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PREFACE
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“One of the oldest human needs is

having someone to wonder where you are

when you don’t come home at night.”

—Margaret Mead (1901–1978), American anthropologist

We shall not cease from exploration,

and the end of all our exploring

will be to arrive where we started

and know the place for the first time.

—T.S. Elliot (1888–1965), “Little Gidding, V”

Some people never find it

Some, only pretend, but me -

I just want to live happily ever after,

every now and then.
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—Jimmy Buffett (b. 1946), “Happily Ever After”
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ABSTRACT

 Is there more we can learn about the movement of prehistoric Puebloan people during 

the A.D. 900–1400 time period?  During those moments of time when small groups of people 

dispersed across the landscape and formed aggregated communities.  Some of the answers lie in 

the generally understudied landscape of the federally protected Cibola National Forest in west-

central New Mexico.  This area is on the eastern periphery of a well-documented Zuni region, 

and preliminary archaeological site data revealed the potential to further that knowledge.  During

a 10-day pedestrian survey, 42 archaeological sites containing a variety of traditional Zuni and 

local Lion Mountain pottery types were recorded.  The presence of these Puebloan peoples was 

confirmed through analysis of the ceramics using the accepted Stanley South Mean Ceramic 

Dating techniques.  Patterns of site locations dating from the Pueblo II to Pueblo IV time periods 

were evaluated using ESRI ArcGIS mapping software.  Specific data analysis including nearest 

neighbor, Euclidean distance, and least cost analysis were used to relate the archaeological sites 

to each other and to the Pueblo communities in the southwest.  This recently discovered 

settlement area near Lion Mountain revealed remnants of past Zuni populations and is further 

evidence of the expansion of these prehistoric peoples. The pottery shreds discovered at those 

sites, along with the architecture and specific kiva types, links the distinctive aggregated Zuni 

and Lion Mountain Communities together and allows for further investigations to explore 

settlement organization, exchange networks, and a facet of other archaeological questions.
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INTRODUCTION

 Is there more to know about the prehistoric Zuni people and their culture?  Noble (1981, 

211) states, “Native Americans have been living in the southwest for at least 10,000 years, 

leaving behind them thousands of traces of their existence.”  There is still missing information 

simply waiting to be discovered on the many thousands of acres of remote lands in the western 

United States. One such area is the understudied region that lies within the Cibola National 

Forest in New Mexico. Currently, the well-known Zuni culture region lies in the central border 

area between Arizona and New Mexico, and extensive work by archaeologists has already been 

completed on the large Zuni sites or complexes and their relationship to what is known as the 

Chaco Canyon phenomenon.  This term is widely used in the archaeological literature to refer to 

the very distinct and unusual Chacoan culture (Brown 1995, Lister and Lister 1981, Reid and 

Doyle 1986).  This culture consists of archaeological remains of Great Houses, multi-room 

blocks numbering in the hundreds, and large kivas (religious structures) built in a fairly desolate 

and remote area in northern New Mexico near the Four Corners region of the United States.   

“The Cibola area of east central New Mexico and west central Arizona witnessed a more 

complex series of events than most of the rest of the Southwest (LeBlanc, in Cordell and 

Gumerman 1989, 337).  Why they built there and what was the purpose are topics that are still 

under discussion.  This background knowledge creates a basis for our understanding of Puebloan 

communities and a stepping stone for this project’s discoveries and findings. 
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There has been extensive survey work in the known Zuni regions, and a plethora of 

information exists with mapped sites and their attributes.  R.G. Matson (in Gregory and Wilcox 

2007, 97–100) ponders the notion of the origins of the Zuni people and what important three 

aspects help shape their beginnings:  population size, seasonal round, and group territory.  The 

focus for this project is population size interpreted by site size.  It appears that Zuni, unlike other 

regions in the Southwest, was the central point for transition from small, dispersed populations to

larger, aggregated community around the mid-1200s and beyond (Adams and Duff 2004, Kintigh

1985; Mills and Crown 1995).  Drawing on Frank Hamilton Cushing’s research of the late 1800s 

to early 1900s, many researchers have continued to add to the wealth of knowledge on the Zuni 

region: its prehistoric origins, the cultural and spiritual connections to the environment, and the 

pottery types that distinguish the Zuni culture from other Pueblo cultures.  A vast amount of 

knowledge on dwelling structures, pueblos, surface artifacts, activity areas and the like have been

collected over the decades and can be found in numerous journal articles and books.  Frank 

Hamilton Cushing, a famous field researcher, lived among the Zuni and observed their lifeways 

and recorded them for future generations (Green 1979).  All of this background information is 

essential for this project.

Among this breadth of knowledge are specific pottery types related to the Zuni culture as 

well as other Puebloan cultures in the southwest.  As Hegmon (1995, 229) points out in her book 

on early Puebloan pottery styles in small-scale societies, “Much of what style is involves 

difference.”  This difference aided in the typology of the ceramics from the archaeological sites 

recorded during the survey.  

The local environment in the Cibola National Forest is a mixture of conifer forest 

dominated by Ponderosa pine (Pinus ponderosa), piñon-juniper and sand sagebrush (Figure 1).  
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The lowlands consist of shortgrass prairie.  Interestingly, the word Cibola (pronounced see-bo-

lah) was originally thought to be a Zuni name for pueblo or tribal land; later, it was interpreted 

by the Spanish to mean “buffalo” (United States Department of Agriculture 2016).  Ferguson 

(1980, 8) states that “the physical environment of the Zuni region is ecologically rich and 

diverse.”  A perfect place for prehistoric people to live and thrive.  Regardless of its origins, this 

area of the forest seems ideal for living, both in the past and the present.

