Archaeology of the Lower Pecos Canyonlands
Archaeology of the Lower Pecos Canyonlands



[image: Pictographs from the Pecos River Basin, Texas.]


Johns Hopkins University
AS.430.800 Capstone for GIS
Final Project Report

By Logan T. Ralph





Introduction
	The main problem with sharing archaeological data with others is finding disparate sources of data and presenting them in a way that is easily consumed by the modern public. Since most archaeological data consist of drawings, field notes, dusty reports, old photographs, and paper sketch maps lying forgotten in museum drawers, it is extremely difficult to quickly and effectively share them with others. Through modern relational database management system (RDBMS) design, mapping and visualization using contemporary GIS techniques, archaeological site data can be transformed into visually stunning and compelling stories about the past. 
	The goal of this project is to create a relational database management system, online GIS, ESRI Story Map and technical report that illustrates the prehistoric archaeology of the Lower Pecos region of Texas, specifically, before and after the construction of a dam and the creation of the Amistad Reservoir along the Rio Grande (or Rio Bravo del Norte, as it is also known). The study area is centered on the mouth of the Pecos River extending approximately 150 km north and south of the Rio Grande and east-west along the Rio Grande from Del Rio, Texas, west to the town of Langtry, Texas (Figure 1). Using GIS techniques, the story of the prehistoric people of the area, and the professional archaeologists who conducted work during the Texas Archeological Salvage Project (TASP) prior to the impoundment of the water within the reservoir will be told. The topic will focus on sites that have been adversely impacted (i.e. covered) by the waters of the Rio Grande, although other relevant, nearby sites will be included to describe the cultural history of the area. In addition, analysis of select data will be employed to illustrate patterns in archaeological sites in the Lower Pecos region. 
Data
	A large dataset comprised of archaeological site records from the Texas Site Atlas (the online clearinghouse of archaeological data for the state of Texas) was downloaded early in 2018. This dataset contains almost 2,000 site records from Valverde County, Texas, and encompasses the bulk of the data collected for the current project. This project does not seek to transform all of this data into one large relational database management system that can be queried, geoprocessed, and visualized; rather the project will seek to create a proof-of-concept for the transformation of several sets of archaeological data files. There are several .csv files containing archaeological site data that will be utilized for this project: a .csv format table with locational site data only, a .csv format table that contains data specific to early work conducted during TASP, and a .csv format table that contains approximately half of all the archaeological site data in Val Verde County. In addition, an Excel format table that contains radiocarbon dated site data was obtained from Dr. Solveig Turpin and represents a digital version of a table shown in a research paper in the Bulletin of the Texas Archaeological Society (Turpin and Eling 2017:108-117). Many of the digital images used in the ESRI Story Map are available courtesy of Texas Beyond History, Texas Archaeological Society, Texas Archaeological Research Lab (TARL), and the Shumla School. As site location information is protected by the National Historic Preservation Act of 1966 (as amended), Title III §304 and by the Texas Antiquities Code §191.004, shapefiles containing archaeological site location data are not intended for public distribution. However, since ArcGIS Online is secure (password protected), data spillage of sensitive archaeological site data and locations will not occur. In addition, the shapefile is not shared with other AGOL groups or organizations, so unauthorized users will not be able to download and share archaeological site location data. 

Environmental Overview
Physiographic and Geomorphic Context
	The Lower Pecos archaeological region is originally defined by Turpin (1995:541) as centered on the mouth of the Pecos River extending approximately 150 km north and south of the Rio Grande and east-west along the Rio Grande from Del Rio, Texas, west to the town of Langtry, Texas (see Figure 1). The Rio Grande is joined by the last two major streams that feed its middle and lower stretches—the Pecos River, and the Devils River—it is the juncture of these three rivers that forms the core of the Lower Pecos region. The southern extent is unknown, but believed to lie in the Burro Mountains of northern Coahuila, Mexico (Taylor and Rul 1960). These geographic boundaries are based on the distribution of unique cultural expressions such as the Pecos River Style pictographs, distinctive projectile point styles, and dry rock shelters.	
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Figure 1. Project Area
	The area is located on the southwestern edge of the Edwards Plateau at the intersection of three major biotic provinces of Texas (Blair 1950, Dering 2002). The chaparral brush lands of the Tamaulipan province in south Texas are located to the south and east, while the oak and juniper woodlands of the Balconian province are adjacent to the north. The desert Chihuahuan province is located to the west and south in west Texas and northern Mexico (Figure 2). Deep limestone canyons are prevalent within the area which contain trees such as native pecans, little leaf walnuts, oak, and mesquite, while the rolling uplands above are covered with Texas persimmon, prickly pear cactus, desert hackberry, lechugilla, acacia, yucca, and sotol (Dering 2005:247). The deep canyons and porous limestone geological formations of the region formed during the Cretaceous (Freeman 1968) gave rise to numerous permanent or temporary streams and springs that occur mainly along the Balcones fault zone where artesian aquifers come in contact with impervious geological formations, forcing the water to escape to the surface under pressure. 
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Figure 2. Biotic Provinces of Texas
Fauna and Flora Communities
	A wide diversity of flora and fauna exist within the region due to its unique placement at the boundaries of three biotic provinces. Primary animal resources within the region include bison (Bison bison), white-tailed deer (Odocoileus virginianus), cottontail rabbit (Sylvilagus audubonii), jackrabbit (Lepus californicus), turkey (Meleagris gallopavo), coyote (Canis latrans), spotted bass (Micropterus punctulatus), catfish (Ictalurus sp.), and various rodents and birds. Numerous species of snakes and lizards were also prevalent in prehistoric diets (Dering 2005). 
	Floral resources that have a potential use for food, fiber, and wood include lechugilla (Agave lechuguilla), sotol (Dasylirion wheeleri), mesquite (Prosopis juliflora), native pecan (Carya illinoensis), little leaf walnut (Juglans microcarpa), oak (Quercus sp.), juniper (Juniperus sp.), beargrass (Nolina sp.), willow (Salix sp.), Texas persimmon (Diospyros texana), prickly pear cactus (Opuntia sp.), desert hackberry (Celtis pallida), yucca (Yucca elata), cattail (Typha sp.), creosote (Larrea tridentate), onion (Allium sp.), pigweed (Chenopodium sp.), amaranth (Amaranthus sp.), sunflower (Helianthus sp.), grape (Vitis sp.), and various grasses (Poaceae sp.)(Riley 2010). 
