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(Figure 4.1), as a hiker might realistically traverse this landscape, rather than a straight line 

which would require repeatedly climbing into and out of canyons and ravines. While these 

least cost pathways are not intended to perfectly replicate the hiking paths used by Hemish 

travelers, they provide a more accurate baseline measure of the distances one must travel to 

procure Jemez Mountain obsidian than straight-line measurements.   

  

Figure 4.1. Example of LCP Pathways. These paths are generated from LA 541 to the associated obsidian 

sources utilized at the site. This process was repeated for the 30 other Hemish sites in the study. 
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Lithic Assemblage Data 

 The lithic assemblage analyzed in this study was originally collected for Liebmann’s 

(2017) provenience study (Table 4.1). In Liebmann’s study a total of 2,222 obsidian artifacts 

were collected and chemically sourced using portable X-ray fluorescence (p-XRF). 

Liebmann successfully linked the obsidian samples to five geologic sources in the Jemez 

Mountains.  

The obsidian samples were collected from a total of 31 Hemish settlement sites. 

Samples were collected from surface middens without any excavations conducted. Due to 

variable surface visibility, sample sizes range from 15-170 samples per site, with an average 

of 65 samples per site. The researchers and local volunteers from Jemez Pueblo selected 

obsidian debitage rather than finished tools to minimize the potential impact of trade items on 

their sourcing analysis (Liebmann 2017:10-11). However, upon closer examination during 

the present analysis one projectile point was discovered and excluded from the analysis to 

mitigate any potential skewing of the debitage analysis which brings the total assemblage 

size analyzed in this study 2,221 samples (Table 4.1).   
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The number of obsidian samples for each of the four chronological periods is not 

uniform (Table 4.2). The majority of the samples (85.6%) were recovered from pre-Hispanic 

contexts. The early-Colonial period has the second largest portion (7.4%) of the total 

   Table 4.1   

Occupation Periods, Date Ranges, Site Names, and Obsidian Sample Sizes  

Period Date Range Site Name/ LA number Sample Size

pre-Hispanic 1175-1400 Wabakwa 150

1300-1400 Vallecitos Ruin 48

1300-1450 LA 373 26

LA 398 49

Little Boletsakwa 15

Pejunkwa 50

Totaskwinu 100

Wahajamqua/Payshulnu 156

1300-1500 LA 403 52

La 44001 50

Saytukwa 50

1325-1605 Unshagi 57

1350-1500 Boletsakwa-n 50

Hanakwa 50

Keatoqua 50

Kiabakwa 50

Kiashita 16

LA 386 51

LA 5918 100

Nanishagi 64

Patokwa-s 57

1350-1600 Kwastiyukwa-s 61

Towakwa 50

1350-1650 Amoxiumqua 149

Giusewa 71

LA 24789 50

LA 24790 30

Seshukwa 50

Tovakwa 171

early-Colonial 1600-1650 Kiatsukwa 106

1619-1650 Kwastiyukwa-n 58

Pueblo Revolt 1681-1716 Patokwa-n 41

1683-1695 Boletsakwa-s 54

late-Colonial 1693-1696 Astialakwa 39

Total 2221
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assemblage. The Pueblo Revolt Period (4.3%) and the late-Colonial or Reconquista Period 

(1.8%) comprise the smallest portions of the total assemblage.  

 

While the distribution of samples collected from each chronological period is not 

uniform, this fine-grained analysis of each debitage specimen can uncover important patterns 

in the attribute data despite this evidentiary challenge. Both WARP researchers and the 

members of Jemez Cultural Resource Advisory Committee avoided disturbing the subsurface 

by only collecting artifacts from surface middens. Moreover, p-XRF analysis was chosen by 

WARP researchers over other elemental analysis techniques like Neutron Activation 

Analysis in part because p-XRF enables researchers to study the cultural resources of 

descendant communities in a non-destructive manner. 

 

Debitage Analysis Methodology 

 The lithic assemblage was analyzed microscopically with the aid of lighted 5x power 

hand lens. Each sample was weighted using a Thermo Scientific digital scale with a 

resolution of .001 grams and an accuracy of +/- .001 grams. The dimensions of each sample 

were measured using a digital caliper with a resolution of .01 millimeters and an accuracy of 

+/- .02 millimeters.  

The attributes recorded for each sample are weight, length, width, maximum 

thickness, percent dorsal cortex, distal termination type, count of visible of inclusions 

Table 4.2 Chronological Distribution of Samples by Count 

Period Sample Size Percent of Total Assemblage

pre-Hispanic 1923 86.5%

early-Colonial 164 7.4%

Pueblo Revolt 95 4.3%

late-Colonial 39 1.8%
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(devitrified spherulites), presence or absence of retouching, presence or absence of water 

weathering, and reduction stage (e.g., primary, secondary, and tertiary flakes). 

 While recording morphological attributes of lithic debitage such as weight and size are 

straight forward, typological classification of flakes by reduction stage can lead to confusion 

among archaeologists as there is no universally accepted reduction stage typology. Though 

the Triple Cortex Typology (Andrefsky 2005:115) is commonly used to classify the samples 

into stages of the lithic reduction process, there remains disagreement among lithic analysts 

over definitions of primary, secondary, and tertiary flakes. Additionally, measures of cortical 

surface can vary between analysts (Fish 1978; Andrefsky 2005:116) 

 The notion that cortex correlates with reduction stage comes from the fact that chipped 

stone tool production is a reductive process with the weathered exterior surface being 

removed during early stages of reduction. While this idea is certainly true, percentage of 

dorsal cortex is a rough measure of reduction stage. In fact, the author has found two 

complete projectiles points, over the course of three field seasons as an archaeological field 

technician for the Mt. Taylor Ranger District of the Cibola National Forest in New Mexico, 

with cortical surface remaining at the center-mass of the points. Though it is a rare 

occurrence, the presence of cortex on completed projectile points underscores the notion that 

cortex alone is too simplistic a measure of reduction stage. Moreover, it fails to recognize 

other important attributes of the debitage such as the thickness or number of dorsal flake 

scars. Flakes removed during the early stages of tool production may not have any cortex but 

are so thick that it would be inaccurate to classify them as tertiary flakes. Dissatisfied with 

cortex as a proxy for reduction stage, Morrow experiments with the relationship between 

flake thickness and length to measure reduction stage, remarking that “cortex presence/on 
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flaking debris is relatively insignificant” (Marrow 1997:56). Triple Cortex typology has 

value as an expedient tool for archaeologists in the field; however, due to its simplistic 

nature, this typology can misclassify flakes when only the percent of dorsal cortical surface is 

considered.  

Instead, the typology employed in this study considers additional attributes of the 

debitage to represent reduction stage more accurately. Thickness of the debitage, and the 

number of dorsal flake scars, are also important indicators of reduction stage (Andrefsky 

2005:101). Therefore, these two attributes were considered, in addition to the percentage of 

dorsal cortex when classifying the samples by reduction stage. Table 4.3 displays the criteria 

used in this study to classify the samples into the three stages of lithic reduction. 

 

This typology classifies debitage according to three important attributes: percentage 

of cortical surface, maximum flake thickness, and number of observable dorsal flake scars. 

Cortical surface measurements were recorded through estimation of cortical surface coverage 

in increments of 25%. The maximum thickness of the flake was recorded at its thickest point, 

usually near point A in Figure 4.1. Dorsal flake scars are long depressions left on the dorsal, 

or exterior, surface of flake caused by the previous removal of flakes earlier in the knapping 

process (Andrefsky 2005:106). The flake shown in Figure 4.1 (point B) shows two dorsal 

flake scars on each side of the dorsal ridge running down the middle and would be recorded 

Table 4.3 Debitage Reduction Stage Typology Criteria 

Reduction Stage Percent Cortex Thickness (mm) Dorsal Flake Scar Count

Primary 26-100% >5.5 mm   ≤ 2 

Secondary  1-25% 3.6-5.4 mm  ≤ 4

Tertiary 0%  ≤3.5 mm ≥ 1 
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in this analysis as having 25% cortex (the lowest cortex class) due to the small amount of 

cortex visible at the distal end of the flake.  