The project area is just below the Mollogon Rim or Highlands.  Jeffrey S. Dean (in 

Gregory and Wilcox 2007, 78) described the Zuni Pueblo region of the Mogollon Highlands as a 

mixture of pinyon and juniper woodlands.  “By A.D. 1000, the Mogollon and the Anasazi were 

meeting all along the Mogollon Rim, the shelf that divides Arizona’s high-altitude, pine-covered 

north from its desert south (Hayes and Blom 1996, 30).  This is similar to the Cibola National 

Forest area of the Lion Mountain Community area, thereby helping to create that possible link to 

ideal places for Zuni prehistoric populations.  Paleoenvironmental reconstruction is a bit more 

difficult and limiting in terms of understanding what the actual environment was like 1,000 years

ago.  Interpretation of the current environment and imagining the landscape during that 

prehistoric time is the best that one can do. 

The cultural changes of the Puebloans are classified by migration, architecture, and 

agriculture.  The time periods that are commonly agreed upon by the archaeological community 

are the Basketmaker I–III, Pueblo I–IV, Historic, Modern, and Contemporary. The Lion 

Mountain community in the survey area spans the Pueblo II (A.D. 900–1050), Pueblo III (A.D. 

1050–1275), and Pueblo IV (A.D. 1275–1400) time periods.  “It must be borne in mind that 

Pueblo is not the name of a tribe.  It is a Spanish words meaning village or town…” (Sanford 
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1997, 20).  The word Pueblo is used by archaeologists to refer to groups of people during a 

certain time period in history, and not necessarily in reference to populations who live in village.

Figure 1.  View from Forbidden Ridge, facing southwest, in the Cibola National Forest, T1S 
R7W S25 of the USGS Lion Mountain 7.5” Topo Map.  Photograph by Deborah L. Huntley. July
26, 2016.

Kintigh (1982) and Duff’s (1999) dissertations discuss the settlement patterns of Zuni 

during the Pueblo IV period.  Kintigh (1982, 3) stated that, “because the Zuni area is one of the 

few that was continuously occupied through this period of dramatic cultural change, it provides 

an excellent setting for the study of a sequence of apparently successful cultural adaptations and 

changes in settlement pattern.”  Gregson et al. (2011, 2261) also stated that “The transition from 
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the late Pueblo III (AD 1200–1275) to Pueblo IV (AD 1275–1400) period marks one of the most 

dramatic eras of demographic and social upheaval in the American Southwest.”  The project’s 

survey results shed more light the beginnings of the Pueblo IV settlements in this region.

Eckert (2013, 2–3) states that the survey findings may connect this area, referred to as the

Lion Mountain Community, to the known Zuni region and thus expands the knowledge even 

further.  The ceramic data and pueblo placement at first glance appears to be related to the Zuni 

Region.  With the newly discovered survey data, the ability to connect the site locations, site 

types, and types of ceramics to what is already known about the Zuni culture is possible.  The 

work for this Master’s Project thus expands our knowledge of the Lion Mountain Community in 

the Cibola National Forest during this time period.  The overall goal of this project is to obtain a 

broader understanding of this region in west-central New Mexico, referred to as the Lion 

Mountain Ritual Complex.   As stated in Eckert paper for PESCA (2013,1), “Archaeological 

studies of population movement in the Zuni region (Figure #) of west-central New Mexico have 

recognized distinct regional settlement trends between the mid-12th C. to the mid-14th C.” 
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Figure 2 shows what is known about the Pueblo communities from the archaeological 

record currently at hand.  In short, settlement patterns transitioned from smaller, more dispersed 

room blocks to the larger, aggregated multi-family room blocks over the course of two hundred 

years (Eckert 2013).  Increased population size and closer proximity to each other probably 

involved social organization and integration changes as well.  Change is seen in the ritual 

architecture and settlement patterns.  As Eckert (2013) points out, there are numerous 

dissertation projects that look at the settlement aggregations, exchange networks and even ritual 

developments during this time period in the Zuni region.  This project adds to that body of 

research.
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Figure 2.  From the Eckert 2013 PESCA paper.  “The 13th and 14th Century Pueblo World 
showing culture regions (gray ovals), current know extent of aggregated communities (green 
ovals), and location of aggregated community proposed to be studied.”
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Identification of ceramics found during the survey is the basis for dating the sites.  

Settlement patterns and chronology can be interpreted using ceramics (Huntley 2008, 1–3, Duff 

2002, Schachner et al. 2011).   Numbers of room blocks and the variety of ceramics at each site 

help create a picture and timeline of pueblo life at that time.  Hayes and Blom (1996, 24) state 

clearly that the pottery prehistory in the southwest began somewhere around A.D. 100 with what 

was probably a simple mud-lined basket.  Hegmon (1995, 157–165) also reports on pottery style 

and its role in early Pueblo communities. There are many additional books and papers that 

describe the pottery of Zuni (both past and present) and its unique characteristics, and help to 

shed light on prehistoric people in the Pueblo world.  Even to this day, Zuni people create pottery

as described in Lanmon and Harlow (2008, 39–59) which details the modern day pottery from 

the Zuni people as well as the possible origins of the prehistoric pottery more than 2,000 years 

earlier.  Rodee and Ostler (1986, 15) put it eloquently: “Pottery is essentially a useful art form 

and although today most pottery is made for the collector’s market many pots still serve their 

original purposes within the Zuni community.”  This project, the study area, its landscape has a 

wealth of archaeological knowledge in a place that is both remote and beautiful.   
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METHODS