	Archaeological evidence of fauna and floral resources comes from zooarchaeological and ethnobotanical studies conducted at Hinds Cave (Andrews and Adovasio 1980), Fate Bell Shelter, Murrah Cave, and Baker Cave (Hester 1978), as well as four burned rock midden sites in northern Val Verde County (Cliff et al. 2003). 
Modern Climate
	The modern environment is a shrub-short grass savanna comprised of a mixture of grasses, shrubs, and trees (McMahn et al. 1984). The region is situated within a major climatic transition zone and contains characteristics from each of the adjacent areas. Depending on the local conditions, the area may favor shrubs or grasslands. The southeastern edge of the Lower Pecos Canyonlands is part of the mesquite-acacia savannah of southern Texas. To the west, vegetation rapidly grades into sotol-lechuguilla-creosote bush vegetation typical of the Chihuahuan Desert. Despite the fact that the region is technically a savannah, woody plants dominate the vegetation in most upland areas within the boundaries of the reservoir today. Prior to the introduction of sheep, goats, and cattle during the historic and modern ranching era, the upland areas of the Lower Pecos region had extensive grasslands, and during wet climatic intervals the grasslands flourished, and herds of buffalo migrated into the area. Deeply incised canyons dissect the limestone shelf that the region is situated upon, and small seep springs and tinajas can be found in many of the canyons. 
	The climate of the region is highly variable and unpredictable. While the northeastern portion of the region nearest the Edwards Plateau receives, on average, 19 inches of rain per year, the southwestern portions nearest to the Chihuahuan Desert province may receive as little as 10 inches of rainfall per year. The Lower Pecos climatic region has a semiarid, subtropical climate with dry winters and hot summers; it has a greater degree of year-to-year rainfall variation than any other semiarid region in the world, except for northeastern Brazil (Norwine 1995:140). Rainfall is highly unpredictable and drier-than-normal years are much more common than extremely wet years. Most precipitation occurs in two peaks, one in spring (April-May) and one in early fall (September-October), both fueled by thunderstorms at frontal boundaries fed by moisture from the Gulf of Mexico and sometimes the Pacific. The driest months of the year occur in winter from November to March, and in summer from June to August. The frost-free period averages 300 days between February 13 and December 8. The average annual temperature is 70ºF, ranging from a low of 51ºF in January to a high of 86ºF in July (Office of the State Climatologist 1987).
Paleoenvironment
	Archaeologists use information about paleoenvironmental studies as a framework from which to consider the economy of prehistoric inhabitants within a region. Interpretations of pollen analysis from dry rock shelter deposits, packrat middens, and coprolites (fossilized feces) containing prehistoric vegetative remains has provided valuable information toward reconstructing the paleoenvironment of the Lower Pecos region. When Paleoindian peoples first arrived circa 12,000 B.P., a cool, mesic savanna environment that supported herds of now-extinct Pleistocene megafauna was present. The disappearance of bison from archaeological deposits after 10,000 B.P., and the decrease in pine pollen in the region (Bryant and Holloway 1985) illustrate that climatic conditions became increasingly arid throughout the Holocene (Dering 2002) and peaked in the Middle Archaic; subsequently, a brief mesic interval occurred around 3,000 years ago (Turpin 1995), as marked by an increase in pine and grass pollen frequencies in palynological reconstructions and the presence of buffalo from several sites in the region. Evidence from Hinds Cave (41VV456) shows that desert plants common to the region today, such as lechuguilla, yucca, sotol, acacia, prickly pear, shin oak, mesquite and juniper were well established in the Lower Pecos region by 9,000 B.P. For example, a correlation of ethnohistoric literature and dietary data from coprolites found in Hinds Cave indicates that the Archaic peoples’ subsistence strategy focused on seasonal resource exploitation of desert plants and was remarkably stable for approximately 8,000 years (Riley 2010). Mesic conditions reappeared late in prehistory or early history, and subsequently returned to drought during a long-term drying trend with the introduction of domesticated animals such as goats, sheep, and cattle in the 1880s (Turpin 1995:541).
Cultural Overview of the Lower Pecos Region
	The Lower Pecos region is the smallest of the defined cultural regions of Texas; its geographic boundaries are based on the regionally specific characteristics, namely, the distribution of unique cultural expressions such as the Pecos River Style pictographs, distinctive projectile point styles, and archaeological deposits found in dry rock shelters. Several important research issues in archaeology can be addressed in the region. These include the nature of hunter-gatherer mobility and organization in semi-arid environments characterized by spatially and temporally available resources, and the social and ecological aspects of prehistoric lifeways as expressed in a diverse and elaborate body of rock art and well-preserved perishable artifacts found in dry rock shelters. The prehistory of the region is important for understanding long-term adaptive change and regional social and economic interaction at the nexus of three biotic zones in Texas. The cultural prehistory of the area is divided into four periods: Paleoindian, Archaic, Late Prehistoric, and Historic. Additionally, it is expanded into eleven sub-periods (including one phase and one probable horizon) which culminates in the historic period of today. Here we will give approximate date ranges in years before present (B.P.). Note that there is not a direct date range relationship between periods and sub-periods due to error estimates in radiocarbon assays. 
Paleoindian Period (<12,000-9,800 B.P.)