Together, these three metrics provide a more complete picture of the flake when 

classifying it typologically into reduction stages. Some samples may only satisfy two of the 

three criteria in the classifications above, allowing the analyst to use their professional 

judgement. For example, if a sample has one dorsal flake scar, measures 6.2 mm in 

maximum thickness, and has 25% cortex, it would be classified as a primary flake 

considering its thickness and low number of dorsal flake scars. A thick flake with a low 

number of dorsal scars, like the example given above, would be classified as a secondary 

flake according to the Triple Cortex typology because it has less than 50% cortex. The Triple 

Cortex typology is organized on the assumption that removal of cortex is the greatest 

indicator of reduction stage; however, other attributes like thickness of the sample and 

number of dorsal scars should be considered as well. As “there are an infinite number of 

typologies” (Andrefsky 2005:130), this more interpretive reduction stage typology provides a 

more comprehensive classification of lithic reduction stages than measures of cortex alone.  

Other debitage typologies such as the application load typologies, classify debitage 

based on evidence hard or soft hammer production. Technological typologies classify flakes 

based on their technological application, such as bifacial thinning flakes or scrapers 

(Andrefsky 2005:120). However, all these typological schemas impart subjective 

interpretations through their classification of the detached stone chipping debris (Sullivan 

and Rozen 1985). Although, “many lithic analysts prefer a typological approach to debitage 

analysis opposed to an attribute approach because they feel that attribute analysis is too time 

consuming” (Andrefsky 2005:114), this study recorded objective, interpretation-free metrics 
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Another debitage attribute which can serve as a proxy for raw material quality is the 

number of inclusions in the stone. Here, inclusions refer to devitrified spherulitic inclusions 

in the matrix of the rhyolitic glass. In Jemez Mountain obsidians, these inclusions are 

generally whitish to light grey round crystals radiating outward from a center point that 

measure about 1-2mm in diameter. The presence of these inclusions makes the predictable 

removal of flakes impossible. High quality tool stones like chert, chalcedony, and obsidian 

are prized for the predictable, conchoidal fracturing pattern (Whittaker 1994:4). This 

property allows knappers to control which areas of the core flake off with every strike of the 

percussive instrument. Inclusions disrupt the energy flow through the otherwise homogenous, 

fine grained matrix of the stone, causing it to shatter rather than flake predictably.  

In this study, the number of observable inclusions for each debitage sample were counted. 

While previous research (Shackley 2005, 2009) mentions variability in the inclusions 

observed at various Jemez Mountain obsidian sources, no empirical analysis has been carried 

out. By quantifying the number of observable inclusions per sample, this study provides new 

quantitative data regarding the differential quality among the Jemez Mountain obsidian 

varieties and the findings of this analysis provide insight into Hemish obsidian source 

preference. Furthermore, when organized chronologically, the results of this analysis 

strengthen understandings of how the Hemish adjusted their raw material procurement 

strategies to overcome new challenges in their society.  

Integrating Least Cost Pathway and Debitage Attribute Analyses 

 In this study, the LCP analysis complements the debitage attribute analysis by providing 

a more comprehensive baseline measure of travel distance than straight-line measurements. 

As travel distance may affect lithic procurement and reduction strategies, the geospatial 
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analysis adds perspective to the interpretation of the debitage analysis results. A number of 

studies (Feder 1980; Jeffries 1982; Newman 1994) have concluded that flake size is a 

reflection of distance to the raw material source, with size (or weight) decreasing as distance 

to the source increases. The notion that debitage size is tied to distance of procurement is 

known as the distance-decay model (Renfrew 1977). While some studies have had success in 

modelling the relationship between travel distance and flake size, Close (1999) found that 

flake size was independent of distance to the chert source at three Neolithic sites.  

 The influence of travel distance on the size and weight of debitage recovered from 

Hemish settlement sites can be determined through the comparative analysis of the Least 

Cost pathway and debitage attribute data. The debitage attribute analysis provides 

information on variation in raw material quality, intensity of lithic reduction, source 

preference, and conservation of raw materials. Together, the travel distance data and the 

lithic analysis data demonstrate how travel distance may have influenced source preference 

and conservation of raw materials. Moreover, when organized chronologically, the findings 

of these analysis highlight how changing social pressures may have influenced Hemish lithic 

procurement and reduction strategies.  
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CHAPTER 5 

RESULTS  

 

To understand the influence of travel distance on Hemish obsidian procurement and reduction 

strategies, I performed an analysis of least cost pathways (LCP) from ancestral Hemish settlements to 

utilized obsidian raw material sources. Next, I analyzed over 2,000 pieces of debitage from these sites 

to understand how the influence of travel distance might be reflected in the chipping debris. The LCP 

travel distance data presented below adds perspective to the lithic attribute analysis data presented 

later in this chapter. While this chapter presents the data collected through the GIS and lithic analyses, 

temporal shifts and correlations between travel distance and attributes of the obsidian debitage are 

analyzed and discussed in Chapter 6.  

Least Cost Pathway Analysis Results 

The results of the one-way least cost pathway (LCP) distance analysis shown in Table 5.1 are 

given in meters from Hemish sites to the utilized obsidian sources. Pathways were only generated to 

obsidian sources associated with the artifacts collected at sites, with blank cells indicating that 

obsidian from a particular source was not found at the site. Each travel distance value represents the 

path distance for one trip from a site to the specified source. As the artifacts were collected from 

surface scatters with widely varied ground surface visibility, this analysis uses distance values for a 

single trip from a site to the associated raw material source rather than normalizing the distance 

values based on debitage sample weights or counts. In this analysis, a total of 136 Least Cost 

pathways were generated. The number of obsidian sources utilized per site ranges from all five of the 

identified sources to as few as two sources.  
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When considering all sites and all time periods (Table 5.1), the median travel distance 

generated by the LCP analysis is 31,615 m from LA 373 to the Bearhead Rhyolite source during the 

pre-Hispanic Period. The mean travel distance to procure obsidian is 34,890 m. The lowest travel 

distance is from Kiatsukwa/LA 132 to the Bearhead Rhyolite source during the early-Colonial Period 

and the highest travel distance generated through the LCP analysis is 310,034 m from Patokwa/LA 96 

to the El Rechuelos Rhyolite source.   
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Period
Site N

am
e

Bearhead Rhyolite
Canovas Canyon Rhyolite

Cerro del M
edio/Valles Rhyolite

Cerro Toledo Rhyolite
El Rechuelos Rhyolite

pre-Hispanic
Am

oxium
qua

20,229
14,066

41,342
36,299

48,719

Boletsakw
a-n

14,781
4,972

39,758
28,400

 - 

Giusew
a

 - 
9,899

35,127
27,783

 - 

Hanakw
a

22,243
36,036

45,607
40,557

 - 

Keatoqua
14,402

3,025
36,277

24,913
 - 

Kiabakw
a

17,087
9,056

38,018
26,655

 - 

Kiashita
 - 

44,800
44,582

39,531
50,803

Kw
astiyukw

a-s
34,126

38,258
45,732

40,695
 - 

LA 24789
21,657

12,802
42,791

31,428
 - 

LA 24790
20,847

 - 
41,979

30,616
53,634

LA 373
31,615

22,582
53,791

41,387
66,548

LA 386
11,334

1,515
35,064

 - 
 - 

LA 398
22,648

11,263
44,514

33,151
 - 

LA 403
24,067

11,292
45,938

34,585
 - 

LA 44001
20,780

11,925
41,914

30,551
 - 

LA 5918
13,607

5,128
34,519

23,156
 - 

Little Boletsakw
a

14,423
4,614

39,396
28,041

 - 

N
anishagi

 - 
 - 

29,395
22,043

 - 

Patokw
a-s

51,705
26,713

72,088
59,130

310,034

Pejunkw
a

12,976
2,281

33,879
22,532

 - 

Saytukw
a

36,173
24,719

60,113
47,812

 - 

Seshukw
a

10,129
 - 

33,201
21,827

 - 

Totaskw
inu

15,367
8,735

36,501
25,139

48,157

Tovakw
a

 - 
34,713

43,021
37,944

49,216

Tow
akw

a
 - 

 - 
40,864

35,812
 - 

U
nshagi

 - 
 - 

27,993
20,638

 - 

Vallecitos Ruin
29267

16492
51138

39785
 - 

W
abakw

a
14,107

6,300
35,971

24,608
 - 

W
ahajam

qua/Payshulnu
20,019

10,212
40,935

29,562
 - 

early-Colonial
Kiatsukw

a
11,032

1,205
34,745

23,385
 - 

Kw
astiyukw

a-n
34,126

38,258
45,732

40,695
52,016

Pueblo Revolt
Boletsakw

a-s
14,781

4,972
39,758

28,400
 - 

Patokw
a-n

51,705
26,713

72,088
59,130

310,034

late-Colonial
Astialakw

a
27,394

29,960
46,697

39,353
 - 

T
ab

le 5
.1

 R
esu

lts o
f L

east C
o

st P
ath

w
ay

 A
n

aly
sis. O

b
sid

ian
 p

ro
cu

rem
en

t trav
el d

istan
ces (m

eters) fo
r all sites to

 u
tilized

 o
b

sid
ian

 so
u

rces. 
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Considering the least-cost pathway travel distances for sites from each time period, the 

minimum travel distance value for any pre-Hispanic Period site to procure obsidian from an 

associated source is 1,515 m. The median travel distance for this period is 30,616 m, with a mean 

travel distance of 32,506 m. The maximum travel distance from any site dating to this period to a 

utilized obsidian source is 310,034 m.  