Study Area

 The survey area lies in Socorro County, New Mexico, in the west-central portion of the 

state within the Cibola National Forest.  The 1.6 million acres of Cibola National Forest and 

National Grasslands range in elevation from 2,700 feet to 11,300 feet above sea level.  It is part 

of the Forest Reserves which were first established around the late 1800s (United Stated 

Department of Agriculture 2016).  The town of Magdalena just off Highway 60 is approximately 

16 miles by forest road to the survey area near Lion Mountain. The section that was surveyed lies

completely within the U.S. Forest Service boundaries, adjacent to private property along its 

northern and western edge.  The longitude and latitude of the section are -107°31’0”W and 

34°11’0”N respectively (Figure 3).  The survey area is located in Township 1S, Range 7W, 

Section 25 of the USGS 7.5’ Lion Mountain quad map (Figure 4), and is one square mile or 640 

acres.  The elevation ranges from 7,400 feet to 7,600 feet within the section.  The Universal 

Transverse Mercator (UTM) coordinate for our base camp in that section was 13 E268560 

N3786020.  Gallinas Canyon lies approximately three miles to the east of our section and is a 

large well-documented archaeological site dating to A.D. 1050–1300, approximately during the 

Pueblo III to Pueblo IV time periods.
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Figure 3.  The survey area (Section 25, outlined in red) and base camp (green dot, 107°30’52”W 
34°11’30”N, UTM 13 E268560 N3786020) within the Cibola National Forest.  The darkened 
sections indicated private property owned inside the National Forest area (ESRI Base Maps, US 
Topo Maps, 1:50,000 scale).

Figure 4.  The one-by-one mile area (outlined in red) of Section 25 was surveyed from 
07/26/2016 to 8/3/2016.  The base camp (green dot, 107°30’52”W 34°11’30”N) and Lion 
Mountain lies just to the southwest of this section.  (ESRI Base Maps, US Topo Map, 1:15,000 
scale.)
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The project area can be seen by many online programs such as GoogleEarth.   Figure 5 

shows an aerial view of the base camp and survey section providing an image of the local terrain.

This gives an overall view of the study area with the two ridges within the section, including 

Forbidden Ridge to the north and Bobcat Ridge to the south.

Figure 5.  This is an aerial view of the base camp in Section 25 (T1S R7W S25) in the Cibola 
National Forest.  The image was acquired on 2/15/2016 and the two ridges are at an elevation of 
approximately 7,600 feet above sea level.  The yellow line is one mile in length and lies along 
the southern edge of Section 25.  (Source:  “Base Camp.”  34°11’27.53” N and -107°31’23.42 W.
Goggle Earth.  February 15, 2016.  October 15, 2016.)
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Logistics

 The proper U.S. Forest Service permits were obtained from New Mexico for a non-

collection survey, and field operations were overseen and coordinated with the assistance of 

Jeremy Kulisheck, Ph.D., RPA (Register of Professional Archaeologists).  Dr. Kulisheck is the 

Forest Archaeologist and Heritage Program Manager for the Cibola National Forest and National

Grasslands in New Mexico.  On the first morning of survey, he escorted the survey crew to the 

camp site, supplied emergency radios, and give a quick tour of the area.  The base camp for the 

duration of the survey was located near Indian Tank (within the section) (Figure 3 and Figure 4). 

The closest Ranger Station from the base camp is in the town of Magdalena, New Mexico 16 

miles away and was the base point for all communications during the 10-day survey.  
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The Passport-In-Time volunteer program through the National Forest Service with its 

Forest archaeologists had recorded many of the archaeological sites within the survey area in the 

last four to five years.  The LA site numbers (New Mexico’s archaeological site numbering 

system) and U.S. Forest Service numbers were provided along with UTM locations.  Shapefiles 

were provided for these previously-recorded sites from the Magdalena Ranger District.  

Topographic maps were produced using ESRI ArcMap 10.3.1 in order to assess each known site 

location and allow for updating the UTM coordinates, site integrity, and any additional and 

relevant data deemed necessary. The New Mexico Cultural Resource Information System 

(NMCRIS) was queried to find any previously-recorded archaeological site information in and 

around the survey area.    The Archaeological Records Management Section (ARMS) database of

the New Mexico Historic Preservation Division was queried for additional information in order 

to cross-reference and obtain all of the site attributes so all necessary information would be 

available prior to field survey.  Figure 6 shows a landscape view one of the ridges inside the 

surveyed section.
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The four-person survey crew consisted of Dr. Suzanne Eckert (Arizona State Museum, 

southwest archaeologist specializing in ceramics), Dr. Deborah Huntley (University of Colorado,

southwest archaeologist specializing in ceramics), and Dr. Timothy de Smet (Binghamton 

University New York, archaeologist and physicist specializing in geospatial remote sensing) and 

the author.  Dr. Eckert and Dr. Huntley are experts in southwest ceramics and their current 

research includes this region of Zuni and Pueblo cultures.  Eckert and Huntley prepared the 

survey plan details including what equipment was needed and how to complete the actual survey.