	The populations of the Paleoindian period are the earliest documented presence of humans in the Lower Pecos region, and were present as early as 12,000 to 14,500 years ago when the climate was relatively cool and moist compared to present day. The Paleoindian period is divided into two sub-periods – Aurora (14,500-11,900 B.P.) and Bonfire (10,700-9,800 B.P) based on functional and stylistic differences in analyzed projectile point assemblages, and twelve radiocarbon dates from dry rock shelter sites in the area (Turpin and Eling 2017). Paleoindian adaptions in the Aurora sub-period suggest small, highly mobile, egalitarian bands of hunter-gatherers with subsistence centered on hunting big-game animals such as extinct species of bison, as indicated in Bonebed 1 at Bonfire Shelter (Bement 1986). The evidence that Paleoindian inhabitants in the area hunted other megafauna, such as horses, camel, mountain deer, and short-faced bear came from excavations conducted in 1967 at Cueva Quebrada (Lundelius 1984), although a retraction of the claim that stone artifacts were associated with these deposits was published later (Collins 1976); as it turned out, the items in question were actually found at Conejo Shelter and simply had been mislabeled.  Paleoindian culture is represented primarily by isolated finds of projectile points and from C-14 dates collected from four sites: Bonfire Shelter, Hinds Cave, Coontail Spin, and Arenosa Shelter. Lanceolate projectile points such as Clovis, Folsom and Plainview, in addition to other flaked-stone tools and debitage, are encountered in archaeological deposits from these sites and as isolated occurrences in the Lower Pecos. Four uncalibrated radiocarbon dates from Bonebed 2 at Bonfire Shelter, associated with Plainview and Folsom style lanceolate projectile points and projectile point fragments, indicate Paleoindian use as a bison kill site during the Bonfire sub-period (Prewitt 2007:150). 
Late Paleoindian Period (9,400-9,000 B.P.)
	The Late Paleoindian period is marked by the Oriente sub-period (9,400-8,800 B.P.) and is based on a continuation of the lithic technology, evidence of the beginnings of Archaic adaptations, and six radiocarbon dates (Turpin 1995, Turpin and Eling 2017). This time period marks distinct changes in the lifeways of groups in the Lower Pecos region and is reflected in changes in the artifact assemblage. Projectile point styles became more diverse and localized, with Angostura and Golondrina style dart points recovered from the area, and Clear Fork tools found in associated with stratified cultural deposits at Baker Cave (Hester 1978:106). As the large megafauna became extinct at the end of the Pleistocene, groups targeted smaller game and more plant resources. Late Paleoindian culture is represented primarily by isolated finds of projectile points and from C-14 dates collected from three sites: Baker Cave, Hinds Cave, and the Devils Mouth. Indeed, a well-preserved hearth radiocarbon dated to dating to 9,000 B.P. from Baker Cave contained numerous types of plants, mammals, fish, and reptiles (Hester 1978:109). 
Early Archaic Period (9,000-6,000 B.P.)
	The Early Archaic period is marked by the Viejo sub-period (8,900-5,500 B.P.) and is based on functional and stylistic differences in analyzed projectile point assemblages and 43 radiocarbon dates from dry rock shelter sites in the area (Turpin and Eling 2017). The people in this period were adapting to a changing environment. Increasing aridity and warmer temperatures heralded the onset of the Archaic period, with xeric desert plants such as agave and sotol well established by 9,000 B.P. (Dering 2002). Early Archaic groups began to exploit a wide variety of lower-yield plant and animal resources, and the occupation of rock shelters as the preferred habitation method became the norm. Coprolite evidence from Hinds Cave (41VV456) shows that the pads of the prickly pear cactus, or nopales, have been an important food resource across the Holocene among the human populations occupying the Lower Pecos region.  Prickly pear cactus was an important seasonal resource, both during the summer when their fruit (tunas) were available and during the cool season, when the abundant nopales of these cacti would have been a low calorie but bulky food source (Riley 2010). The human exploitation of the area appears to have followed a similar pattern throughout the Archaic tradition. Painted pebbles and clay figurines mark the artistic expression of the time period (Turpin 1995). Burials in caves and natural sinkholes such as Seminole Sink, where 21 individuals were interred (Turpin 1988), was also practiced at this time. Projectile points characteristic of this period include Baker, Bandy, Early Barbed, Early Stemmed, and Early Corner-Notched types. 
Middle Archaic Period (6,000-3,000 B.P.)
	The Middle Archaic period is divided into two sub-periods – Eagle Nest (5,500-4,100 B.P.) and San Felipe (4,100-3,200 B.P) based on functional and stylistic differences in analyzed projectile point assemblages and 83 radiocarbon dates from dry rock shelter sites in the area (Turpin and Eling 2017). Desert conditions peak in the area during the Eagle Nest sub-period, and changes in projectile point technologies occurred. A distinctly beveled style of projectile point named Pandale first appeared, and a shift towards the labor-intensive procurement and processing of desert succulents occurred around 5,000 B. P. During the San Felipe sub-period, the first and most complex style of pictographs, the Pecos River style, emerged. These pictographs depict shamans, anthropomorphic figures, and animals in a monumental polychromatic style within large murals (Turpin 1994). Shamans are the central characters, while anthropomorphic figures with animal characteristics such as feathers, wings, claws, fur, and horns adorn the periphery. These anthropomorphic figures also carry atlatls, darts, fending sticks, and strange pouches that hang from their elbows. Animals expressed include mountain lion, deer, fish, birds, snakes, and insects (Turpin 1995:547). The Pecos River Style pictographs do not continue into the Late Archaic period. Increases in population density related to the desertification of the region changed strategies for resource procurement from band foraging to task-oriented collecting, and thus an increase in temporary camps and work sites in upland settings. Social strategies to changes in the natural world were met by the intuition of ritual communication of place and/or territory through rock art. 
Late Archaic Period (3,000-1,000 B.P.)
	The Late Archaic period is divided into two sub-periods– Cibola (3,150-2,300 B.P.) and Flanders/Blue Hills (2,300-1,300 B.P.) based on functional and stylistic differences in analyzed projectile point assemblages and 87 radiocarbon dates from the dry rock shelter sites in the area (Turpin and Eling 2017). The beginning of the Late Archaic period (Cibola sub-period) is marked by changes in site distribution, technology, and climatic conditions. Cooler, mesic conditions allowed the grasslands of the Great Plains to recolonize the Lower Pecos region, which brought large herds of migratory bison and the people who hunted them with their characteristic lithic tool kits (Bryant and Holloway 1985, Turpin 1995). Bison bones have been documented at Arenosa Shelter, Castle Canyon, Eagle Cave, and Skyline Shelter (Turpin 1995:548). A distinctive suite of projectile points, including Castroville, Marshall, and Montell, were found in association with bison bones in these and other dry rock shelters. Bonebed 3 in Bonfire Shelter provides incontrovertible evidence of bison in the Lower Pecos region: approximately 800 individual bison were found in association with Late Archaic projectile points and securely dated to 2,800-2,500 B.P. (Dibble and Lorrain 1968:51, Prewitt 2007:152). Rock art depictions of bison hunts are present in an animated, miniature, stick-figure style that appears at this time: Red Linear style pictographs. This pictograph style may be indicative of intrusive groups of bison hunters entering the area. Characteristic executions include processions of headressed warriors with atlatls, hunting scenes with geometric figures that may represent traps or nets, and the ritual depictions of childbirth, pregnancy, and sexual intercourse (Turpin 1995). 
