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Figure 19: Examples of “extra fine” Folsom and Midland points. 

  



193 

 

Table 43: Chi-square test comparing counts of “extra fine” and ordinary styles for Folsom, 

Midland, and unifacially fluted points. 

Type * Quality Crosstabulation 

  

Quality 

Total Extra Fine Ordinary 

Type Folsom Count 44 277 321 

Expected 
Count 30.2 290.8 321.0 

Midland Count 6 195 201 

Expected 
Count 18.9 182.1 201.0 

Unifacial Count 3 39 42 

Expected 
Count 3.9 38.1 42.0 

Total Count 53 511 564 

Expected 
Count 53.0 511.0 564.0 

Chi-Square Tests 

  Value df 
Asymp. Sig. 

(2-sided) 

Pearson 
Chi-
Square 

16.961 2 .000 

Likelihood 
Ratio 19.397 2 .000 

N of Valid 
Cases 564     
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 Percussion and Pressure Thinned Midland Points 

 As noted in Chapter 3, the Midland type encompasses two collateral flaking techniques, 

percussion and pressure.  Distinguishing between percussion and pressure thinning is subjective, 

with no clear flake scar morphology separating one technique from the other (Andrefsky 

2005:118-119).  The previous chapter defines percussion flake scars as being wider than 5 mm 

and are somewhat rounded in outline.  Collateral pressure is defined as flake scars that are 

narrower than 5 mm or are more elongated in outline.  Although ideal examples of both are 

present in the research sample, there is also a considerable gray area in which the distinction 

between percussion and pressure flaking is dependent on the analyst’s impression.  Midland 

points appear to have been made using one or both thinning techniques.  In some cases, a 

Midland point may exhibit collateral pressure flaking on one face (usually the more rounded 

dorsal face of the original flake blank) and collateral percussion flaking on the other (usually the 

flatter ventral face of the flake blank).  For this research, a Midland point is defined as 

“percussion” if collateral percussion flakes are present on at least one face.  A point is defined as 

“pressure” if collateral pressure flakes are present on at least one face, and no percussion flakes 

are apparent.  Table 44 tests for significant differences in the three skill assessment variables 

between percussion and pressure thinned Midland points.  The results indicate that a significant 

difference is only present in the count of flake scars per 10 mm.  While intuitively it might seem 

that pressure flaked Midland points would have more flake scars than percussion flaked ones, the 

results actually indicate that the opposite is true.  Percussion flaked Midland points have between 

0.027 and 0.762 more flake scars per 10 mm than pressure flaked points, with 95% confidence.  

The difference may be significant but it is not large, and it is likely due to the fact that percussion 

thinned Midland points need more fine pressure retouch to shape the edges compared to their 
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pressure thinned counterparts.  Therefore, there does not appear to be any strong statistical 

support for a difference in skill between percussion and pressure thinned Midland points. 
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Table 44: Independent samples t-test comparing the width/thickness ratio, flake scars per 10 mm, 

and mistake ratio of percussion thinned vs. pressure thinned Midland points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

WidThick Percussi 77 4.9196 0.6439 0.0734 

Pressure 123 4.7911 0.6298 0.0568 

Flakes 
10mm 

Percussi 77 5.9434 1.3747 0.1567 

Pressure 123 5.5489 1.2242 0.1104 

Mistake 
Ratio 

Percussi 77 0.0324 0.0492 0.0056 

Pressure 123 0.0310 0.0450 0.0041 

Independent Samples Test 

  

Levene's 
Test for 

Equality of 
Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

WidThick Equal 
variances 
assumed 

.102 .750 1.392 198 .166 0.1285 0.0923 -0.0536 0.311 

Equal 
variances 
not 
assumed 

    1.385 158.80 .168 0.1285 0.0928 -0.0548 0.312 

Flakes 
10mm 

Equal 
variances 
assumed 

3.218 .074 2.114 198 .036 0.3945 0.1866 0.0265 0.763 

Equal 
variances 
not 
assumed 

    2.059 147.54 .041 0.3945 0.1916 0.0158 0.773 

Mistake 
Ratio 

Equal 
variances 
assumed 

.173 .678 .206 198 .837 0.0014 0.0068 -0.0120 0.015 

Equal 
variances 
not 
assumed 

    .202 150.91 .840 0.0014 0.0069 -0.0123 0.015 
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 One additional observation could potentially be used to test for skill differences between 