Based on previous experience, the author still finds the chapter in Archaeological Field Methods 

on survey quite useful (Dancey 1981, 83–126).   The data collected will potentially be the basis 

of a National Science Foundation grant that will allow for more survey work in this region.  This 

region appears rich with archaeological data pertaining to past Puebloan cultures.

Ceramics were analyzed by two professional ceramists who have extensive knowledge of

Zuni pottery along with other non-local pottery.  The pottery designs, clay, and use of firing were

used to categorize the ceramics at each site.  Ceramics were dated to Pueblo II, III or IV time 

periods, and analyzed to distinguish Zuni pottery from other Pueblo types.

The chronology of the sites located during the survey were dated using the observed 

surface pottery sherds.  Different types of glaze ware, slip color, design layout, and elements 

were analyzed to place each archaeological site into a time period.  Dr. Eckert and Dr. Huntley’s 

Chapter 3 and 6 respectively (in Habicht-Mauche, Eckert and Huntley 2006, 34–59, 105–123) 

outline some of these elements that are currently known about local traditional Zuni pottery and 

other non-local types.  They examined the surface pottery on-site for later analysis and 

interpretation.  Photographs were taken to document these processes.
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Figure 6.  View from Bobcat Ridge, facing east, in the Cibola National Forest, T1S R7W S25 of 
the USGS Lion Mountain 7.5” Topo Map.  Photograph by Deborah L. Huntley.  July 26, 2016.   
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Using the above ceramic dating techniques, each archaeological site was placed in a 

certain time period (such as Pueblo II or III) and this shows how that site relates to others before,

during or after the same time period.  Site types were recorded, such as number of room blocks, 

possible kivas, artifact scatters, and the like, to help understand the use of each site and how it is 

spatially related to others in the area.  This is similar to other Pueblo sites in the region (Kintigh 

1985, Woodbury 1993).  Specific ceramic design and social interaction in the Cibola region, in 

particular, were summarized by Trask and Peeples (2011).  All of this helps in creating a picture 

of the Lion Mountain area.

Data

Vector Data

The vector layers used in ESRI ArcGIS were created from the site location points, lines 

and polygons using a Trimble Juno 3B GPS unit.  

Raster Data

Digital elevation models were obtained from the United States Geography Service 

(USGS) and the National Elevation Data (NED) set.  The file name is “USGS NED n35w108 1/3

arc-second 2013 1 x 1 degree ArcGrid” dated 11/1/2013.
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During the 10-day survey, a systematic, pedestrian 100 percent coverage of the entire 

section was completed.  Transects of 10-15 meters were maintained whenever possible as the 

crew traversed the landscape.  This was a non-selective survey so that all sites encountered were 

recorded.  The entire one mile section contained six new archaeological sites and 36 of the 39 

previously-recorded sites were relocated.  With the aid of ESRI ArcMap and site data from the 

previous recordings by forest archaeologists and the Passport in Time (PIT) volunteer program, 

site records were updated with correct UTM coordinates in NAD83 and changes in site integrity 

were recorded.  Integrity changes may have been caused by weather events, vandalism, or 

general passage of time.  For newly discovered sites, the site was mapped with the GPS and a 

paper map drawing with the aid of tape measures and a compass was created.  In total, six newly 

recorded archaeological sites were documented.  At all of the 42 sites visited, surface ceramics 

were collected for in situ cataloging and counting for all of the various types.  This data was used

for later analysis and typology after returning from the field.  Pottery sherds were collected for 

all of the areas of the site with particular attention to the middens (prehistoric trash depositing 

locations) usually located in the southeast portion of each site.  In an attempt to do the best non-

bias collection, as many shreds as possible were retrieved paying close attention to how many 

were actually in view at each site.  The major portion of pottery sherd collecting was completed 

by Dr. de Smit and myself along with mapping the newly discovered sites.  Dr. Eckert and Dr. 

Huntley focused on the overall interpretation of the sites and meticulously sorted and recorded 

all of the ceramics collected.  When all proper recordings were completed at each site, the 

pottery sherds were re-scattered over the site and survey transects were continued.  This was a 

non-collection survey so only photographs were taken to aid in the laboratory analysis of the 

ceramics.
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Several different computer-aided analyses including nearest neighbor, euclidean distance,

least cost analysis, and certain types of clustering using geographic information systems (GIS) 

were performed. These analyses were completed in ESRI ArcGIS 10.3.1 and Microsoft Excel.  

All data have a common projection: GCS North American NAD 1983, UTM Zone 13N, 

Transverse Mercator in meters.  Categorical data with separate features were placed into distinct 

groups or classes when appropriate.  Graduated symbol maps were used to show various sizes or 

quantities.  Attributes were incorporated into each feature class to aid in queries of the data and 

for spatial analysis.  Sites were placed in either large sites (multi-room block with plazas and/or 

kivas) or small sites (single or fewer room blocks or perhaps simply artifact scatters) categories 

to distinguish them.      
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Figure 7.  The survey crew lined up for 10-15 meter transects in the Cibola National Forest, T1S 
R7W S25 of the USGS Lion Mountain 7.5” Topo Map.  Photograph by Deborah L. Huntley. 
August 1, 2016.  