	The Flanders sub-period of the Late Archaic is the most difficult to define within the cultural sequence. The hallmark of this period is the Shumla projectile point, which has antecedents in Coahuila and Nuevo Leon, Mexico to the south of the Lower Pecos area. Presumably, desert-adapted peoples from these areas in modern-day Mexico returned to the area and exploited resources in the Lower Pecos region. The people living at this time left a substantial amount of cultural material at many sites, but the most prolific sites that date to this sub-period were the most poorly excavated, leaving the dating of this sub-period tenuous, at best (Turpin 1995). 
	The final sub-period of the Late Archaic is the Blue Hills period. Characteristic projectile points include Ensor and Frio dart points, which are also spatially distributed across much of Texas. Ornate, painted fiber mats make their first appearance in the archaeological record and are part of a mortuary practice dominated by bundled burials. DNA analysis of individuals from the Shumla Caves and Fate Bell Shelter indicate that these sites were inhabited by semi-sedentary familial groups who established territorial claims at these sheltered locales through burial (Turpin 2018). Patrilocality and patrilineality are evident in the genetic relationships and intrasite distribution of individuals interred at these sites. The terminal Late Archaic blended into the subsequent Late Prehistoric period due the existence of dart and arrow points in strata data to the transitional time period, likely due to the presence of highly disturbed upper deposits in rock shelters where these types of artifacts were found. 
Late Prehistoric Period (1,000-350 B.P.)
	The Late Prehistoric period is divided into the Flecha sub-period (1,300-450 B.P.) and the Infierno phase (450-250 B.P.). Ninety-eight radiocarbon dates fall within this time period, many gathered from thermal features, burials, cremations, and fiber. The Flecha sub-period, so named for the introduction of the bow and arrow to the region (Turpin 1995), is marked by changes in site types, artifact types, rock art styles, settlement patterns, resource exploitation strategies and mortuary practices.  Open sites were favored compared to rock shelters, although rock shelters were still often used. Ring middens consistently date to this sub-period, and two fully developed rock art pictograph styles indicative of intrusive groups appear—the Red Monochrome style and the Bold Line Geometrics style (Turpin 1995:551). Although bundled burials in rock shelters continue into the Late Prehistoric, the practice of bundling may have fallen out of favor over time. Cairn burials, piles of rock placed over individuals and built upon high promontories, begin to appear in the archaeological record. The cremation and disposal of an adult male in Seminole Sink, a vertical shaft cave, was also documented (Turpin 1988). Projectile point styles indicative of the Late Prehistoric period includes Scallorn, Perdiz, Livermore, and Toyah arrow point types (Prewitt 1995).
	The Infierno phase is marked by non-local, intrusive groups such as the Apache, Comanche, and others that were active in the area, as shown by the presence of four-beveled knives, steep end scrapers, triangular stemmed arrow points, plain ceramics, and wickiup and tipi ring features from the archaeological sites dating to this era. Rock shelters were no longer favored site locations; instead, promontories overlooking springs were chosen for residences. Ethnohistoric accounts to bison hunting on a seasonal cycle (i.e. winter) suggest that the grasslands of the Great Plains were once again present in the Lower Pecos region (Turpin 1995:552). 
Historic Period (350-0 B.P.)
	The historic period technically begins in 1590 when Gaspar Castaño de Sosa, the Lt. Governor of Nuevo Leon, Mexico, and a group of approximately 160 followers crossed the Rio Grande near modern-day Ciudad Acuna, Mexico (Hammond and Rey 1966). The sole Spanish mission established in the area did not last long. By 1729, indigenous Native American groups were overrun by Apaches, who were in turn displaced by the Comanches and their Kiowa allies (Weddle 1968:200). The Spanish empire was forced to abandon its colonial population and its frontier by the early 1800s. 
	Anglo-Americans arrived in the early nineteenth century with Texas becoming a sovereign nation by 1836, and subsequently a state within the Union by 1845. Nearby Fort Clark was established in 1852, and Camp Hudson was built at Bakers Crossing on the Devils River in 1857. The Civil War brought one battle to the Lower Pecos region: in 1862, soldiers of Sibley's Brigade took part in the Texas invasion of New Mexico Territory, where they captured several artillery pieces at the Battle of Val Verde. The county takes its name from this historic action: Val Verde, which means "green valley", was named for this battle of the American Civil War. The completion of the southern transcontinental railroad in 1882 opened up the Lower Pecos region to stockmen who grazed their herds of sheep and cattle within the marginal rangeland, forever altering the landscape (Turpin 1995). The modern environment is the byproduct of overgrazing and the natural cycles of drought conditions.
Previous Research
	Archaeological research in the Lower Pecos region can be divided into four eras: museum-funded expeditions in the 1930s searching for collections and specimens for their exhibits, the archaeological salvage program from 1958-1969 that sought to discover and document as many sites as possible prior to the creation of the Amistad Reservoir (known at that time as the Diablo Reservoir), individual and privately-funded research of rock art and dry rock shelter sites conducted under the aegis of the existing state and federal natural and cultural resource laws, and contemporary survey, testing, and limited excavation projects using modern digital techniques, including GIS. 