The minimum travel distance value to procure obsidian for early-Colonial Period sites is 

1,205 m. The median travel distance for this period is 34,745 m and the mean travel distance is 

31,244 m. The maximum travel distance for any early-Colonial Period site to procure obsidian from a 

utilized obsidian source is 52,106 m.  

The minimum travel distance value for any Revolt Period site to procure obsidian is 4972 m. 

The median travel distance for this period is 39,758 m and the mean travel distance is 67,509 m. The 

maximum travel distance value to procure obsidian the furthest utilized sources is 310034 m.  

The minimum travel distance value for late-Colonial Period is 27394 m. The median travel 

distance for this period is 34,656 m and the mean travel distance is 35,851 m. The maximum travel 

distance to procure obsidian from the furthest obsidian source utilized in this time period is 46,697 m. 

These values are summarized in Figure 5.1 with each utilized obsidian source shown as jittered points 

and distances shown in the logarithmic scale on the Y-axis.  

The results of a t-test comparing the post-Spanish contact samples (combining early-Colonial, 

Pueblo Revolt, & late-Colonial samples) single-trip travel distance (mean = 46,917.23 m, 

SD=61233.57) to the pre-Hispanic period ubiquity travel distance (mean = 32,505.64 m, 

SD=30468.97) indicates that even though the mean post-Spanish contact one-way travel distance is 

over 14,400 m farther, the difference in the mean travel distances prior to the arrival of the Spanish 

through Reconquista is not significant, t(23.101) = 1.077, p = 0.292.   
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Figure 5.2 shows the distribution of travel distances by source with the chronological period 

of each one-way LCP distance value plotted as jittered points and the distances shown in logarithmic 

scale on the Y-axis. These box plots demonstrate that the furthest source utilized at Hemish sites is El 

Rechuelos with a median travel distance of 52,015 m, followed by Cerro del Medio as the second 

furthest source with a median travel distance of 41,138 m. The source which presents the shortest 

travel distance to procure obsidian is Canovas Canyon with a median travel distance of 11,292 m. 
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 The significance of the travel distance results is discussed later in the Analysis and 

Interpretation chapter (Chapter 6) of this work. The LCP travel distance results and debitage 

analysis results and analyzed together to understand how travel distance influences Hemish 

lithic procurement and reduction strategies.  

 

Obsidian Debitage Analysis Results 

The debitage assemblage represents about 400 years of obsidian procurement and reduction 

activity from 31 Hemish sites across the Jemez Plateau. A total of 2,221 obsidian debitage samples 

are examined in this macroscopic attribute analysis. Five chemically distinct obsidian sources were 
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53 
 

previously identified (Liebmann 2017) using p-XRF for over 99% of the artifacts with the source of 

less than 1% (n=21) of the assemblage remaining unidentified. All artifacts were recovered from 

surface middens.  

Attributes for each piece of debitage in the assemblage collected through the analysis include 

the specimen’s weight, length, width, maximum thickness, percent cortical surface, count of dorsal 

flake scars, count of inclusions, and distal termination type. Each specimen was categorized by 

reduction stage (primary, secondary, tertiary) based on the percentage of cortical surface, number of 

dorsal flake scars, and thickness of the sample. These typological criteria are discussed in greater 

detail in the Methods (Chapter 4) section of this work.  

While dimensional data were recorded for every specimen, these measurements may vary 

between analysts; therefore, weights are considered to be the most reliable, replicable data point of 

any debitage attribute analysis (Andrefsky 2005:98). Due to the high reliability of sample weight 

data, presentation of the results focuses on sample weights rather than the size metrics.  

The artifact counts, total weights, and mean sample weights are organized by site in Table 

5.2, with the sites grouped chronologically. The weights and counts are given for samples from each 

associated obsidian source. Blank cells indicate that obsidian from a particular source was not found 

at that site.   

Summarizing the obsidian data by source, obsidian from the Cerro del Medio source 

comprises the majority (52.6%) of the total assemblage by weight. Canovas Canyon Rhyolite weighs 

in as the second most common obsidian source at 21.76% of the total assemblage with Bearhead 

Rhyolite (18.46%), Cerro Toledo Rhyolite (5.85%), the unknown source (0.75%), and El Rechuelos 

Rhyolite (0.58%) following.  

The largest total weight of obsidian samples collected from any is 569.08 g from the pre-

Hispanic site Tovakwa/LA 484. The lowest total weight of obsidian samples from all sites is 7.51 g 

from pre-Hispanic site Kiashita/LA 46340. The mean total sample weight per site is 150.95 g and the 

median total sample weight per site is 109.37 g. The mean weight of an individual obsidian artifact 
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from all sites and sources is about 2.06 g and the median is about 1.74 g. The maximum mean 

specimen weight from all identified sources is 11.86 g from the Cerro Toledo Rhyolite source at the 

pre-Hispanic site of Little Boletsakwa/LA 135. The minimum mean specimen weight from all 

identified sources is 0.12 g from the Bearhead Rhyolite source at the late-Colonial site Astialakwa/LA 

1085. 
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As the analysis in this thesis focuses on temporal shifts in the lithic assemblage, it is 

important to summarize the results chronologically. The proportional weights of the obsidian sources 

are further summarized in Table 5.3.  Cerro del Medio is the most popular source in the pre-Hispanic 

period comprising 54% of this assemblage. In the following early-Colonial Period, Bearhead Rhyolite 

(54.85%) becomes the dominant obsidian source. The proportion of Cerro del Medio obsidian 

rebounds in the Pueblo Revolt period (44.6%) once again comprising the majority of the assemblage. 

Again, in the late-Colonial Period CDM comprises the majority of the assemblage by weight at 

32.29%.  

 

Table 5.3. Proportion of Obsidian Source Weights by Period 

 

Period Source Proportion by Weight 

pre-Hispanic Bearhead Rhyolite 15.91%

Canovas Canyon Rhyolite 22.82%

Cerro del Medio/Valles Rhyolite 54.04%

Cerro Toledo Rhyolite 5.95%

El Rechuelos 0.59%

Unknown 0.70%

pre-Hispanic Total 100.00%

early-Colonial Bearhead Rhyolite 54.85%

Canovas Canyon Rhyolite 9.10%

Cerro del Medio/Valles Rhyolite 33.68%

Cerro Toledo Rhyolite 2.13%

El Rechuelos 0.24%

early-Colonial Total 100.00%

Pueblo Revolt Bearhead Rhyolite 32.29%

Canovas Canyon Rhyolite 12.02%

Cerro del Medio/Valles Rhyolite 44.60%

Cerro Toledo Rhyolite 10.28%

El Rechuelos 0.81%

Pueblo Revolt Total 100.00%

late-Colonial Bearhead Rhyolite 1.23%

Canovas Canyon Rhyolite 19.43%

Cerro del Medio/Valles Rhyolite 39.29%

Cerro Toledo Rhyolite 8.91%

Unknown 31.13%

late-Colonial Total 100.00%
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 The shift from Cerro del Medio obsidian in the pre-Hispanic Period to Bearhead Rhyolite in the 

early-Colonial Period is statistically significant.  Table 5.4 presents the results of a chi-square 

 

analysis. Using the marginal totals of obsidian counts from observed period and source, an expected 

count for period and source is generated.  A standardized residual value of +/-3 indicates a 

statistically significant increase or decrease between the observed and expected count. The 

standardized residual for the proportion of Bearhead Rhyolite in the early-Colonial period is 10.7, 

meaning the shift is not the result of a random distribution of obsidian source usage across the four 

chronological periods. This statistic, along with the standardized residual for Cerro del Medio 

showing a significant decrease (-5.28), indicates that the shift in obsidian usage away from CDM 

obsidian to Bearhead Rhyolite is indeed a significant change in Hemish obsidian procurement.  