Ceramic Typology 

 Ceramic date ranges were obtained for each of the 42 archaeological sites found during 

the survey and completed using the Office of Archaeological Studies Mean Ceramic Data (New 

Mexico 2016) with the presence or absence of data.  This ceramic typology method is known as 

the Stanley South Mean Ceramic Dating method (evaluated in Bonath 1978).  This typology 

began in the field at each archaeological site and was completed back in the lab with the aid of 

an Excel spreadsheet and the photographs.

   

Average Nearest Neighbor

The average nearest neighbor analysis tool in ESRI ArcGIS was used to measure the 

distance from each center point of a site to its neighboring site’s center point.  It takes all the 

values and averages the distances for use of producing a visual map.  It creates a standard 

distance on which to measure each site in relationship to other sites.  The nearest neighbor tool 

finds a dispersed, random or clustered pattern based on this hypothetical random distribution 

average distance.   For indexes less than 1, cluster patterning is predicted.  For indexes greater 

than 1, a dispersion patterning is more likely.  The equations used presume that no barriers exist 

between each location, e.g. rivers or valleys.  The generated p-value and z-scores are sensitive to 

the size of the study area and size changes will affect the statistics.  

The following average nearest neighbor calculations (taken directly from ESRI ArcGIS 

for Desktop) were used:

For the ratio:
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ANN=
Do
De

Do=∑
i=1

n

di

De=
0.5

√n/ A

For z-score:

z=
Do−De

SE

SE=
0.26136

√n2/ A

where: 

Do = observed mean distance between feature and its nearest neighbor
De = expected mean distance for features given in a random pattern
di = distance between feature i and its nearest neighboring feature
n = total number of features
A = area of minimum enclosing rectangle around all features

Euclidean Distance

Euclidean distance analysis examines each site’s relationship to a central site or several 

main sites based on the straight-line distance.  Conceptually, the algorithm for euclidean distance

calculates for each cell (or site, in this case), the distance to each source cell.  The hypotenuse is 

calculated with the x-max and y-max of the triangle to get the true distance.  The shortest 

distance is thereby determined and a value is assigned and placed in an output raster if that 

distance is less than a specified maximum. 
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In the survey area, there are larger archaeological sites with multiple room blocks, plazas 

and even kivas that serve as these central, large sites.  Depending on the time periods (Pueblo II, 

III or IV), the number of central or main sites varies and the distance of the smaller sites is 

viewed easily with a corresponding ArcGIS map.

Assumptions

The euclidean distance model does not allow for landscape or terrain impediments.  It 

simply provides an overall view of the larger sites to the smaller ones based on a straight-line 

distance.  

Least Cost Analysis

Least cost analysis or path distance examines the distance from the large sites to the 

smaller sites (origin and destination points, either vector or raster), and does indeed take into 

considerations the landscape and terrain.  Digital elevation models (DEM) from United States 

Geographic Service (USGS) National Elevation Dataset (NED) provide data based on satellite 

imager that uses elevation and impedance for a more accurate measurement between sites and it 

generates the necessary slope raster.  The cost-distance analysis created by Tripcevich (2009) is 

an anisotropic, or directionally dependent, time-based estimate using path distance.  To generate 

the energy required and create a cost surface, a vertical factor table in an Excel (.txt file) was 

created using Tobler’s Hiking Function (Table 1).  This takes into consideration the hiking speed 

versus the slope angle that is traversed.   ESRI ArcGIS 10.3.1 tools, specifically those for slope, 

reclassify, path distance, and cost path are used to accomplish this analysis and it provides a 

more in-depth look at the actual, physical cost of a person to travel from one site to another.  
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Tobler’s Hiking Formula is the time (in hours) to cross one meter:

W=6 e
−3.5|dh

dx
+0.05|

dh
dx

=S=tan θ

where:

dh = elevation difference
dx = distance
S = slope

θ  = angle of slope (inclination)
 

Table 1.  Tolber’s Hiking Function used to calculate the slope for use in the least cost analysis. 
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RESULTS AND DISCUSSION

Ceramic Typology

 All of the ceramics collected at the 42 archaeological sites were recorded by type and 

quantity in the field by Dr. Eckert and Dr. Huntley.  Photographs were taken at the site locations 

to aid with the classification that was completed after returning from the survey.  Figure 8 shows 

one example using the different ceramic types, mean ceramic dating (MCD), and amount of 

sherds (presence or absence) for each site.  A date range was assigned to the Pueblo II, III or IV 

time periods (Appendix A for raw data).  The New Mexico Office of Archaeological Studies 

(2016) ceramic data ranges available on their webpage were used for dating.  This method of 

MCD was developed by Stanley South in 1972 as a way to determine a site’s occupational date 

by assigning it a median date based on the ceramic types (South 1972; Bonath 1978).  The main 

categories for the pottery types identified at the survey sites were: Casa Grandes utility ware, 

Cibola gray ware, Cibola white ware, Local Lion Mountain ware, Mogollon brown ware, Rio 

Abajo and Northern Jornado white ware, White Mountain ware, Zuni glaze ware, and Tularosa 

white-on-red ware.  Further details of the pottery types, with the corresponding date ranges for 

the 42 archaeological sites, are in Appendix A.

Figure 9 shows the estimated date ranges based on the ceramic typology for each site.  