	The museum studies were the first research conducted in the Lower Pecos region. A project sponsored by the Witte Museum of San Antonio, excavated the Shumla Caves, while excavations at Moorehead and Goat Caves were undertaken by the Smithsonian Institution. The University of Texas at Austin excavated Fate Bell Shelter in 1933 (Pearce and Jackson 1933). The first systematic recordation of rock art also occurred (Kirkland and Newcomb 1999). The second era of research begins with the construction of the dam for Amistad Reservoir: recognizing the significant archaeological resources and their imminent destruction, the National Park Service established the Archeological Salvage Program field office, which was later placed under the control of the University of Texas at Austin and renamed the Texas Archeological Salvage Project. Survey, testing, and several large-scale excavation projects were carried out beginning in the late 1950s and continued through the 1960s (Cheatum 1966, Dibble 1970, Dibble and Lorrain 1968, Epstein 1960, Graham and Davis 1958, Hevly 1966, Lorrain 1966). 
	During the third era of research, conducted under the aegis of newly minted state and federal cultural resource laws, a variety of surveys, testing, and large-scale excavation projects were undertaken. Extensive excavations at Hinds Cave by Texas A&M University (Andrews and Adovasio 1980) and Baker Cave (Hester 1978) were conducted, and palynological studies (Boyd and Dering 1996, Bryant and Holloway 1985) and ecological/archaeological studies (Dering 1999, 2002, 2005) were also undertaken. Excavations and research into Bonfire Shelter also continued (Bement 1986, Johnson 1982, Robinson 1997). At this time, definition of the Lower Pecos archaeological region was explicated (Turpin 1991, 1995). Rock art research studies were also very common in this era (Boyd 1996, 2003, Shafer 1986, Turpin 1994). Research in this era also included a survey of archeological resources and the excavation of Seminole Sink, a prehistoric cemetery in a sinkhole cave (Turpin 1988).
	The latest period of research includes recent survey projects (Cliff et al. 2003), research papers addressing previous work at Bonfire Shelter (Byerly et al 2007, a, b, c, Prewitt 2007), DNA studies (Bousman and Quigg 2006, Turpin 2018) ethnobotanical studies (Riley 2010), compilations of radiocarbon dates (Turpin and Eling 2017), and GIS-related projects (Byerly et al 2005, Gulihur 2017). Several non-profit organizations, such as the Rock Art Foundation, the Shumla School, and the Texas Archaeological Society also continue to conduct research and fieldwork in the Lower Pecos region. 
	For approximately the last twenty years, TARL has used a Microsoft database (.mdb) fillable form called TexSite for entry of site-specific archaeological data. Each archaeological site is thus a row in the .mdb file, and can be exported to other data formats, such as .csv. To date, there are approximately 135 iterations of this program, which means that the number of fields, how those fields were named, what data was collected, and how the data was entered varies by the date when the site was entered into TexSite. Note that this date is different than the date that the site was recorded, due to the limitations of technology in the field. Due to these factors, a custom extract-transform-load (ETL) would have to be created for each select set of archaeological site data in .csv format. Despite the inherent difficulties in working with such data, the existing datasets can be mined to produce more modern, sharable data that can be consumed by other archaeologists and/or the public. In short, there is a huge volume of gray literature and data available, and it can be utilized to create other data products.
	As stated previously, the objectives of this project include creating a relational database management system, online GIS, ESRI Story Map and technical report. These items help to illustrate the prehistoric archaeology of the Lower Pecos region of Texas. In addition, analysis of select data will be employed to illustrate patterns in archaeological sites in the Lower Pecos region. 
Methods
	The first task was to convert selected archaeological site and existing GIS data into a relational database management system (RDBMS) that could be queried, geoprocessed, analyzed and visualized using ArcGIS Online to create the various maps that illustrate the archaeological sites within the ESRI Story Map geo app and within the technical report. A well-designed RDBMS was created and includes the following objectives: 1) the database supports both required and ad hoc information retrieval, 2) the tables were constructed properly and efficiently, with a minimum of redundant data, and 3) every field name in each table accurately, clearly, and unambiguously identifies the characteristic that field represents. This task was accomplished using FME Workbench, a data integration platform software that allows users to connect various applications, transform data, and automate workflows. 
	The goal of this portion of the project was to create an ETL for several .csv files written back to .csv files. This involved creating a set of normalized tables that could be related with joins using primary/foreign keys. The first portion of this workflow uses ArcGIS Pro 2.2.0 to create a shapefile from a .csv table which contains only site locational information; this shapefile was subsequently pushed up into ArcGIS Online as a hosted feature layer. The layer, called ‘TARL_17JAN2018’, contains the same fields as the original table, i.e. ID, TRINOMIAL (primary key), MAP_NUMBER, DATE_ENTER, LATITUDE, LONGITUDE, MAPNAME, EASTING, NORTHING, EASTING_NA, NORTHING_N. In addition, the Excel file containing radiocarbon dated sites in the Lower Pecos region was converted to .csv format for use as a normalized table within the RDBMS. This table, called ‘LPCeditbyperiod’, contains the following fields: TimePeriod, SubPeriod, CalAgeBP, StDev, LabID Trinomial, SiteName, Associations, Reference1, and Reference2. The TRINOMIAL field is a primary key in the TARL_17JAN2018 shapefile, and the Trinomial field is a foreign key in the LPCeditbyperiod table. Since each site can potentially be related to many radiocarbon dates, a one-to-many relationship between these entities was most appropriate. In ArcGIS Online, pop-ups were enabled for the resulting joined hosted feature layer and are subsequently configured to display a custom pop-up which shows the site name, trinomial, and pertinent radiocarbon dates collected there. The pop-up uses the following custom combination of static text and attribute field values in the pop-up: {SiteName} ({Trinomial}), is radiocarbon dated to {CalAgeBP} +/- {StDev} BP.  This C14 date corresponds to the {TimePeriod} period ({SubPeriod} subperiod).
	The second workflow utilizes FME Workbench to create two normalized tables comprised of various archaeological site attributes that can be joined using their Trinomial field as a foreign key to create one-to-one relationships with the TARL_17JAN2018 shapefile, which contains the primary key TRINOMIAL. FME Workbench was also used to delete extraneous fields, create new fields, and resolve multi-part or valued fields into applicable fields within each table. Custom ETLs were created for both tables since each contained different numbers of fields; in addition, many fields were named differently, although the types of data entered were similar. For example, the field ‘CULT_AFF’ (Cultural Affiliation) and the field TIME (Time Period) were named differently in their respective original table formats, however, the type of values entered (the time period when the site was occupied) were the same. FME Workbench was also used to refine field names such that each field conveys the intended meaning clearly, completely, and unambiguously.