percussion and pressure thinned Midland points.  Some Midland points retain a trace of the 

original flake blank from which they are made.  In most cases, the flake blank remnant consists 

of the blank’s flat, ventral surface appearing on an unmodified portion of a point’s face.  In rarer 

instances, the flake blank remnant can retain traces of a flake blank’s dorsal surface, in which 

large flake scars that originated far beyond the current edge of the point are apparent.  In extreme 

cases, there can be some subjective overlap between what constitutes a flake blank remnant on a 

Midland point as opposed to the ventral face of a pseudo-fluted point.  In this research, a point is 

considered pseudo-fluted if the majority of the ventral face is unmodified and if no lateral flake 

scars cross the middle of the ventral face in the basal portion of the point (where edge grinding is 

present).  Otherwise, the point is simply considered to exhibit a flake blank remnant.  Although 

Midland and pseudo-fluted points do not have many significant quantitative differences in skill 

level (Midlands have a higher flake scar count, while pseudo-fluted has a higher width/thickness 

ratio), pseudo-fluted points are obviously more expediently made on an impressionistic level.  

Using the same logic, Midland points that retain a trace of their original flake blank were likely 

more expediently made than those that do not, and therefore those points involved less skill to 

produce.  In Table 45, the occurrences of Midland points that have flake blank remnants are 

compared for the percussion and pressure thinned varieties.  The Chi-square test reveals that 

there is no significant difference between percussion and pressure thinned Midland points in 

terms of flake blank remnants (Chi-square value=0.307, p-value=0.375).  Once again, there does 

not appear to be a difference in skill level between the two forms of Midland point production. 
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Table 45: Chi-square test comparing presence and absence of flake blank remnants for 

percussion and pressure thinned Midland points. 

Production * FlakeBlank Crosstabulation 

  

FlakeBlank 

Total Absent Present 

Production Percussion Count 69 8 77 

Expected 
Count 67.8 9.2 77.0 

Pressure Count 107 16 123 

Expected 
Count 108.2 14.8 123.0 

Total Count 176 24 200 

Expected 
Count 176.0 24.0 200.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Exact 
Sig. (2-
sided) 

Exact 
Sig. (1-
sided) 

Pearson 
Chi-
Square 

.307 1 .579     

Continuity 
Correction

b
 .110 1 .741     

Likelihood 
Ratio .313 1 .576     

Fisher's 
Exact Test       .659 .375 

N of Valid 
Cases 200         
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 Formal and Informal Pseudo-Fluted Points 

 Until now, pseudo-fluted points have been implied to represent a generalized “expedient 

point” category against which all the more formally produced point types are judged.  However, 

this generalization downplays the technological variation that is present among these points, and 

this variation may also be indicative of different skill levels.  For this analysis, pseudo-fluted 

points are divided into “formal” and “informal” categories based on the flaking of their dorsal 

surfaces.  Pseudo-fluted points that are fluted, collaterally flaked, or that exhibit some kind of 

patterned flaking on their dorsal surfaces are placed in the formal category.  Points whose dorsal 

surfaces have no reduction pattern, just edge retouch, or have a visible flake blank surface on 

both faces are placed in the informal category.  Informal pseudo-fluted points are more likely to 

be expediently made from retouched flakes, while the formal varieties appear to have more 

skillfully executed flaking on their dorsal surfaces.  However, Table 46 indicates that there are 

no significant differences in width/thickness ratios, flake scars per 10 mm, or mistake ratios 

between formal and informal pseudo-fluted points.  Mathematically, there is no obvious 

difference in skill between the two.  However, it should be noted that the sample size for this 

analysis is fairly small.  But even when miniature points and preforms are included to bolster the 

sample size, no significant difference is present. 
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Table 46: Independent samples t-test comparing the width/thickness ratio, flake scars per 10 mm, 

and mistake ratio of formal vs. informal pseudo-fluted points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