 Figure 5.3 demonstrates a significant positive correlation between sample weights and counts. 

This correlation indicates that counts of the debitage may serve as a reliable proxy for weights. The 

standardized residual referenced above uses sample counts to calculate the statistical significance of 

the shift from Cerro del Medio obsidian in the pre-Hispanic Period to Bearhead Rhyolite in the early-

Colonial Period. With a positive correlation between artifact counts and weights, the standardized 

residual value retains relevance for variation seen in shifts of sample weights. Moreover, these results 

Observed Count Bearhead Rhyolite Canovas Canyon Rhyolite Cerro del Medio Cerro Toledo El Rechuelos

pre-Hispanic 345 383 1052 127 12

early-Colonial 87 17 55 4 1

Pueblo Revolt 18 8 52 16 1

late-Colonial 2 2 14 4 0

Expected Count Bearhead Rhyolite Canovas Canyon Rhyolite Cerro del Medio Cerro Toledo El Rechuelos

pre-Hispanic 394.27 357.63 1023.18 131.71 12.21

early-Colonial 33.69 30.56 87.44 11.26 1.04

Pueblo Revolt 19.52 17.70 50.65 6.52 0.60

late-Colonial 4.52 4.10 11.73 1.51 0.14

Standardized Residual Bearhead Rhyolite Canovas Canyon Rhyolite Cerro del Medio Cerro Toledo El Rechuelos

pre-Hispanic -7.79 4.16 3.69 -1.19 -0.17

early-Colonial 10.71 -2.83 -5.28 -2.33 -0.04

Pueblo Revolt -0.39 -2.61 0.28 3.93 0.52

late-Colonial -1.34 -1.16 0.97 2.11 -0.38

Table 5.1. Significance of Observed vs. Expected Counts of Obsidian Varieties 
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confirm that Liebmann’s (2017) analysis using debitage counts may serve as an accurate proxy for the 

physical weight of the obsidian material collected.    

 

 

Figure 5.3. Correlation of Sample Weights and Counts. The scatter plot shows a strong positive 

correlation linking sample weights with counts. 
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The percentage of cortical surface on a piece of lithic debitage is common attribute 

used to classify artifacts by stage of the lithic reduction process. Table 5.5 presents the 

average percentage of cortical surface per specimen found at each site in the study.   

Period Site Name
Average Cortical 

Surface per Sample

pre-Hispanic

Amoxiumqua 15.60%

Boletsakwa-n 19.50%

Giusewa 20.77%

Hanakwa 13.50%

Keatoqua 15.50%

Kiabakwa 32.50%

Kiashita 0%

Kwastiyukwa-s 22.95%

LA 24789 11%

LA 24790 2.50%

LA 373 10.58%

LA 386 24.51%

LA 398 15.82%

LA 403 25.96%

La 44001 6.50%

LA 5918 29.85%

Little Boletsakwa 15%

Nanishagi 17.22%

Patokwa-s 15.79%

Pejunkwa 26%

Saytukwa 27.50%

Seshukwa 16%

Totaskwinu 15.25%

Tovakwa 13.01%

Towakwa 12%

Unshagi 18.86%

Vallecitos Ruin 22.40%

Wabakwa 23.50%

Wahajamqua/Payshulnu 24.84%

early-Colonial

Kiatsukwa 16.27%

Kwastiyukwa-n 18.10%

Pueblo Revolt

Boletsakwa-s 3.70%

Patokwa-n 6.71%

late-Colonial

Astialakwa 4.49%

Table 5.5. Average Percentage of Cortical Surface per Specimen at Each Site 
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The data presented in Table 5.5 is summarized below in Figure 5.4 as box plots. This 

graph demonstrates the distribution for the percentage of cortex covering the surface of each 

specimen from each site in the study with the boxed line representing the median and the X 

denoting the mean. The Y-axis represents the percentage of cortical surface per for each 

debitage specimen from the associate chronological period. Debitage from the pre-Hispanic 

and early-Colonial sites average between 15 and 20 percent cortical surface per specimen 

while debitage from Pueblo Revolt and late-Colonial sites averages only about 5 percent 

cortex per specimen.  

Correlations between the LCP travel distance results and the debitage attribute 

analysis results presented in this chapter are discussed in the following chapter. Additionally, 

the significance of temporal trends in the debitage attribute data is considered.  

 

 

Figure 5.4. Mean Percentage of Cortical Surface per Specimen. Box plots represent the distribution 

of cortical surface percentage per specimen from each site by chronological period. 
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CHAPTER  6 

 

ANALYSIS AND INTERPRETATION 

 

Distance Decay Analysis  

 When organized chronologically, the average least cost pathway travel distances from 

each ancestral Hemish settlement to the utilized obsidian sources per period generally 

increase slightly over time (Figure 5.1). Beginning with the pre-Colonial period, travel 

median travel distances gradually increase after the arrival of the Spanish (Table 6.1). The 

increase in median travel distance in the early-Colonial period of only 12% or about 3.8 

kilometers is rather small. After the Pueblo Revolt, the Hemish relocate to sites further to the 

south to more defensible mesa-top settlements. At this time, median travel distances increase 

slightly by about 15% or about 5 km from the previous period. Following the Reconquista of 

New Mexico in 1692, travel distances remain about the same as the previous period, 

decreasing slightly (13% or 5 km) because the Hemish relocate to construct a highly 

defensible settlement atop an extremely tall, nearby mesa to the north. Median travel distance 

values are the focus here as this measure of central tendency is more resistant to outliers than 

the mean. 

  

 While these changes in median travel distance are not statistically significant, they show 

that the distance Hemish people travelled to procure obsidian gradually increased after the 

Period Pre-Hispanic % change Early Colonial % change Revolt Period % change Late-Colonial

Mean Distance 32506 -4% 31244 73% 74100 -52% 35851

Median Distance 30616 12% 34436 15% 39758 -13% 34657

Table 6.1. Percent Change of Mean and Median Travel Distances Over Time 
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arrival of European intruders. These changes highlight how Spanish Colonial projects like 

congregación disrupted traditional Hemish lifeways. Congregación was an effort of the 

Spanish to relocate native people from their dispersed pueblo settlements to into more 

localized communities to facilitate more effective control and missionization (Liebmann 

2012:38-39). The findings of the least cost pathway analysis show only a slight increase in 

median travel distances during the early-Colonial period when the Spanish enacted this 

policy. It is thought that Spanish efforts of congregación had limited success on the Jemez 

Plateau (Kulisheck 2001). The findings of this LCP analysis show that sites occupied during 

this time were not significantly farther from obsidian sources than earlier sites. The true 

effect of congregación in the Jemez Plateau is not fully understood as there is a dearth of 

written Spanish records from this time. However, the other Spanish colonial taxation and 

labor policies of encomienda and repartimiento certainly strained daily life for the Pueblos, 

resulting a breakdown of traditional Native exchange networks and leading to the Pueblo 

Revolt of 1680.  The violence that followed from the societal turmoil of the Pueblo Revolt 

and Reconquista forced the Hemish to relocate once again. This time, the median LCP travel 

distances decreased by about 13% as the Hemish took refuge upon high mesas toward the 

southern reaches of the Plateau.  

 The influence of travel distance in shaping Hemish lithic procurement strategies appears 

limited as Figure 5.2 in Chapter 5 shows that Cerro del Medio source is one of the furthest 

sources from Hemish settlements; however, this source represents over half of the total lithic 

assemblage by weight (Figure 6.1).  This observation suggests that travel distance could not 

have been the most important factor influencing Hemish obsidian procurement strategies. If 

minimization of travel distance was the most important factor, the Hemish would have 
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utilized closer obsidian sources like Canovas Canyon and Bearhead more than Cerro del 

Medio.  