	A custom ETL (Figure 3) for the first table comprised of archaeological site data was constructed in this fashion in FME Workbench: first, a reader was extracted from computer files in .csv format. Second, several transformers were applied: ‘Attribute Renamer’, ‘Attribute Keeper’, and ‘Test Filter’. These transformers rename fields, retain selected fields, and test for select data from within fields, respectively, from within the .csv table that is being read. The Attribute Renamer created fields that were written in regular text compared to fields in all capital letters. The ‘Attribute Keeper’ field was used to select the fields most appropriate for the table, thereby removing extraneous fields. The last transformer, ‘Test Filter’, was used to test for select values from within fields. The ‘Test Filter’ transformer parameters are as follows: IF (SiteType) CONTAINS ‘shelter’, ELSE IF (SiteType) CONTAINS ‘open’, ELSE IF (SiteType) CONTAINS ‘burned rock’ OR ‘burnt rock’, ELSE <unfiltered>. The data is subsequently written (or loaded) to four .csv files: rock shelter sites, open sites, burned rock (midden) sites, and all other sites. Filtering the dataset using these broad terms allows the user to retain the most pertinent data from within the SiteType field, since there is some overlap in site types due the way data was entered into the field. 
	[image: A Custom ETL]
Figure 3. Custom ETL for Diablo Reservoir Archaeological Sites
	A custom ETL (Figure 4) for the second table comprised of archaeological site data was constructed in a similar fashion in FME Workbench: first, a reader was extracted from computer files in .csv format. Second, several transformers were applied: ‘Attribute Keeper’, Bulk Attribute Renamer’, ‘Attribute Renamer’, ‘Attribute Creator’, ‘Attribute Manager’, and ‘Test Filter’. These transformers retain selected fields, rename fields in bulk, rename fields, create fields, manage attributes, and test for select data from within fields, respectively, from within the .csv table that is being read. The differences in the amount and type of transformers used to ETL this table were required, in part, because the table contained more fields (n=58) compared to the first archaeological data table (n=35). Not all of these fields were extraneous; rather, some fields, such as the LENGTH_M and WIDTH_M fields were very useful because they contained numerical values that could be used to calculate other fields that were created in this custom ETL, such as ‘SiteArea’. In fact, this new field, which was created using the ‘Attribute Creator’ transformer, was used to visualize a hosted feature layer in a web map, which in turn hydrated a tab in the final web app. This layer used the ‘Counts and Amounts’ option in ArcGIS Online to visualize a select set of archaeological sites as a larger or smaller circle based on its site area. 	[image: Custom ETL]
Figure 4. Custom ETL for Archaeological Sites with Rock Art
	However, most field names in this table were poorly named using acronyms and abbreviations, or the field name was ambiguous, vague, or unclear. In addition, both tables contained multipart or multivalued fields and many fields contained values that consisted of long text strings (e.g. the site description field) or calculated values (concatenated text values). The ‘Attribute Manager’ transformer was used to re-order the fields in the table into a more logical arrangement. The last transformer, ‘Test Filter’, was used to test for select values from within fields. The ‘Test Filter’ transformer parameters are as follows: IF (PictographTypology) CONTAINS ‘Pecos River’, ELSE IF (PictographTypology) CONTAINS ‘Red Linear’, ELSE IF (PictographTypology) CONTAINS ‘Bold Line Geometric’, ELSE IF (PictographTypology) CONTAINS ‘Red Monochrome’, and ELSE <unfiltered>. The data is subsequently written (or loaded) to five .csv files specific to sites that contain specific types of rock art: Pecos River Sites, Red Linear Sites, Bold Line Geometric Sites, Red Monochrome Sites, and all other sites (which do not contain rock art). Filtering the dataset using these broad terms allows the user to retain the most pertinent data from within the SiteType field, since there is some overlap in site types due the way data was entered into the field. 
	The ESRI Story Map Series is titled Archaeology of the Lower Pecos Canyonlands and was created as a supplemental to this technical report using one layer created using ArcGIS Pro and tables created using FME Workbench. The sole layer created in ArcGIS Pro was pushed up into AGOL (ArcGIS Online) and tables were added from local computer files to create the hosted feature layers used in the various web maps that were used in the ESRI Story Map Series geographic web application. An ESRI Story Map Series is a geographic web app template that allows users to present a series via tabs that can contain web maps, images, video, and web content. This type of ESRI Story Map template was chosen because it allows one to effectively tell a story and engage the audience by providing the ability to present massive amounts of various data and content. It is a very effective way to show change over time: as a corollary, the discipline of archaeology seeks to understand how cultures change over time through material culture. Thus, those stories can be told through the latest medium: interactive web GIS.
	Custom pop-ups enable users to click on various features within the layers and see more data about archaeological sites in the Lower Pecos region, for example, site dimensions, associated radiocarbon date(s), the date the site was recorded, and who recorded it. The side ribbon in the web app contains text, site overview photos, site excavation photos, artifact photos, and links to other online information sources, often using ESRI Story Map Actions (underlined text) to facilitate the flow of the overall story. Each tab in the ESRI Story Map Series encapsulates and supplements select sections of this technical report. Two tabs were created for the Environmental Overview section (Lower Pecos Region and Environment tabs), and individual tabs were created for each time period in the Cultural Overview of the Lower Pecos Region section except the Historic section as this project’s focus was the prehistory of the Lower Pecos region. Two additional tabs were created (Pre-Amistad, Post-Amistad tab and Rock Art tab) to illustrate the results of geoprocessing and analysis of selected archaeological data sets. 
	The Lower Pecos Region tab was built using text and images in the side ribbon and a web map that shows a portion of southwest Texas with a black dotted line that represents the boundary of the Lower Pecos cultural area. When users click on the first underlined phrase in the text, the web map automatically zooms out to show the region in relation to the state of Texas. The text describes the archaeological region and how it was defined; the second underlined phrase in the text shows an image used in several research papers (Turpin 1995, Turpin 2018, Turpin and Eling 2017), which is a map that delineates the Lower Pecos cultural area. The four images in this tab can be enlarged by clicking on each image in the side ribbon. 
