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OUTLINE – Title (Fig 1)
I. Introduction to Water Canyon site
Good afternoon. We would like to thank Lee Bement and Kristen Carlson for organizing this symposium, and Doug Bamforth for agreeing to be our discussant. 
In this presentation, we will examine how the geomorphic and chronometric aspects of an early Holocene Bison antiquus bone bed can potentially bias our interpretation of human behavior at the Water Canyon Paleoindian site.
(Fig 2–location of site in the Southwest and NM) The Water Canyon site is located in west-central New Mexico not far from the Mockingbird Gap Clovis site and closer still to the Black Canyon silicified rhyolite quarry. Situated in a juniper savannah vegetation community in the La Jencia Basin between the Magdalena and Socorro Mountains (Fig 3–location of site in western NM), the open-air Water Canyon site is eroding from within a large series of coalesced alluvial fans emanating from the Magdalena Mountains. The site’s scientific significance derives from a range of noteworthy characteristics: 1) the site is extensive (covering over 9 hectares) and multicomponent, including solid evidence for Clovis, Folsom, Cody/Firstview; Late Paleoindian and Archaic periods of occupation; 2) the site is stratified, intact, and dateable; 3) the site contains at least two Bison antiquus bone beds; and (Fig 4–black mat / wet meadow) 4) the cultural manifestations of the site are found both within and adjacent to a very extensive fossil wetland deposit, or black mat. The black mat was extant over the late Pleistocene-early Holocene (LP-EH) transition and contains an abundance of paleo-environmental proxy data.
II. Locus 1 North
(Fig 5– overview photo of site) As seen in this photo, most loci at the site occupy either very stable settings on Pleistocene-age fan surfaces, such as Loci 2 and 6, or on colluvial slopes at the base of these landforms, such as Loci 3 and 4. Locus 5 and the north part of Locus 1 were revealed in buried, black mat sediments in the vicinity of No Name Arroyo, one of three drainages at the site. (Fig 6 – geologic schematic) The fossil wetlands derived from waters moving through the alluvial fan from the mountains that encountered an uplifted deposit of playa sediments and were forced to the surface. During at least five thousand years over the LP-EH transition, the site setting had abundant water, in the form of standing pools, cienega (or marsh) deposits or simply lush grasslands. The organic remains of these features are expressed today as the black mat. (Fig 7–Yellowstone bison) We imagine that this scene from present-day Yellowstone National Park, serves as an accurate analogue for the ancient Water Canyon site.
Our presentation today focuses on the the buried bone bed and associated artifact assemblage of Locus 1 North. (Fig 8–map of Locus 1 excavation units) This map portrays all the hand-excavated 1-by-1 m units, and some of the backhoe trenches opened between 2008 and 2016 in Locus 1 North. During that period, we recovered a significant number of Bison antiquus skeletal remains, together with associated flaked and ground stone tools, charcoal, and both calcined and burned bone. Radiocarbon dates on bone collagen and charcoal provide an early Holocene (Late Paleoindian) age range between ca. 9300 and ca. 9600 cal yr BP.
(Fig 9–Table 1 faunal assemblage and element representation) Table 1 presents the components of the faunal assemblage, which include 60 identifiable elements representing at least 1 bull, 1 or 2 cows, and 3 juvenile bison and consisting almost exclusively of high utility long bones. (Fig 10–bones during excavations) This figure illustrates some of the extremely well-preserved bones encountered during excavations between 2009 and 2015. A number of the recovered bones (primarily juveniles) exhibited impact cones and green-bone fractures, suggesting that they had been processed for the recovery of marrow. In addition, a cut mark (or hack mark) has been identified on a calcaneus where the heel cord, or Achilles tendon, was removed. 