While Hemish obsidian procurement strategies do not appear to have been 

significantly shaped by travel distance, this study also examines the potential effect of travel 

distance on Hemish lithic reduction strategies. The LCP analysis findings and the debitage 

attribute analysis data are analyzed together to test the distance-decay model to see if 

increased travel distances correlate with greater reduction intensity and greater orientation 

toward conservation of raw material which would result in smaller and lighter debitage 

deposited at settlement sites. 

Figure 6.1. Relative Weights of Obsidian Types for Total Assemblage. The proportion 

obsidian varieties by weight for the total assemblage are shown. 
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 Figure 6.2 displays the relationship between travel distance to procure obsidian and 

debitage weight. The X-axis represents the mean weight of an obsidian debitage artifact from 

each associated utilized source at each site. While the Y-axis represents the travel distance 

from each site to the corresponding utilized source. In other words, if obsidian from four 

different sources was found at a site, four points would be plotted on the graph with each 

representing the travel distance to the particular source and the mean specimen weight of that 

obsidian variety at the site. One would expect to see mean specimen weight decrease as 

travel distance increases if the distance the distance-decay model holds true. Instead, the 

evidence shows no statistically significant correlation between mean sample weight and 

procurement travel distance. These findings indicate that travel distance does not heavily 

influence the intensity of Hemish lithic reduction. 

Figure 6.2. Mean Specimen Weight by Travel Distance for All Utilized Sources. The scatter plot displays travel distances 

from each site to the each utilized obsidian source plotted against the associate mean specimen weight. The correlation 

coefficient indicates that there is no statistically significant correlation between travel distance and debitage weight. 
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A similar graph (Figure 6.3) was generated to explore the relationship of raw material 

procurement travel distance and debitage weight for Cerro del Medio obsidian, as material 

from this source rarely erodes outside of the Valles Caldera into secondary deposits 

(Shackley 2021:817). Because it is very rare for this obsidian to be found in secondary 

alluvial deposits outside the Caldera, the presence of CDM obsidian at ancestral Hemish 

settlements on the Jemez Plateau strongly suggests travel into the Valles Caldera to procure 

this material directly from the source. If a correlation exists between travel distance and 

debitage size, this phenomenon is most likely to be seen with Cerro del Medio obsidian. 

Similar to the total assemblage (Figure 6.2), debitage from Cerro del Medio (Figure 6.3) 

shows no evidence of decreased weight with increased procurement travel distance.  

Figure 6.3. Mean Specimen Weight per Site by Travel Distance for CDM Obsidian. The relationship between 

Cerro del Medio obsidian mean debitage specimen weight and the LCP travel distance to procure the associated 

raw material are shown. The correlation coefficient of .1284 indicates that there is no statistically significant 

correlation between travel distance and the weight of CDM obsidian debitage. 
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This analysis demonstrates that Hemish knappers worked obsidian in the same 

manner regardless of the distance travelled to procure the material. These findings 

underscore the limited utility of environmentally deterministic, cost-minimizing models of 

human behavior. Moreover, results of this analysis demonstrate that travel distance has no 

significant effect on the Hemish knappers’ orientation towards conservation of raw materials. 

In other words, increased travel distance to procure obsidian does not result in smaller flakes 

deposited at Hemish settlement sites.  

Much like specimen weight in the distance-decay model, the notion that debitage may 

exhibit less cortex as distance from the raw material source increases is another common 

assumption among lithic analysts that is not seen in this assemblage. Figure 6.4 demonstrates 

the relationship between average cortical surface per sample and travel distance from Hemish 

settlements to the corresponding obsidian sources. Each point on the graph represents the 

average percentage of cortical surface per specimen from each obsidian source at each site 

Figure 6.4. Correlation of Travel Distance and Mean Cortex per Sample. The scatter plot shows no significant correlation 

between the average percentage of cortical surface per specimen from each utilized source at each site and the procurement 

travel distance  
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and the travel distance to procure obsidian from the associated source. With a correlation 

coefficient of r2=.046, no correlation exists between travel distance to procure obsidian and 

the percentage of cortex found on the debitage samples. In the field, archaeologist sometimes 

assume that a high percentage of cortex seen in a scatter of lithic artifacts could suggest that 

the debitage may be deposited near the source. Debitage deposited at these Hemish 

settlements shows neither a correlation between travel distance and cortical surface nor travel 

distance and specimen weight. It is possible that all of these Hemish sites are too close to the 

obsidian sources for travel distance to play a significant role in influencing their reduction 

strategies.  

 In fact, lack of correlation between travel distance and reduction intensity seen here could 

be interpreted as evidence of the Hemish’s deep ties to the Valles Caldera and the resources 

within it. The limited effect of travel distance on Hemish obsidian reduction techniques may 

signify that all five of these obsidian sources are “local” to the Hemish. While most of the 

least-cost pathway travel distances from sites to sources range from 35-50 km, the results of 

this analysis suggests that the sources of these obsidians are so deeply tied to Hemish cultural 

practices that their use remains relatively unaffected by variation in travel distance.  

  

Chronological Analysis of Lithic Reduction 

 After showing that travel distance to procure obsidian does not significantly affect 

Hemish lithic reduction strategies, this study examines how another factor, the intrusion of 

Spanish colonizers, might affect their use of raw lithic materials. To examine how the 

pressures of Spanish colonialism may have affected Hemish lithic reduction technology, the 

data is organized chronologically, using time as a proxy to model the changes in societal 
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pressures. The boxplot below (Figure 6.5) shows the distribution of complete flake weights 

for each period. Using complete flakes mitigates any potential data skew caused by 

fragmented debitage. The mean weight of complete flakes steadily decreases over time.   

After the arrival of the Spanish in the early-Colonial Period, mean flake weight 

decreases from 2.18 g to 1.62 g. The mean flake weight (1.5 g) continues decreasing slightly 

in the Pueblo Revolt Period. Finally, in the Reconquista Period, mean flake weight falls to 

just 0.4 g which is a decrease of about 1.78 g since the Pre-Colonial period.  

As a measure of central tendency, median values are more resistant to outliers; 

therefore, it is worth looking at the median flake weights in addition to the mean. The median 

weights of complete flakes are telling a similar story, decreasing across time. One 

noteworthy difference is that the mean flake weight shows only a slight weight decrease 

between the early-Colonial and Revolt Periods, the median weight drops by over 50% (1.33 g 

Figure 6.5. Mean Flake Weights over Time. Box plots demonstrating the weight of complete flakes for 

each chronological period. In this figure, the mean is plotted with the X symbol and the median with the 

horizontal line. 
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to .75 g) during this time. This sharp decrease in flake weight suggests a dramatic shift 

occurred in Hemish lithic reduction techniques.  

The steady decrease in debitage size shows that Hemish knappers were depositing 

smaller and smaller flakes at settlement sites through time. Such a decrease in debitage 

weight suggests a shift toward conservation of raw materials. The most likely explanation for 

this trend is that the Hemish knappers could not venture out to the hinterlands to procure 

obsidian during those later periods when colonial turmoil increased violence across the 

province. The unstable and dangerous social environment meant Hemish knappers had to 

conserve raw lithic materials, resulting in smaller (lighter) obsidian chipping debris being 

deposited on the ground surface. Alternatively, during this bellicose time, it is possible that 

Hemish lithic technology shifted toward an emphasis on the production of formal tools, 

namely projectile points, as the need for weaponry had increased.  

In addition to changes in debitage size, temporal shifts in reduction stage are also 

analyzed. In this study, reduction stage accounts for changes in the percentage of cortical 

surface, specimen maximum thickness, and the count of dorsal flake scars. Figure 6.6 

displays reduction stage proportions of the assemblages for each chronological period.  
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The findings of the lithic analysis show a shift toward later stages of reduction 

beginning in the early-Colonial Period. From the pre-Hispanic Period through the Pueblo 

Revolt Period there is a gradual decrease in primary and secondary flakes while the 

percentage tertiary flakes in the assemblages gradually increases. In the latest period, there is 

a major shift toward late stage debitage with the percentage of primary flakes falling by from 

8.4% in the previous period’s assemblage to only about 2.5% of the late-Colonial 

assemblage. Moreover, the proportion of secondary flakes falls by over 40% and tertiary 

flakes increase by over 45% from the previous period. The most significant difference is the 

proportion of tertiary stage debitage between the pre-Hispanic and late-Colonial assemblages 

with late stage debitage increasing by about 64% since the pre-Hispanic Period. 