	The Environment tab was also designed to show using text and images in the side ribbon and a web map that shows the ESRI World Lithology raster layer, which describes the chemistry, mineral composition, and physical properties of the geology in the area. A short description of Val Verde County, Texas, fauna and flora found there is provided. An underlined phrase in the floral resources section of the text takes the user to a web page called ‘Ethnobotany of the Lower Pecos Canyonlands’ which contains a gallery of floral resources as a series of images and additional links. Users can select any of the 38 plants shown to learn more about them and their use by prehistoric peoples. 
	There are six tabs in the geo app for the individual time periods explicated in the Cultural Overview of the Lower Pecos Region section above: Paleoindian, Late Paleoindian, Early Archaic, Middle Archaic, Late Archaic, and Late Prehistoric. The Historic time period was excluded for this study due to space limitations in the geo app and because the focus of this research is the prehistoric archaeology of the Lower Pecos region. Each of these six tabs was built on a web map that contained one layer that shows the archaeological sites that have been radiocarbon dated to that particular time period. Note that only radiocarbon dated sites are shown, and that there are many other sites indicative of each time period that have been dated using relative methods such as seriation of projectile point typologies. Each web map was built from one layer created by converting the Excel format table that contains radiocarbon dated site data to .csv format and joining it to the TARL_17JAN2018 shapefile that contains site location coordinates in AGOL. The resulting hosted feature layer was filtered by the Time Period field to show only radiocarbon dated sites from one time period (e.g. Early Archaic). Each subset of time-specific data was saved as a hosted feature layer (e.g. C14 Early Archaic Sites) that could be added to a web map and pushed up into each individual tab within the ESRI Story Map Series. Images in the side ribbon of each of these tabs can be enlarged by clicking on them. In addition, text specific to the archaeological sites shown in the side ribbon is presented; underlined phrases navigate users to other content, such as additional web content, images, and videos. Most of the sites that were selected to appear in the side ribbon utilize ESRI Story Map Actions to zoom to the specific site location in the main web map on the tab. Users simply click on the site name in the side ribbon and the main map zooms to that specific site; users can click on the site symbol to show a pop-up that illustrates the radiocarbon date(s) that have been collected there. The legend is also present in each tab to show the named archaeological sites displayed in the web map within each tab. 
	The Pre-Amistad/Post-Amistad tab is comprised of a side ribbon with one image and text explaining the impact of the Amistad Reservoir on the archaeological sites in the Lower Pecos region. Instead of a web map, the main portion of this tab is dedicated to an ESRI Story Map Swipe geo app. Users can swipe the bar shown in the geo app to the left to show historic topographic maps (Pre-Amistad Reservoir) and swipe right to show the current imagery basemap (Post-Amistad Reservoir). Archaeological sites within the boundaries of the reservoir are currently underwater and therefore adversely impacted. These archaeological sites are symbolized as blue, green, red, or yellow dots depending on their site typology. Blue dots show rock shelter sites, green dots show ‘open’ sites, red dots are burned rock midden sites, and yellow dots are all other site types. The layer used is the result of the custom ETL for the first table comprised of archaeological site data described above. Users can click on each site after swiping to the right to see a pop-up that contains more information about each site. Swiping left to view the historic topographic maps, users can click on the map to see a pop-up which shows the map author, scale, and year published. Since these historic topographic maps date to the 1940s, users can clearly see the locations of archaeologic sites recorded from 1958-1966 in relation to the river channels in the area prior to Amistad Reservoir construction. 
	The final tab in the geo app (Rock Art) is dedicated to the prehistoric rock art found in the archaeological sites of the Lower Pecos region. The main web map shown when users first click the tab shows all of the archaeological site locations as of January 17, 2018 as a heat map. Since this type of display shows site density as red (high density) or blue (low density) and not individual site locations, pop-ups have been disabled for this layer. The first underlined phrase in the first paragraph of text in the side ribbon shows another web map with a layer displaying all of the radiocarbon dated sites in the area for comparison. Users can click on archaeological sites to display a custom pop-up which shows the site name, trinomial, and pertinent radiocarbon dates collected there. 
	The second paragraph of text in the side ribbon also contains an underlined phrase (ESRI Story Map Action). Once clicked, a web map is displayed. The layer used in this web map is the result of another custom ETL for the second table comprised of archaeological site data described above.  This layer shows a subset of archaeological sites in the area that contain Pecos River Style rock art, and by extension, are also rock shelter sites. The layer was joined to the site location layer and displayed using the Counts and Amounts symbology in AGOL, and shows different size green circles based on the site area in square meters. The smaller the circle, the smaller the site size; the larger the circle, the greater the site size. Users can click on each circle to see a custom pop-up that displays select site information, including the site name (if applicable), trinomial, site typology, dimensions, elevation, aspect, and site size in square meters. The pop-up uses a custom combination of static text and attribute field values: {SiteName} ({Trinomial}) is a {SiteTypology} site dated to the {Period} time period(s) and measures {SiteLengthMeters} meters long by {SiteWidthMeters} meters wide. The rock shelter ceiling is approximately {CeilingMeters} meters in height. Cultural deposits within the rock shelter measure approximately {DepositsMeters} meters deep. The site is situated at an elevation of {AMSL_Meters} meters amsl. and its aspect is {AspectDegrees} degrees. The site area is approximately {SiteSizeSquareMeters} square meters. 