WidThick Formal 19 5.4316 1.0793 0.2476 

Informal 16 5.3019 0.9080 0.2270 

Flakes 
10mm 

Formal 19 4.7611 1.1390 0.2613 

Informal 16 4.8631 1.3353 0.3338 

Mistake 
Ratio 

Formal 19 0.0235 0.0270 0.0062 

Informal 16 0.0213 0.0368 0.0092 

Independent Samples Test 

  

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

WidThick Equal 
variances 
assumed 

.259 .614 .380 33 .706 0.1297 0.3410 -0.564 0.824 

Equal 
variances 
not 
assumed 

    .386 33.00 .702 0.1297 0.3359 -0.554 0.813 

Flakes 
10mm 

Equal 
variances 
assumed 

.595 .446 -.244 33 .809 -0.1021 0.4181 -0.953 0.749 

Equal 
variances 
not 
assumed 

    -.241 29.72 .811 -0.1021 0.4239 -0.968 0.764 

Mistake 
Ratio 

Equal 
variances 
assumed 

.612 .440 .201 33 .842 0.0022 0.0108 -0.020 0.024 

Equal 
variances 
not 
assumed 

    .196 27.03 .846 0.0022 0.0111 -0.021 0.025 
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 Summary for Qualitative Analysis 

 This section presented statistical tests concerning sub-divisions within Folsom point 

typology that are of a somewhat subjective nature.  First, occurrences of very finely made “extra 

fine”-style points were explored among the Folsom, Midland, and unifacially fluted types.  Extra 

fine points appear to represent the height of Folsom age skill in projectile point manufacture with 

broad, smooth fluting and/or lateral flaking, along with evenly spaced and very narrow pressure 

retouch along the edges.  According to the Chi-square test, this style occurs most commonly in 

Folsom and least commonly in Midland with unifacially fluted points in between, indicating that 

Folsom points are more often made by highly skilled individuals than the other variants.  The 

second analysis focused specifically on Midland points, dividing them into percussion thinned 

and pressure thinned varieties.  T-tests revealed no significant differences in width/thickness 

ratios or mistake ratios between the two sub-types, but percussion thinned points tend to have 

slightly higher flake scar counts.  Additionally, these two sub-types were examined for 

occurrences of remnant flake blank surfaces (suggesting possible expedient manufacture), and 

the Chi-square test revealed no significant distinction between percussion and pressure thinned 

Midlands in this regard.  Finally, pseudo-fluted points were divided into “formal” and “informal” 

categories based on the presence or absence of patterned flaking on the dorsal surface, and the t-

tests for width/thickness, flake scar counts, and mistake ratios revealed no significant differences 

between the pseudo-fluted sub-types.  Ultimately, counts of extra fine-style points for each point 

type provide the only qualitative distinction for skill that holds up statistically out of the methods 

employed here. 
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Conclusion 

 When examining Folsom-age projectile points on a population level, Bamforth’s 

(1991:311-314) assertion that fluted Folsom points are made by the most skilled flintknappers in 

a group appears accurate.  Overall, Folsom points are the most skillfully made, followed by 

unifacially fluted, then Midland, and lastly pseudo-fluted points.  This trend is not reflected in 

the miniature versions of these point types, however.  Miniature point variants are more 

comparable with each other in general, suggesting that they were made (or reworked into 

miniature form) with equal levels of skill regardless of type. 

 The presence of exceedingly well made points among the Folsom-age variants, named 

“extra fine” points in this analysis for lack of a better term, is particularly noteworthy.  Although 

extra fine varieties of Folsom are the most common, the fact that they also appear among 

Midland and unifacially fluted points indicates that highly skilled individuals did not always 

adhere to the typical “Folsom” template when making projectile points.  The regional analysis 

chapter will explore the sites and conditions in which the various types of extra fine points occur. 

 Archaeologists tend to differ over whether points with complicated reduction sequences, 

such as Folsom, are made by all or most members of a group or by a subset of flintknapping 

specialists.  Patten (2002:301) states, “For the group to flourish, everyone, no matter how 

awkward or adroit, must be able to accomplish the same end.”  Stepping away from the focus on 

fluted Folsoms, the presence of a variety of projectile point options during the Folsom period 

means that no one had to starve simply because they could not flute a point.  Folsom points were 

likely the ideal form, but the variety of unifacial, Midland, pseudo-fluted, and miniature options 

means that individuals of varying skill levels could at least improvise weapons of similar, and 



203 

 

likely the same, effectiveness.  On the other end of the spectrum, extra fine points were probably 

made by specialists who had an innate talent for flintknapping (see Olausson 2008).