 This trend toward increased intensity of lithic reduction in samples recovered from more 

recent contexts is replicated when the data is queried for complete flakes only. Again, 

fragmentary debitage samples have been removed from the data set to confirm that 

Figure 6.6. Reduction Stage Proportions Over Time. Temporal shifts in debitage 

reduction stage for the total assemblage. 
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incomplete flakes have not skewed the analysis.  Figure 6.7 shows the proportions of 

reduction stages for complete flakes in each time period.  An increase in intensity of lithic 

reduction is even more apparent when the data is queried for complete flakes. Tertiary flakes 

comprise about 14% of the pre-Hispanic complete flake assemblage, while they account for 

over 80% of complete flakes in the late-Colonial assemblage.  

 The reduction stage proportions of each chronological period for both complete flakes 

(Figure 6.6) and the total debitage assemblage (Figure 6.7) confirm that Hemish lithic 

reduction technology shifts toward a greater intensity after the arrival of the Spanish, with a 

marked intensification in the late-Colonial or Reconquista Period.  

 This marked shift toward later stage debitage deposited during the Reconquista 

Period, much like the decrease in debitage weight discussed above, is likely the result of the 

violence that haunted the region during this period. Impending warfare with the Spanish 

loomed over the Hemish as the Spanish marched from the south. Skirmishes with 

neighboring Pueblo communities had become a recurring issue. And once the Spanish 

Figure 6.7. Complete Flakes Reduction Stage Proportions Over Time. Temporal 

shifts in reduction stage of complete flakes only.   
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soldiers reached the Jemez Mountains in July of 1694, the Hemish and their Kewa allies were 

consumed in open warfare. The debitage specimens recovered from the Reconquista period 

site, Astialakwa (LA 1085) are much smaller than in previous periods (Figure 6.5) and 

roughly double the proportion (Figures 6.6 and 6.7) of tertiary flakes comprise this 

assemblage. The data shows that during this bellicose time, the Hemish conserved obsidian 

they had available, knapping it more intensely and producing later stage debitage. Rather 

than venturing out to an obsidian source to procure more raw material, it had become safer to 

reuse the obsidian that they had available on site. As the Hemish reworked the obsidian they 

had available during this perilous time, they deposited the very small tertiary flakes found at 

Astialakwa.  

From this analysis, it is evident Hemish lithic reduction strategies change over time and 

this shift seems to correlate with changes in their social landscape. Additionally, these 

findings underscore that travel distance to these sources does not have a significant effect on 

Hemish reduction technology while significant changes are seen across time. As the direct 

and indirect effects of Spanish colonialism made procurement of raw obsidian more 

dangerous for the Hemish, their reduction strategies shifts toward a conservation of the lithic 

material.  
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Obsidian Source Preference 

This study also investigates variation in material quality among the five obsidian sources 

to better understand why the Hemish procure obsidian from particular sources at different 

times. A typical indicator of toolstone quality is the number of inclusions visible in the 

material. The ideal raw lithic material for chipped stone tool production has a homogenous, 

aphyric, crystalline structure with no inclusions in its matrix (Whittaker 1994:65-70). The 

materials most suitable for chipped stone tool production such as obsidian, chert, and 

chalcedony, are prized for the predictability of their fracturing pattern. Inclusions disrupt the 

conchoidal fracturing (Whittaker 1994:4) of these otherwise homogenous stones, making 

formal tool production nearly impossible. The average number of inclusions per sample from 

each obsidian source are shown in Figure 6.8.  

  In the pre-Colonial Period, the assemblage is dominated by Cerro del Medio obsidian 

(Table 5.3, Figure 6.9), though the travel distance to this source is the second highest (Figure 

5.2) and samples from this source contain the second highest average number of inclusions 

per specimen (Figure 6.1). As CDM obsidian is neither the closest source, nor the highest 

Figure 6.8. Average Count of Inclusions per Sample. The average count of visible 

inclusions per specimen for each obsidian variety. 
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quality source, it suggests that Hemish knappers procured CDM obsidian for reasons other 

material quality or ease of access. It is possible that they were venturing into the Valles 

Caldera, at this time, while performing other subsistence activities like hunting fowl, small 

game, and deer, or fishing the streams for trout. 

 After the arrival of the Spanish, Bearhead Rhyolite comprises the majority (55%) of the 

early-Colonial lithic assemblage by weight (Table 5.3). This is an increase of about 40%, up 

from the pre-Hispanic proportion of only 16%. This is a statistically significant increase in 

usage of Bearhead Rhyolite which suggests a major change occurred in Hemish obsidian 

procurement strategies from the CDM source to Bearhead during the early-Colonial period. 

Samples from this source show many fewer inclusions than samples from any other source, 

aside from the El Rechuelos Rhyolite source. However, in contrast with the virtually flawless 

 Figure 6.9. Proportion of Obsidian Source Usage by Weight for Each Period. The proportional weights of each obsidian 

source variety are shown as a percentage of each period not as a percentage of the total assemblage. 



76 
 

El Rechuelos Rhyolite, the Bearhead Rhyolite source presents a much lower travel distance. 

One obsidian source, Canovas Canyon, is even closer to early-Colonial Hemish settlement 

sites than the Bearhead source; however, this source comprises only about 9% of the early-

Colonial assemblage. It is possible that the Canovas Canyon obsidian nodules are so eroded 

(Shackley 2005:72) and small that Hemish knappers chose to travel further to procure 

obsidian from the Bearhead source. Bearhead Rhyolite likely became the preferred source 

during early-Colonial period because: (1) it was closer and safer to access than Cerro del 

Medio obsidian, (2) Bearhead Rhyolite possesses relatively few inclusions compared to other 

sources, and (3) it is composed of larger, more useful, nodules than the nearest source.  

 The weathering of Canovas Canyon obsidian nodules is evidence in the amount of water 

weathering found on the surface of debitage samples from this source. The surface of 

Canovas Canyon obsidian samples exhibit the most water weathering of any source in this 

study (Figure 6.10). This data supports Shackley’s observation (2005:72; 2009:275) that this 

source is composed of small, heavily eroded obsidian nodules.  

Figure 6.10. Percentage of Samples with Alluvial Weathering. 
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  After the Spanish were driven out of New Mexico in the Revolt of 1680, Cerro del Medio 

once again become the preferred obsidian source comprising roughly 45% of the assemblage 

by weight. Interestingly, Bearhead Rhyolite remains an important source during this period, 

accounting for 32% of the Revolt Period assemblage. When compared to the proportion of 

Bearhead Rhyolite in the pre-Colonial assemblage (16%), it seems that the utilization of this 

source, which significantly increased during the early-Colonial period continued to play a 

more important role in the Revolt Period than it once did in the pre-Hispanic era. The return 

to CDM obsidian and continued use of Bearhead Rhyolite in the Revolt Period assemblage 

suggests that, while some rhythms of life were restored, lasting changes had been made 

Hemish cultural practices.  

 In the late-Colonial Period, Cerro del Medio comprises the largest portion (39%) of the 

assemblage by weight despite representing the highest travel distance and highest number of 

inclusions from any source utilized during this period. While Liebmann (2017) found that the 

count of Cerro del Medio obsidian samples fell to early-Colonial levels during this period, it 

still comprises over half of the assemblage by weight. With such a small late-Colonial Period 

assemblage (n=39) it is possible that the results could be skewed. It is also possible that this 

obsidian was collected prior to the Spaniards’ return to the region. Interestingly, the nearest 

source, Canovas Canyon, represents the second most popular (28%) source in the 

Reconquista Period assemblage. The Hemish may have procured obsidian from this source, 

despite the small size of the nodules (Shackley 2005:72) due to its close proximity during 

this perilous time.  



78 
 

 One more interesting point to consider is the relative proportion of CDM obsidian for 

each of the four time periods. While Liebmann (2017) found that Cerro del Medio obsidian 

counts seems to decrease under periods of colonial subjugation and rebound to near pre-

Colonial levels in the Revolt Period, this analysis of sample weights tells a similar, yet 

slightly different story. Figure 6.11 shows the results of Liebmann’s (2017) analysis of CDM 

debitage counts in black while the present study’s lithic attribute analysis findings are shown 

in grey. As Figure 5.3 shows, debitage weights and counts are highly correlated (r2=.86), so it 

is no surprise that these values are similar. However, there is less variation in the relative 

proportions of CDM obsidian weights than counts. In fact, there is only a 5% decrease in the 

relative weight of CDM obsidian between the Pueblo Revolt and late Colonial Periods. 