	There is only one image presented in the site ribbon, an excellent example of rock art in the region, which can be enlarged by clicking on it. The third paragraph of text contains a list of sites which contain rock art; ESRI Story Map Actions are used to direct the reader to other images of rock art from the sites. One of these underlined site names takes the user to a 3D video of the rock art found at Panther Cave (41VV83). The embed code for this YouTube video was embedded to show the video using custom dimensions in the window so that the whole frame can be viewed within a web page. The final paragraph of text in the side ribbon in the Rock Art tab contains a short discussion about further analysis conducted to show only the rock shelter sites that face west. An underlined phrase takes the user to another web page which contains a layer created using FME Workbench and AGOL that shows the archaeological sites in the area which meet this criterion. The layer was generated in AGOL by running the Find Existing Locations solutions for the Pecos_River_Style_Archaeological_Sites with the following expression: Pecos_River_Style_Archaeological_Sites where AspectDegrees is between 210 and 290. Users can click on each site to see a custom pop-up that displays select site information, including the site name (if applicable), trinomial, site typology, dimensions, elevation, aspect, and site size in square meters. The pop-up uses a custom combination of static text and attribute field values: {SiteName} ({Trinomial}) is a {SiteTypology} site dated to the {Period} time period(s) and measures {SiteLengthMeters} meters long by {SiteWidthMeters} meters wide. The rock shelter ceiling is approximately {CeilingMeters} meters in height. Cultural deposits within the rock shelter measure approximately {DepositsMeters} meters deep. The site is situated at an elevation of {AMSL_Meters} meters amsl. and its aspect is {AspectDegrees} degrees (roughly west); it is a prime candidate for a seasonally occupied rock shelter inhabited during winter months. The site area is approximately {SiteSizeSquareMeters} square meters. 
Results
	As discussed in the Environment Overview section, the Lower Pecos archaeological region is dominated by three rivers that divide the region into riverine and upland areas which exert a major influence on the distribution of archaeological sites, features, and artifacts across the landscape. Documented cultural resources in the region cluster along the major rivers, their tributaries and springs which contain water year-round, or at seasonally available water sources such as tinajas within the canyons. In this section, a summary of the results of each custom ETL used to create the RDBMS and the ESRI Story Map Series is presented. The results of spatial analysis used to characterize the relationship between archaeological materials and river systems was explored in addition to their implications for understanding the prehistoric activity in the Lower Pecos region.
	The first result of this project was a well-designed RDBMS that can be queried, geoprocessed, and visualized to illustrate various subsets of archaeological site data within Val Verde County. This project demonstrated that the ETLs used in FME Workbench to create the normalized tables in the RDBMS is feasible and replicable. The tables in the RDBMS were created using best practices and contain appropriately named tables that include unambiguous, clearly named fields for the categorization of archaeological site data in a clear and consistent manner. Resolving multipart and multivalued fields into fields that categorized archaeological data in a consistent and clear manner for querying was perhaps the most useful result of the ETL: the ability to classify archaeological sites based on their attributes is essential for the visualization of site types across the landscape. Further refinement of the ETL through additional transformation of the data could lead to more spatial patterns that are not readily apparent in the data at this time.  
	The second result was a visually compelling, easily shared story of the prehistory of the Lower Pecos region that can be appreciated by both professional archaeologists and the public. The ESRI Story Map Series contains ten tabs: Lower Pecos Region, Environment, Paleoindian, Late Paleoindian, Early Archaic, Middle Archaic, Late Archaic, Late Prehistoric, Pre-Amistad/Post-Amistad, and Rock Art. Various interactive web maps, web apps, photographs, videos, and text was incorporated into each tab to tell the story of Lower Pecos archaeology in Texas. Links to additional images, web maps, videos, and other content available on the web were created in the text through ESRI Story Map Actions. As mentioned previously in the Data section above, archaeological site location data is protected by federal and state laws and is not intended for public distribution. Utmost care was taken to ensure that data spillage (the transfer of classified or sensitive information to unaccredited or unauthorized systems, individuals, applications or media) did not occur. Hosted feature layers created by joining site location data and archaeological site data tables were intentionally not shared with other AGOL groups or organizations to prevent data spillage, and the custom pop-ups employed throughout the ESRI Story Map Series geo app were configured to exclude any locational coordinates. My username and password are not written down anywhere or otherwise disclosed to anyone. In short, archaeological site location data is secure and protected within AGOL and from within the geo app. 
	After the custom ETL transformed archaeological site data that contained rock art, spatial analysis was conducted. As mentioned in the Methods section above, one of the resulting four tables from the ETL was joined to the site location layer in AGOL. The resulting hosted feature layer (Pecos River Style Archaeological Sites) was visualized by site size in square meters. Since aspect (in degrees) was recorded, the archaeological sites that face roughly west can be displayed using an SQL query (expression) in AGOL. When comparing these two layers, and by extension, a subset of all archaeological sites in the area, it is striking how many archaeological sites that contain Pecos River Style rock art (n=100) are rock shelters that face roughly west (n=41). If the inference that rock shelters with a western aspect were ideal locations for winter occupations, then 41% might have been occupied during the cooler months of the year. Perhaps rock art painting was a winter activity, visual aids to an oral tradition that told the story of a people in time and space. 
Conclusions
	The goal of this project was to create a relational database management system, ESRI Story Map Series and technical report that illustrated the prehistoric archaeology of the Lower Pecos region of Texas. Using GIS techniques, the story of the prehistoric people of the area, and the professional archaeologists who conducted salvage projects prior to the impoundment of the water within the reservoir was told. The topic focused on archaeological sites that have been adversely impacted (i.e. covered) by the waters of the Rio Grande, although other relevant datasets were included to describe the cultural history of the area and explicate the varied nature of the datasets. In addition, analysis of selected data was employed to illustrate patterns in archaeological sites in the Lower Pecos region. 
	Creating presentations of disparate sources of archaeological data and displaying them in a way that is easily enjoyed by the modern public can be accomplished by mining existing datasets and employing modern RDBMS design, mapping and visualization using contemporary GIS techniques. Archaeological site data can be transformed into visually stunning and compelling stories about the past using such methods. If a picture of an artifact or site is worth a thousand words, geographic applications as supplementals to technical reports are worth millions of words. Ursula K. Le Guin, the American writer and daughter of the famous anthropologist Alfred Kroeber, once said, “The unread story is not a story, it is little black marks on wood pulp. The reader, reading it, makes it live: a live thing, a story.” So too, do the painted images on the walls of rock shelters in a towering canyon come alive when they are viewed, and the viewer, through the act of seeing them, brings them alive in the imagination. We may never know the reasons why these indelible images were rendered on the impermanent limestone walls of rock shelters in the Lower Pecos Canyonlands, however, the stories of prehistoric peoples as expressed though their material culture and art come alive when viewed through the medium of geographic applications as illustrated through this capstone project. 
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