(Fig 11–Table 2 lithic assemblage) Table 2 lists the flaked, ground and pecked stone artifacts recovered from Locus 1 North, including debitage, conjoining fragments of a hafted knife, end scrapers, multipurpose unifacial and spurred scraper tools, bifaces, pieces of retouched or utilized debitage, an anvil/ground stone and other ground stone fragments. This assemblage is characterized by a relatively high ratio of tools to debitage and a relatively high incidence of multipurpose and scraping tools. The scraping tools suggest the processing of non-meat portions of the carcasses, such as rawhide preparation or the peeling of sinew, while the bifaces, utilized flakes and multipurpose tools reflect the butchering of meat. (Fig 12–examples of Late Paleo lithics) This figure illustrates a few of the Late Paleoindian tools recovered in Locus 1. As already noted, these tools reflect actions consistent with the skinning and butchering of bison. Additional support for this interpretation is provided by the bovid blood protein identified on the large biface fragment.
(Fig 13–sandstone slab and hammerstone) The combined anvil/ground stone found in association with the bones has both striations and planed high points, indicating its use for grinding activities. Numerous impact areas identified on the slab indicate that it had been utilized as an anvil stone as well. This latter interpretation was further supported by the recovery of a spatially associated hammerstone. Preserved on the slab were starch residue and bone marrow lipids. The starch residue points to tuber processing which seems like a reasonable inference given the wetland setting of this deposit. The lipids point to bones being broken against the anvil stone.
Finally, we have charcoal fragments in the upper part of the deposit that represents the remains of a hearth. Burnt and calcined bone fragments are associated with this charcoal. Nine charcoal fragments were radiocarbon dated and the resulting dates were found to be statistically similar with a pooled mean age of ca. 9318 cal yr BP. This age is contemporary with the upper bone collagen age. When taken as a whole, we interpret these assemblages to be the remains of an open air, secondary processing area; however this interpretation may require some refinement in light of geological site formation issues and chronometric concerns.
III. Discussion of site formation processes and chronometric issues
(Fig 14–S-N stratigraphic cross-section) Because the site is located in and on an alluvial fan, the sediments forming the site have been subjected to repeated cut and fill dynamics. This figure provides a schematic illustration of the south-to-north stratigraphy of Locus 1 North and Locus 5. Note the undulating strata which are a consequence of the development and subsequent burial of paleo-channels. (Fig 15–W wall profiles of BT2 and BT3) These west-wall profiles of Backhoe Trenches 2 and 3 (in Locus 1) also show – by the prevalence of large gravel lenses and tubes – the impact of past alluvial and colluvial events during the development of the black mat in the early Holocene. The upper portion of the black mat, as seen in BT3, also had a large wedge of sediment removed from it by channel incision.
Obviously, the repeated occurrence of erosional events in an alluvial fan setting cannot be ignored. Such events may – in low energy cases – affect the patterning of cultural materials or – in high energy cases – cause a loss of cultural data. (Fig 16–gravel encased bone & upright in-situ artifact) Examples of these dynamics are illustrated in this image, where sheet-washed gravels encase a deeply buried bone and where a flaked stone artifact was put into an upright position by fluid dynamics during a sheetwash episode.
IV. Spatial distribution plots of cultural materials
Given the dynamics of alluvial fan formation, to what degree should we expect the spatial integrity of the deposits in Locus 1 North to have been affected over time? To investigate the possibilities, we initially plotted the distribution of the faunal elements in back-plots (where the locations of elements are projected onto a single plane).
(Fig 17–S-N back-plot) This south-to-north back-plot shows the distribution of bone elements and fragments between the approximate top of the black mat and the gleyed sediment beneath it. This plot also illustrates how the orientation of the bone bed feature mimics the trend of the early Holocene landform, sloping down from south to north. Moreover, because the light scatter of bone on the arroyo’s north wall do not conform to the same landform trend, we believe they are associated with the upper bones in the main deposit. This suggests that a portion of the upper bone assemblage had slumped into No Name Arroyo as a consequence of channel erosion and had been largely removed afterwards by a flood event.