 

 

CHAPTER 6: RAW MATERIALS ANALYSIS 

 

 Analyzing the raw materials from which stone tools were made has been a central part of 

Folsom studies, and of Paleoindian studies in general, for decades and has led to a variety of 

interpretations, with the majority emphasizing the presence of “exotic” raw materials as 

indicators of high mobility (Hester 1972; Kilby 2008; Bement 1999; Speth et al. 2013; Bamforth 

2009).  In Folsom research in particular, lithic raw material studies tend to focus on a particular 

site or region without generalizing to the entire range in which Folsom artifacts appear.  This 

specificity is understandable, considering the ability to accurately identify and to know the 

source of origin for various lithic resources takes time and experience.  This study attempts a 

more comprehensive understanding of Folsom-age raw material use, but as a result it involves 

analyzing many raw materials with which I am not familiar. 

 This chapter will first discuss the important raw material studies that have been 

conducted for the Folsom period in the various regions included in the sample.  The subsequent 

analysis of the sample artifacts, however, will primarily draw upon Hofman’s (1992) work.  His 

research directly pertains to the relationship between Folsom and Midland points and does not 

depend significantly on knowing the distance between a site and any particular lithic outcrop, 

making this approach especially applicable for the current study.  This is not to say that knowing 

the distances between sites and lithic sources is not immensely useful, but it would require data 

that is not available at this point in time. 

 Hofman (1992) and Bement (1999) have studied toolstone procurement for the Folsom 

period in the southern Plains.  As previously described, Hofman’s approach depends on the 

assumption that Folsom-age hunter-gatherers followed herds of bison regularly, leaving them 
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with only occasional opportunities to stock up on lithic raw materials.  Hofman states that these 

hunter-gatherers likely relied on bifacial cores to supply them with flake blanks for tool 

production, and as evidence, the large flake blanks from the Shifting Sands and Lipscomb 

assemblages would have been struck from such cores.  Over time, the size of a bifacial core 

decreases, and the flakes struck from them can no longer serve as blanks for Folsom preforms.  

Instead, the smaller blanks would be used to produce the unfluted or pseudo-fluted point types 

that do not require such an extensive reduction sequence as Folsom points.  In addition, already 

existing tools would be increasingly reworked to conserve raw materials.  Hofman (1992:208) 

points out that the distance between a site and a lithic source does not necessarily correlate with 

the amount of stone a group has remaining to them, as the number of kill and butchery events 

that take place prior to retooling plays a much greater role. 

 Bement’s (1999) analysis of the Cooper site, a Folsom bison kill in Oklahoma also 

explores the pattern of toolstone procurement as it relates to bison subsistence in the southern 

Plains.  The Cooper site is composed of three separate bison kill events from the Folsom period, 

all superimposed on each other in an arroyo trap.  Applying the assumption that Folsom groups 

prioritized bison procurement above all other needs, Bement illustrates how the Cooper site fits 

the model of embedded procurement, in which lithic material is acquired and tools are made and 

maintained in the course of tracking and hunting bison.  According to this model, new raw 

material that is picked up from a source does not immediately enter into service as formal tools 

and weapons; it is instead held until after the next bison kill, and only then is new raw material 

introduced to replace broken and worn out points and tools (Bement 1999:151).  It should be 

noted that this pattern does not appear evident at the Gault site, where worn out and broken 

points are replaced during the Folsom period with thus far no evidence of an associated bison 
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kill.  On the other hand, Bement’s model states that the newly acquired raw material would 

comprise most of the expedient flake tools, which are made at any time as the need arises. 