Analysis of sample weights shows less variation in CDM obsidian between these two 

periods. One explanation for this difference between sample weights and counts could be that 

weights of the late-Colonial assemblage could be skewed by heavier specimens due to the 

low number of samples. Another interpretation could be that the analysis of CDM weights 

shows CDM remained an important obsidian source in the late Colonial Period due to its 

  Figure 6.11. Relative Proportions of CDM Obsidian. Comparison of the relative proportion of 

Cerro del Medio obsidian counts and weights for each chronological period. 
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significance in Hemish spirituality and may have been drawn on as a source of power and 

protection during this turbulent and dangerous time. Whatever the reason may be, the slightly 

higher relative proportion of CDM weights versus counts does not signal a return to pre-

Colonial utilization of this obsidian source. 

 While CDM obsidian composes the highest proportion of the late-Colonial assemblage at 

40%, a diachronic analysis of mean specimen weights from this source emphasizes that the 

social climate had not rebounded to the pre-Colonial balance. Figure 6.12 shows a steady 

decline in the weight of samples form Cerro del Medio as time progresses. Samples from the 

late Colonial Period weigh roughly 2 g less than Cerro del Medio samples from pre-Hispanic 

contexts. The steady decline of CDM specimen weights underscores that Hemish knappers 

using these raw materials more conservatively by depositing smaller pieces of this material 

on the ground. While the relative proportion of CDM obsidian remained fairly high within 

the late-Colonial assemblage, the steadily decreasing weight of obsidian from this sacred 

source reflects hardship Spanish colonial practices imposed on Hemish life.  

Figure 6.12. CDM Specimen Weight Over Time. The box plots show the weights of all 

Cerro del Medio obsidian specimens for each of the four chronological periods. 
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Together these analyses illuminate the major factors that shaped Hemish lithic 

procurement and reduction strategies. Single-trip travel distance to the obsidian sources was 

not the most influential factor in deciding Hemish obsidian source usage as Cerro del Medio 

is the most popular source for three of the four periods in this study but is the second farthest 

source on average according to the least-cost pathway results. Similarly, the findings of this 

analysis do not show evidence that quality (using inclusion count as a proxy for stone 

quality) was the most important factor as the CDM debitage has a high frequency of 

inclusions. It appears that CDM obsidian may have been a suitable compromise between 

travel distance and acceptable quality.  

 It is also clear from these analyses that travel distance was not the main factor influencing 

Hemish lithic reduction strategies as no correlation was found between travel distance and 

debitage weight or cortical surface. Dramatic changes in the social climate on the Jemez 

Plateau seem to correlate with most changes in the debitage attributes. It seems as the social 

situation worsened, with suffocating colonial policies, increased raiding by non-Pueblo 

native groups, and direct conflict with the Spanish, the Hemish began conserving lithic raw 

materials more intensely.     
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CHAPTER 7 

DISCUSSION 

 

 

Cerro del Medio Obsidian Reconsidered 

 This chapter expands upon some of the interpretations offered in Chapter 6 and discusses 

other factors that may have contributed to the findings of these analyses.  In 2017, Liebmann 

(2017:13) raised questions about the importance of Cerro del Medio obsidian after finding 

that use of this obsidian source seems to ebb and flow with colonial pressures in the region. 

Liebmann (2017:15) proposes that the journey across Valle Grande to obtain CDM obsidian 

became too dangerous during the colonial periods due to the raiding that was sparked after 

the Spanish Colonial policies of repartimiento and encomienda, as well as the introduction of 

European livestock, upset Indigenous exchange networks.  

 As Shackley (2021) has demonstrated, unlike other sources which readily erode into 

alluvial drainages, it is extremely rare for Cerro del Medio obsidian to erode into secondary 

deposits outside of the Valles Caldera. As discussed in Chapter 6 (Figure 6.8), CDM obsidian 

contains high numbers of devitrified spherulitic inclusions and is one of the furthest sources 

from Hemish settlement sites. With this in mind, why would the Hemish people make the 

potentially dangerous trip into Valles Caldera to procure Cerro del Medio obsidian if this 

material is neither of exceptionally high quality nor in close proximity to the pueblos? The 

least-cost pathway analysis and debitage attribute analysis suggest that this obsidian source 

may represent a satisfactory compromise between material quality and ease of access.  
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 El Rechuelos Rhyolite has the fewest inclusions out of any Jemez obsidian source far but 

is located significantly farther away from Hemish settlement sites than the other obsidian 

sources. Conversely, Cerro Toledo is nearer to settlement sites than CDM; however, this 

source contains almost double the average number of inclusions per sample than CDM 

obsidian. Similarly, the source closest to many settlement sites, Canovas Canyon, may have 

been less desirable than CDM obsidian due to the small size of its nodules (Shackley 

2005:72).  

 The results of this study quantitatively demonstrate why Cerro del Medio may have been 

the favored source for the Hemish. Cerro del Medio produced obsidian of good quality that 

was not extremely far from settlement sites. After the arrival of the Spanish, Bearhead 

Rhyolite eclipses CDM obsidian by weight in the early Colonial assemblage. The shift to 

Bearhead Rhyolite is likely explained by its superior quality to nearby sources and its greater 

accessibility than Cerro del Medio obsidian.  However, the continued use of Cerro del Medio 

obsidian throughout the colonial periods means that questions remain regarding Hemish 

preference for this source. One possible answer has been put forward by Liebmann (2017:14) 

who suggests that CDM obsidian may have possessed special meaning for the Hemish due to 

its association with Wâavêmâ. Another explanation why CDM is so prevalent among Hemish 

lithic assemblages could be that the Hemish may have practiced an embedded style of lithic 

procurement.  

 Embedded procurement (Binford 1979:261) refers to the procurement of raw materials 

during other subsistence activities. This system of lithic procurement could lessen the costs 

of travelling roughly 45 kilometers on average from Hemish settlement sites to Cerro del 

Medio. Here, an embedded style of lithic procurement makes sense as the Valles Caldera is a 
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teeming with life compared to the sun-baked mesas that characterize Jemez Plateau to the 

south. The grassy meadows that stretch across Valles Caldera are incised with creeks 

containing trout that visitors still catch today. These montane grasses conceal fowl and small 

game while the pine covered peaks provide shelter to deer and elk.  

 It is likely that Hemish people would collect obsidian 

from Cerro del Medio while hunting and fishing in the 

Valles Caldera. Moreover, obsidian at Cerro del Medio is 

plentiful. A dried creek which runs along the base its 

northern elevation is filled with obsidian cobbles (Figure 

7.1). Despite CDM obsidian’s relatively high frequency of 

devitrified spherulitic inclusions, the lithic material 

present at this source are easily found as the size of large 

cobbles that are in seemingly endless supply. Coupled with the presence of bountiful fish and 

game in the Valles Caldera, coupled with the limitless quantity of large obsidian cobbles, it 

makes sense that Cerro Del Medio obsidian tends to dominate Hemish lithic assemblages.  

 

Colonial Influence on Hemish Lithic Procurement and Reduction Strategies   

 Cerro del Medio obsidian contains the second highest percentage of inclusions (Figure 

6.8) per sample of the Jemez Mountain obsidians analyzed in this study. However, the 

enormous supply of raw material at Cerro del Medio allows one to be selective, testing 

cobbles and collecting the most aphyric stones. The abundance of large cobbles at this source 

could also explain its prevalence in the late Colonial assemblage. Due to the small sample 

size (n=39), a single cobble from one trip to CDM could account for the relatively high 

Figure 7.1. Cerro del Medio Obsidian 

Availability. Author with an armful of 

cobbles demonstrating the size and 

availability of CDM obsidian. 
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proportion by weight of the CDM obsidian in late-Colonial assemblage. When compared to 

the count of CDM obsidian from this period, the relatively high proportional weight of the 

same material does not indicate that travel to the Valles Caldera once again became practical 

during this unstable time period.  

 In fact, travel across the region is likely more difficult than ever during this time as raids 

continued to plague the Pueblos even after the Spanish were driven out of New Mexico in the 

Pueblo Revolt of 1680 (Schroeder 1968:300; Brooks 2002; Wilcox 2009:144-145; Liebmann 

2012:32-42). Pre-Hispanic Indigenous economic relationships were never fully restored 

(Liebmann 2012:97). These tensions worsened following the Spaniards’ return to the region 

in 1692. Hostilities spread between the Hemish and neighboring Pueblo communities like the 

Zia and Puname who had allied themselves with Spanish forces (Liebmann 2012:200).  