(Fig 18–W-E back-plot of fauna with 2 collagen dates) The relationship between the bone assemblage and the landform is once again reflected in the west-to-east back-plot where both the deposit and the landform slope down from west to east (similar to the current gradient of No Name Arroyo).  This plot also suggests a possible gap between the upper-most bones and the denser, lower cluster of bones. But, does this gap mean that the bone bed represents the remains of two different behavioral events or simply that the upper part of the feature had been formed differently than the lower part?
V. Assessing how geomorphology and chronometrics affect the case for two events
To address this possibility, we initially examined the locations of artifacts relative to bones. Although not illustrated here, we discovered that the ground stone was found with the lower bones and the charcoal and burned/calcined bone fragments were clustered with the upper bones. This spatial disparity provides some support for the two-event scenario. Afterwards, we dated bone collagen from both the upper part of the feature (9027-9278 cal yr BP) and the lower part of the feature (9535-9682 cal yr BP). These dates are statistically different and may also provide support for two separate events. However, it is worth noting that the dated samples were processed and analyzed at two different labs and neither collagen sample was pre-treated by ultrafiltration. Thus, the difference in the ages may simply be a consequence of inter-laboratory variation and/or less than rigorous pre-treatment protocols rather than evidence for two cultural events.
(Fig 19–S-N back-plot of bones showing longer elements) To further evaluate the nature of the deposit, we returned to the south-to-north back-plot and plotted the orientations of bone elements that are longer than 6 cm (lines connecting dots). The lower elements are randomly oriented while the upper elements, because they are oriented from east-to-west, all appear essentially as single points. This means the upper level bones were arrayed in the direction of alluvial flows down the fan and the lower bones were not affected in that way. Perhaps this is further support for the two-event scenario.
Before we accepted this two-event explanation, we compared all element sizes between the upper and lower assemblages. The mean length of the upper level faunal assemblage (at ca. 4 cm) is significantly smaller than that of the lower assemblage (at ca. 50 cm). This, coupled with the encasement of bones in the lower level by small gravels, reveals that the entire bone feature was most likely affected by alluvial flows but only by low energy events that oriented small elements and not larger elements. Nevertheless, we are still left with age discrepancies between the upper and lower portions of the assemblage.
VI. Possible behavioral interpretations for the Locus 1 North open-air activity area
	(Fig 20–Possible behavioral interpretations of Locus 1) So, given the data we currently have for Locus 1 North, we are left with two possible interpretations of this open-air processing location. First, we can assert that it represents the remains of a single event where the hearth-centered processing of Bison antiquus occurred together with tuber processing. Bone collagen and charcoal provide an age of ca. 9300 cal yr BP for the event but the older date on the lower bone (ca. 9600 cal yr BP) must be either re-run or discarded as a laboratory error. This is not a very satisfactory result.
	Alternately, we can invoke the two-event interpretation. In this scenario, the older event (at ca. 9600 cal yr BP) represents the processing of a subset of the Bison antiquus assemblage with associated tuber processing. No hearth feature was present. Following that, at ca. 9300 cal yr BP, a hearth-centered processing event utilizing a different subset of Bison antiquus individuals occurred. It is also worth noting that, because these cultural materials were deposited in the early Holocene, we may also have two different species of bison represented – Bison antiquus and Bison bison. Further metric investigations may shed light on this possibility.
VII. Sources of interpretive bias for Locus 1 North open-air activity area
[bookmark: _GoBack]	This exercise underscores the importance of identifying the sources of interpretive bias that can potentially affect open-air assemblages (Fig 21–Sources of interpretive bias). At Water Canyon, a focus on the geomorphological context has shed light on the nature of Locus 1 North, but the resolution of interpretative problems lies largely with a more rigorous and systematic approach to the dating of additional collagen samples. Certainly, the idea that we can employ geomorphic and chronometric methods to better decipher patterns of behavior is not new! But we have found at Locus 1 North that such methods are critically important in complicated alluvial fan settings and, as such, we should use them to guide future research at the Water Canyon site.
VIII. Thank-you and Acknowledgements (Fig 23–End page)