There are 10 sites that date to the Pueblo II time period (A.D. 900–1150), 34 sites that date to 

Pueblo III (A.D. 1150–1275), and 17 sites that date to Pueblo IV (A.D. 1275–1400).  Many of 

the sites have occupational periods that fall within more than one time period.  Pueblo III has the 

most sites and four large archaeological sites that contained multi-room blocks, plazas, rock 

alignments, large depressions, possible garden areas and one possible burial.  The four large sites
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are FS1191, FS1192, FS184/LA125085 and FS729/LA130273.  There were two sites, 

FS177/LA130063 and FS190/LA121883, that had possible kivas (religious structures).  The 

remains of the possible unroofed kivas appear to resemble those that are post-Chaco in nature 

and are attributed to the Zuni culture.

Figure 8.  A variety of sherds found at New Mexico site number FS1191 within site feature 5.  
This shows a variety of different ceramic types from Brown Ware, Red Ware and White Ware 
used for site dating.  See Appendix A and B for raw data.
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Figure 9. This bar graph shows the estimated date ranges for Pueblo II, III and IV based on the 
ceramic analysis data collected from the 42 archaeological sites within the survey area.
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The locations of the 42 archaeological sites are shown in Figure 10.  This figure 

illustrates the site density of the one square mile section in the Cibola National Forest.  

Prehistoric population size for this area indicates that the small, aggregated communities that 

were forming during the Pueblo III or IV time periods were definitely present in the survey area. 

Using ESRI ArcGIS, the 42 archaeological sites with their respective ceramic dates were point 

plotted together to give an overall visual picture of the sites on the landscape over time (Figure 

11).  
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Figure 10.  The location of 42 archaeological sites within the survey section in the Cibola 
National Forest, New Mexico near Lion Mountain.  (ESRI Base Map, US Topo Map, 1:15,000 
scale).
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Figure 11.  The archaeological date ranges for 42 sites located in T1S R7E S25 in the Cibola 
National Forest.  Dates determined by the ceramic mean analysis of the pottery types found at 
each site.  Pueblo II (yellow) dates to A.D. 900–1150, Pueblo III (green) dates to A.D. 1150–
1275, and Pueblo IV (red) dates to A.D. 1275–1400.

A couple archaeological sites were discovered with evidence of possible agricultural 

fields where yucca was currently growing inside of the rectangular rock areas (Figure 12).  The 

larger, aggregated prehistoric communities in this region have agricultural features, such as some
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of the smaller, rectangular single layer rock features that appear to be garden plots.  Further 

evidence of non-local plants, such as the yucca seen in Figure 12, are fairly good indicators that 

gardening was part of the prehistoric life in this Lion Mountain Community.

The ceramic dates from the 42 archaeological sites definitely place them within the 

correct Puebloan time period for the Zuni culture regions just to the west.  The pottery types are 

mainly of the Zuni and local Lion Mountain traditions.  Based on this evidence, as well as the 

site structure, the occupants of these sites were of Zuni origins. 

Figure 12.  Small yucca plants located within a feature in what appears to be a possible garden or
agricultural plot (site FS728/LA130272).  Photograph by Deborah Huntley, July 2016.

Average Nearest Neighbor
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The average nearest neighbor analysis was used on the three separate time periods 

(Pueblos II, III and IV) as determined by the above ceramic typology dating method.  There were

10 archaeological sites dating to the Pueblo II time period A.D. 900–1150 (Figure 13).   For the 

Pueblo II sites, the average nearest neighbor ratio is 1.496 with a z-score of 3.00 and a p-value of

0.00.  These results indicate a dispersed pattern of sites across the landscape.  Also, the z-score of

3.00 indicates a less than 1% likelihood of this dispersed pattern being a result of random chance.

This indicates that the prehistoric populations built their residences away from their neighbors on

purpose.  This is confirmed with the observed mean distance of 180 meters and the expected 

mean distance of 120 meters from this analysis.  The dispersion of archaeological sites seems 

typical for the Pueblo II time period when population numbers appear to be smaller and 

settlement locations more widespread across the landscape.  The details of this Pueblo II average 

nearest neighbor are located in Appendix B.
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Figure 13.  The locations of 10 archaeological sites dating to the Pueblo II (A.D. 900–1050) 
within the one-by-one square mile survey area (outlined in red) in the Cibola National Forest, 
New Mexico.
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There are 34 archaeological sites dating to the Pueblo III time period.  For these sites, the 

average nearest neighbor ratio is 1.816 with a z-score of 9.10 and a p-value of 0.00.  The results 

indicate a dispersed pattern of the sites (Figure 14), similar to the Pueblo II site nearest neighbor 

analysis.  The z-score of 9.10 indicates a less than 1% likelihood of this dispersed pattern being a

result of random chance.  Unlike Pueblo II, the observed mean distance of 1,060 meters and the 

expected mean distance of 583 meters is a far greater dispersion pattern.  This dispersion pattern 

of archaeological sites perhaps is typical for the Pueblo III when population numbers appear to 

be smaller and settlement locations more widespread across the landscape.  The details of this 

Pueblo III average nearest neighbor are located in Appendix B.

For the 17 archaeological sites dating to the Pueblo IV time period, the average nearest 

neighbor ratio is 1.066 with a z-score of 0.52 and a p-value of 0.59.  The results indicate a 

random pattern of sites (Figure 15).  The z-score of 0.52 indicates that the pattern is not 

significantly difference than one by random chance.  This suggests that during the Pueblo IV 

time period, prehistoric populations were beginning to group together while still maintaining 

their distance across the landscape.  The observed mean distance of 148 meters and the expected 

mean distance of 139 meters reveals this almost perfect random pattern.   This random pattern of 

sites across the landscape may indicate that there was a trend from the previously more dispersed

sites to a more clustered pattern as seen in aggregated agricultural communities of this time 

period.  The details of this Pueblo IV average nearest neighbor are located in Appendix B.
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Figure 14.  The location of 34 archaeological sites dating to Pueblo III (A.D. 1150–1275) within 
the one-by-one square mile survey area (outlined in red) in the Cibola National Forest, New 
Mexico.
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Figure 15. The location of 17 archaeological sites dating to Pueblo IV (A.D. 1275–1400) within 
the one-by-one square mile survey area (outlined in red) in the Cibola National Forest, New 
Mexico.