 Philippe LeTourneau’s (2000) dissertation spans Folsom assemblages in both the 

southern Plains and the Southwest.  His research questions many of the assumptions of what he 

calls the “Synthetic Folsom Model,” particularly the dependence on bison hunting, the long 

distance movement of lithic raw materials, the high mobility of Folsom-age people that is 

inferred from these materials, and the reliance on large bifacial cores for tool blanks.  His 

assessment of Folsom toolstone usage focuses on the proposed utilization of bifacial cores, direct 

versus indirect raw material procurement, and distribution patterns of local and nonlocal 

materials.  Direct evidence of bifacial cores in Folsom assemblages is rare, if it exists at all, with 

Hanson being a possible exception.  However, the cores from the Hanson site are smaller than 

expected, suggesting that they may either be exhausted larger cores or cores that were used only 

to produce expedient flake tools.  The only example of a large bifacial core is Frank’s Biface 

from the Mitchell Locality near Blackwater Draw, but it was found on the surface and may 

actually be attributable to the Clovis period.  LeTourneau then examines Folsom assemblages 

from Lindenmeier, Blackwater Draw, and Lubbock Lake to determine the proportion of flake 

tools that were made from biface thinning flakes.  He finds that biface thinning flakes make up 

less than a third of the flake tools in the three sites, indicating that bifacial cores may not have 

played as large a role in Folsom stone tool assemblages as previously assumed.  Small bifacial 

cores are present at Lindenmeier and Blackwater Draw, and they are made of nonlocal material 

in contrast to the few multidirectional cores from the two sites, which are made from local stone.  

LeTourneau (2000:77) applies Meltzer’s (1989:31) standard for differentiating local and 

nonlocal stone, with a cutoff distance at 40 km from a site. 
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 To explore the subject of direct procurement versus exchange of raw materials, 

LeTourneau (2000:56-75) employs fall-off curve analysis, in which a percentage of tools made 

from a particular source are plotted against the distance from that source to the site.  A site made 

up entirely of directly procured stone would have a sharp dropoff at the end of the curve, while a 

site that has a large percentage of exchanged materials would taper down more gradually with 

increasing distance.  LeTourneau uses regression to fit data from Folsom assemblages to both of 

these curves to determine which one provides a better match.  However, this methodology failed 

to produce useful results, probably because it relied on too many unfounded assumptions 

(LeTourneau 2000:242-246).  LeTourneau acknowledges that fall-off curves are generally 

applied to sedentary societies, where raw material exchange is likely more common.  Moreover, 

the curves assume direct linear movement from a stone source, which is unlikely for hunter-

gatherer bands moving from resource to resource. 

 Bamforth (2009) provides a cautionary tale for archaeologists who rely primarily on 

projectile point raw material data to trace Paleoindian mobility on the Plains.  He asserts that 

when local stone is available, nearly all non-projectile point tools are made of it, while points 

themselves may be made from more distant materials.  Therefore, focusing on projectile points 

has skewed the archaeological record in their favor of distant materials.  This discrepancy is 

exacerbated by the fact that points are accurate chronological markers, they are often the only 

artifacts present at kill sites, and non-diagnostic tools cannot be attributed to Folsom or other 

periods when found out of context.  Additionally, direct procurement of raw materials is usually 

assumed for Paleoindians, and that would suggest that raw materials would be used up in the 

order in which they are obtained.  However, Bamforth asserts that many sites do not exhibit this 

sequence.  For example, the one complete and unresharpened Cody point from the Horner site is 
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made of the most distant raw material from the site (Bamforth 2009:150).  Lake Theo provides a 

Folsom-age example, in which most of the expedient tools and flakes are made from local 

Tecovas jasper, while most of the projectile points are made from the more distantly acquired 

Edwards chert.  From this evidence, Bamforth suggests that the Tecovas jasper was obtained 

directly as the entire group migrated, but the Edwards chert was likely obtained by trade or by a 

special trip of a few individuals (Bamforth 2009:153-154). 