The influence of the dangerous social landscape on Hemish knapping decisions after 

the arrival of the Spanish is reflected in the obsidian debitage samples. The average weight of 

debitage samples steadily decreases over time (Figure 6.5). Similarly, the debitage deposited 

at Hemish settlement sites shifts toward the later stages of lithic reduction over time (Figures 

6.7 and 6.7). The shift toward late stage debitage, like the overall decrease in mean sample 

weight, indicates that Hemish knappers moved toward a more conservative lithic reduction 

strategy. The increasingly smaller, and later stage, pieces of debitage deposited at Hemish 

settlement sites suggests that the Hemish are utilizing more of the raw material before 

discard, essentially extending its use-life as time goes on. Conversely, the prevalence of 

larger, primary, and secondary stage debitage, as seen in the pre-Hispanic period, suggests 

that conservation of raw materials was not as important in this earlier period. The challenges 
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posed by colonial pressures on the Hemish are imbued in the obsidian debitage they left 

behind.  

This inference is supported by the least cost pathway data which shows that travel 

distance has little effect on Hemish reduction of raw lithic materials. Figures 6.2 and 6.3 

shows that there is no significant correlation between travel distance and debitage size. This 

study finds that distance-decay model does hold true for Hemish lithic reduction strategies as 

the debitage samples collected from Hemish settlement sites does not decrease in size 

(weight) as distance to the sources increases. This quantitative analysis of travel distances 

shows that the social landscape weighs more heavily on Hemish lithic reduction strategies 

than the physical.  

It would be remiss, however, to completely ignore the small effect that the location of 

particular obsidian sources did have on Hemish lithic procurement strategies. While the 

debitage analysis detailing in Chapter 6 found El Rechuelos Rhyolite to be the highest quality 

raw material among all the Jemez Mountain obsidians analyzed in this study (Figure 6.8), it 

comprises only 5.6% of the total assemblage by weight. The low proportion of this high-

quality material in the Hemish lithic assemblages is likely due to the El Rechuelos source 

being the farthest of all the obsidian sources from Hemish settlement sites and accessing it 

requires hiking across the Valles Caldera and up the ridge at its northern perimeter while 

acceptable quality toolstone, like CDM obsidian, is available within the Valles Caldera itself.  

The relatively high proportion of El Rechuelos debitage exhibiting alluvially 

weathered cortex (Figure 6.9) may be sign this material was likely collected from secondary 

deposits in alluvial drainages rather than from the source itself. Since the El Rechuelos 

obsidian source is the farthest from Hemish sites (approximately 90 km on average according 
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to the LCP analysis) it makes sense that much of this material would have been procured 

from secondary deposits. 

Hemish preference for other obsidian sources which are closer, but happen to contain 

more inclusions than El Rechuelos Rhyolite, suggests that raw material quality was not the 

most influential factor shaping Hemish lithic procurement strategies. Instead, it appears that 

obsidian with moderate levels of inclusions was of acceptable quality for ancestral Hemish 

knappers. It is likely that the Hemish frequented Cerro del Medio to collect toolstone in the 

pre-Colonial period when it was safe to travel to the Valles Caldera to perform other 

subsistence activities like fishing and hunting.  

Later, during the much more perilous early Colonial period, the debitage analysis 

shows that the Hemish likely procured most of their obsidian from the Bearhead Rhyolite 

source, rather than the Cerro del Medio. They likely utilized the Bearhead source more than 

Cerro Toledo due to the lower number on inclusions found in Bearhead Rhyolite (Figure 

6.8). It may be that the Hemish preferred the Bearhead Rhyolite source over Canovas Canyon 

obsidian due the small size of the alluvially weathered Canovas Canyon obsidian nodules. 

Bearhead Rhyolite remains an important obsidian source for the Hemish through the Revolt 

Period. Cerro Toledo may have been the least desirable obsidian sources in the Jemez 

Mountains given its relatively low proportion in the assemblage and high number of 

inclusions per sample. It is also possible that El Rechuelos and Cerro Toledo sources may 

have fallen outside the Hemish area of control as these sources are located on the eastern and 

northeastern rim of the Valles Caldera not far from the Tewa Villages of the Española Basin 

who also used these obsidians (Moore et al. 2020).  
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 While one may speculate about the underlying shifts in Hemish source preference over 

time, this study makes it clear that they adjust their lithic reduction strategies to meet the 

challenges in their society. After the Spanish colonists invade the region, disturbing Native 

exchange networks through their excessive taxation system and brutal Christianizing 

mission, the Hemish began to conserve lithic raw material, depositing smaller pieces of 

debitage and no longer discarding large flakes as they did in the pre-Hispanic period. After 

years of subjugation, deadly battles, and their already strained social and economic 

relationships buckling with the return of the Spanish in 1692, the Hemish utilize all their 

available resources. Though the caustic effects of the Spanish Colonial enterprise are evident 

in this lithic assemblage, Hemish conservation of the raw material and increased intensity of 

lithic reduction are a testament to the strength, resilience, and connection to this landscape.  
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CHAPTER 8 

CONCLUSION 

 

 This study evaluated Hemish obsidian procurement and reduction strategies through an 

analysis of over two thousand pieces of obsidian debitage collected from ancestral Hemish 

settlements in the Jemez Mountains of north-central New Mexico. The trends revealed 

through this attribute analysis of this lithic assemblage shed light on one part of a complex 

web of interconnected social ties and tensions across northern New Mexico. While the 

corrosive effects of Spanish colonial projects are reflected in the obsidian debitage from 

these Hemish settlements, the ways in which different Native American communities 

negotiated the impacts of colonial pressures are widely varied across the greater Rio Grande 

region. Even within the Jemez Plateau, differing historical trajectories and political 

motivations of neighboring Pueblo groups inspired varying degrees of alliance and conflict 

with the Spanish colonizers. 

Exploring temporal shifts in Hemish lithic procurement and reduction strategies 

deepens perspectives of Hemish history and the Hemish community’s connection to broader 

social tensions across sixteenth and seventeenth century north-central New Mexico. 

Examinations of raw material quality and travel distance suggest a lithic procurement 

strategy embedded in other subsistence activities prior to Spanish colonization of the region. 

This work provides evidence of how the Hemish navigated this precarious social landscape 

through their utilization of alternative obsidian sources and adjustments to their lithic 
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reduction techniques. The analysis of variation in raw material source quality uncovers 

factors which may have shaped Hemish communities’ resource procurement strategies during 

this turbulent time. Temporal patterns in the debitage size highlight the tenacity of the 

Hemish as they expertly utilized the lithic resources available to them while facing mounting 

pressure from both European and Native aggressors.  

This analysis lays the groundwork for improving current understandings of temporal 

shifts in Hemish lithic procurement and reduction strategies. While the LCP analysis 

provides a baseline of metric movement through this landscape, a viewshed analysis of the 

obsidian sources is an avenue for future research which may strengthen the hypothesis that 

procurement of obsidian from the Bearhead source may have been a safer, more covert 

alternative to accessing Cerro del Medio to procure obsidian. 

The results of the geospatial analysis challenge economic, environmentally 

deterministic, models of human behavior. There is little evidence that cost minimization 

significantly shaped Hemish lithic procurement strategies. Instead, this work highlights how 

the Hemish are connected to the sacred peaks of the Jemez Mountains and emphasizes the 

cultural significance of this landscape. Despite the rugged and unforgiving social and 

physical landscape of the Jemez Plateau in the seventeenth century, the Hemish people 

continued to procure obsidian from both preferred sources in the Valles Caldera and utilized 

alternative sources when necessary. As social tensions strained, their resilience and 

resourcefulness were made manifest in their tools, a lasting connection illuminated through 

this examination of Hemish material culture. Furthermore, this works helps shift the 

dominant narrative of colonial history which remains overshadowed by notions of sweeping 

disease and armor-clad crusaders. Rather, this work contributes to the decolonization of the 
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historical archaeology discourse in the Southwest by highlighting the versatility and 

resilience of the Hemish knappers and considering the complex web of varying allegiances 

among the Native groups across north-central New Mexico.  
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