reject Null Hypotheis -- Spinning function not the same.


�I will be analyzing the modeled (bead) whorls.


�Material Type Codes:  1=Ceramic, 2=Wood, 3=Modeled, 4=Stone.


�Material Type Codes:  1=Ceramic, 2=Wood, 3=Modeled, 4=Stone.


�Time Period 4 Codes:  F=Pueblo II through Pueblo III, G=Pueblo III.
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