Euclidean Distance

Euclidean distance, as defined earlier, is a straight line between two points.  The terrain is

not taken into account for this analysis.  It simply provides a view of the larger archaeological 

sites and its relationship to the smaller sites.  When observing different time periods within the 
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same area, it is a useful tool to use in order to get a general idea of the data at hand and observed 

changes over time.  It give a “dots through time” perspective. 

Figure 16.  The Pueblo II sites (n=10) in yellow dots with 150-meter concentric rings expanding 
out from the one single large archaeological site (FS184/LA125085).

 The Pueblo II (A.D. 900–1050) dated sites have one large archaeological site 

(FS184/LA125085) (Figure 16).  Of the nine smaller sites, seven of them are within 450 meters 

from the large site and none are within 150 meters.  This analysis reveals that the archaeological 

sites are spread out over the survey section and is fairly typical for the Pueblo II time period of 

the prehistoric populations.
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In contrast, the Pueblo III (A.D. 1050–1275) dated sites have four prehistoric large 

archaeological sites.  The additional large site on the eastern edge of the section dates to the 

historic period with remnants of a cabin, possible corrals and lots of historic debris; only a small 

portion of that site has a prehistoric component (Figure 17).  There are 10 smaller sites within 

150 meters of the larger sites.  The remaining 14 small sites are more than 300 meters away.  

Moving into the Pueblo III time period, sites are still dispersed, however a few more larger sites 

appear with smaller sites surrounding them.

Figure 17.  The Pueblo III sites (n=34) in green dots with 150-meter concentric rings expanding 
out from the four large archaeological site (FS1191, FS1192, FS184/LA125085 and 
FS729/LA130273).
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The Pueblo IV (A.D. 1275–1400) sites have three large archaeological sites with five of 

the smaller sites within 150 meters (Figure 18).  The other nine sites are more than 300 meters 

away.  This more random pattern, as defined by the average nearest neighbor analysis, is 

confirmed by the relationship of the larger sites to the smaller ones.  The larger sites from Pueblo

III remain even though the site density in this area is reduced during later Pueblo IV time period. 

Figure 18. The Pueblo IV sites (n=17) in red dots with 150-meter concentric rings expanding out 
from the three large archaeological site (FS1191, FS1192 and FS184/LA125085).

 

The euclidean distance show the “dots through time” on a map that is easily compared 

with one another.  If the larger archaeological sites, with their plazas and possible kivas, are 
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indeed ceremonial in nature having a much larger place to gather and meet, then this analysis 

shows if the prehistoric people were clustering around the larger sites or moving away from 

them.  The analysis thus far reveals the beginnings of clustering with larger sites appearing 

through time and the small sites being built closer to them.  In particular, the transition from 

Pueblo II to Pueblo III period shows this pattern well.

Least Cost Analysis

 Least cost analysis (LCA) results include the modeled paths with its relationship to the 

landscape and the validity of such a model.  Unlike nearest neighbor or Euclidean distance, this 

analysis takes into account the landscape or surface that must be traveled to get from point A to 

point B.  The results include all the model paths for the three time periods and their associated 

travel times.   Figure 19 shows one of the first steps in processing this analysis.  The slope was 

calculated for the survey section and reclassified.  It remains the same for all the analysis.  This 

provides a raster with a calculated slope based on the digital elevation model (DEM) for 

interpreting the degree of difficulty in traversing the area.

The Pueblo II sites are plotted on the slope as a visual showing the sites located on the 

two ridges, as compared to Figure 13.  There is only one large site (mother) within this time 

period of A.D. 900–1050 so all the smaller (daughter) sites travel only to this single large site.  

The overall elevation change is approximately 200 feet (or 60 meters) from the flat lands to the 

top of the ridges and shows a fairly straight forward path from each site to the single, large site of

FS184/LA125085.  This is a large multi-room block site with a large depression.  It spans all 

three time periods and this appears that it was an important location to the prehistoric people.
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Figure 19.  Here are the first step in completing the least cost analysis and involves creating a
slope raster in order to obtain a “degree of difficulty” for assessing the energy and travel time

necessary to move from point A to point B.  Map produced in ESRI ArcGIS 10.3.1.
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Pueblo III, dating from A.D. 1050–1275, has four large archaeological sites.  These are 

FS1191, FS 1192, FS184/LA125085, and FS729/LA130273.  In Figure 20, the LCA shows the 

smaller (daughter) sites traveling to one of the closest large (mother) sites or the one that took the

least effort traveling on foot.  It appears that in some cases, an almost straight line is traversed 

which may be likely due to the small survey area with only a 60 meter elevation change.  Pueblo 

IV dating from A.D. 1275–1400 has three large archaeological sites, FS1191, FS 1192, and 

FS184/LA125085 and 14 smaller sites, all have continued occupancy from the Pueblo III period. 

These sites are described above in the Pueblo III and they continued into this time period.  

Therefore, no additional LCA map was needed in order to view the results.
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Figure 20.  The path distance and cost path tools from ESRI ArcGIS 10.3.1 applied to the Pueblo
III archaeological sites to perform the least cost analysis in order to find the route to the four 
large “mother” sites.
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  It appears that in all the time periods, the corridors shown in the model does make sense 

for a person who wants to expend the least amount of energy to travel from place to place.  

However, some of the paths do not seem to be what a person may do if giving the chance to 

simply go straight up the incline to a large site.   

Tobler’s Hiking Function along with ESRI ArcGIS tools produced this two-minute 

contour map (Figure 21) for a better visual picture.  Traversing across the one mile in length 

survey area, it takes much less time in the flat lands then if a person crossed straight over the 

ridges.

Validity testing with sensitivity analysis was not performed due to the limited area and 

small elevation change within the one square mile section.  With additional survey and site 

discovery in this area of the Cibola National Forest, the tests will offer more support of the LCA 

and the proposed routes.
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Figure 21.  Another visual of the slope or contour lines within the survey area.  These were 
generated with the Tobler’s Hiking Function in ESRI ArcGIS 10.3.1 using a combination of 
standard tools.
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CONCLUSIONS

This archaeological survey was completed as a first step in discovering evidence of what 

appears to be a Zuni-related aggregated communities in the Lion Mountain region and part of 

what is already known as the Zuni cultural region to the east of the Cibola National Forest area.  

The archaeological sites recently recorded by Passport in Time (PIT) volunteers and reexamined 

during this project did indeed contain ceramics of past prehistoric populations classified as Zuni 

and other local ceramic wares.

There were 42 archaeological sites discovered or relocated in the Cibola National Forest 

(T1S R7E S25) during our 10-day pedestrian survey from July 24–August 3, 2016.  Updated 

UTM coordinates were recorded for each site using the GPS Trimble Juno 3B.  All of the six 

newly discovered sites were mapped and photographs were taken for documentation purposes.  

Ceramic shreds were collected from all sites, in situ recording of types and quantities, and in 

laboratory analysis using the Stanley South mean ceramic dating technique to obtain site dates 

was performed.  This ceramic analysis revealed there were 10 sites during Pueblo II (A.D. 900–

1050), 34 sites during Pueblo III (A.D. 1050–1275) and 17 sites during Pueblo IV (A.D. 1275–

1400).

The average nearest neighbor analysis was performed using ESRI ArcGIS 10.3.1 

software.  It showed that settlement patterns for Pueblo II and Pueblo III were dispersed, and the 

settlement pattern for Pueblo IV was random.  This random pattern is trending toward a more 

clustered pattern around the larger archaeological sites that is indicative of the known Pueblo IV 

Zuni culture and its small, aggregated communities.  Further surveys in that adjacent areas will 

aid in confirming this notion for the Lion Mountain Community.

57



The euclidean distance analysis divided the three Pueblo time periods and showed the 

trend from less dispersed populations to a more aggregated community of sites.  During the 

Pueblo III and IV time periods, larger sites appear with smaller sites within a short distance.  

This allows for more interaction between the sites.

The least cost analysis takes this one step further by analyzing the terrain that must be 

traversed between these sites.  Figure 20 shows the path from smaller sites to larger sites that 

take the least amount of energy to travel.  Keep in mind that the survey area is one mile square 

and the elevation gain is only 200 meters.  Continued analysis and interpolation along with more 

data can enhance the overall findings in this project.

Future surveys and continued use of the ESRI ArcGIS analysis and predictive models 

will aid in finding more archaeological sites in this area and more links to the prehistoric Zuni 

culture.  Also obtaining additional USGS data on topography, soil and hopefully locating a 

prehistoric water source is necessary for a thorough study of the area.  Hopefully the same crew 

(Figure 22) can return next summer to survey the adjacent section in Cibola National Forest and 

expand on the archaeological knowledge of what is now known as the Lion Mountain 

Community. 
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Figure 22.  The survey crew on a trip to town to check with Forest Rangers to see if fire danger 
restrictions were lifted and to pick up more supplies.  Left to Right:  Dr. Suzanne Eckert, Dr. 
Deborah Huntley, Dr. Tim de Smit, and Teresa L. Gregory.  Photograph by a Cibola Forest 
Ranger.  July 29, 2016.
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APPENDIX A: ARCHAEOLOGICAL SITES
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Table A 1: Pottery Types.  This is the list of 42 archaeological sites with the Forest Service and 
New Mexico archaeological site number with the pottery types and number of shreds found at 
each site.  These nine main groups were used to date each site to either Pueblo II, Pueblo III or 
Pueblo IV time periods.  A further breakdown into subtypes for each main pottery category was 
completed to ensure the most accurate ceramic dating possible.
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Table A 1 cont.
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Table A 1 cont.
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Table A 2: List of Pottery Types with Main Categories and Subgroups and corresponding date
ranges when applicable.
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 Table A 2 cont.
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Table A 2 cont.
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APPENDIX B: AVERAGE NEAREST NEIGHBOR SUMMARIES

67



Figure B 1: The Average Nearest Neighbor Summary for the Pueblo II Sites.

68



Figure B 2: The Average Nearest Neighbor Summary for the Pueblo III Sites.
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Figure B 3: The Average Nearest Neighbor Summary for the Pueblo IV Sites.
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