 Amick’s (1994a, 1995, 1999, 2002) research covers raw material use during the Folsom 

period for the southern Plains and the Basin and Range regions of New Mexico.  Amick’s data 

collection methodology is similar to this study in that it relies on private collections in addition to 

excavated materials and as such focuses primarily on Folsom-age projectile points, preforms, and 

channel flakes (Amick 2002:159-160).  Amick’s work has the advantage of a larger sample size 

(a total of 2,148 artifacts as of 2002) but is more restricted in its geographic range, dealing 

specifically with the southwestern United States.  In terms of raw material, Amick finds a 

notable distinction between the southern Plains and the Basin and Range Folsom assemblages in 

terms of the relative abundance of Edwards chert.  Edwards is the stone of choice for about 82% 

of the Folsom diagnostic artifacts in the southern Plains to the exclusion of the materials used 

more often in the Basin and Range (Amick 1994:18).  On the other hand, Chuska and Rancheria 

cherts make up most of the identifiable materials for the Albuquerque Basin, in Jornada del 

Muerto mostly Rancheria chert and Socorro jasper are identifiable, and Rancheria chert makes 

up almost half of the Folsom material identified in the Tularosa Basin, although various 

unidentifiable materials also comprise a significant portion of Folsom artifacts in all these areas.  

This stark division in raw material use between the Plains and Basin and Range has prompted 
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Jodry (1999:113-116) to suggest that the Rio Grande valley may have represented a border 

between two or more neighboring groups during the Folsom period. 

 Reitze et al. (2012) provide a compelling counterexample to some of the arguments that 

Hofman and Bamforth have put forth concerning Folsom technology and raw material use.  

Their recent publication on the Martin site presents a Folsom site that was surface collected in 

1955, initially reported in the MA thesis and subsequent Ph.D. dissertation of William Roosa, 

and then largely forgotten until Reitze et al.’s reexamination of Folsom sites in the Rio Grande 

valley of New Mexico.  The site is located in the Estancia Basin, 46 km east of Albuquerque.  

The Martin site stands out from the other Folsom sites in the region for two reasons.  First, 95% 

of the diagnostic artifacts and 90% of the other tools are made of Edwards chert from the 

Callahan Divide of west central Texas.  Second, nearly all of the points and preforms are of the 

classic Folsom type, with 14 fragmentary points, 46 preforms, and 148 channel flakes (although 

four of the points are “atypical” points made on flakes – most likely pseudo-fluted).  No Midland 

points are reported from this site despite the significant distance from any sources of Edwards 

chert.  The implications of this finding are difficult to discern and may indicate that one or more 

of the previous assumptions about the relationship between Folsom and Midland points is 

inaccurate (Reitze et al. 2012:254-255).  On the other hand, it may simply mean that Midland 

points were present but are not archaeologically visible at the site, or that the Folsom-age people 

who occupied the Martin site were not running low on lithic supplies despite the distance.  After 

all, Hofman (1992:208) notes that it is the number of retooling events, rather than distance, 

which plays the larger role in determining the types of points that are made.  Next, the flake tools 

from the Martin site are also predominantly made from distant Edwards chert, contra to 

Bamforth’s (2009) research on the Plains which would suggest that such tools would be made 
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from more locally available materials.  It is possible, however, that a group traveled from a chert 

source in Texas to the Estancia Basin without encountering additional resources, prompting 

nearly all their tools to be made from Edwards chert. 

 Jodry’s (1999) Ph.D. dissertation reports on the Folsom occupation of Stewart’s Cattle 

Guard in south-central Colorado, in the San Luis Valley of the upper Rio Grande basin.  Cattle 

Guard is a bison kill and associated campsite with at least 49 killed and butchered bison 

represented.  The raw materials present in the Folsom weapons and tools at this site consist 

predominantly of Black Forest silicified wood, followed by smaller proportions of Trout Creek 

jasper, Cumbres chert, and hornfels (Jodry 1999:101).  Black Forest silicified wood and Trout 

Creek jasper both come from the north, at distances of about 190 and 140 km, respectively.  

Cumbres chert and hornfels come from the San Juan Mountains and foothills, about 105 and 80 

km away, respectively.  Small percentages of artifacts are made from Chuska, Alibates, and 

Edwards cherts.  Chuska occurs to the southwest, about 400 km away, and Alibates and Edwards 

are to the southeast, about 425 and 750 km away, respectively (Jodry 1999:88-98).  The more 

abundant raw materials were either obtained directly by a single group moving in a circular 

pattern from the San Juan Mountains to what is now the Denver/Colorado Springs area, and then 

back down to Cattle Guard; or two groups (one from the west and on from the north) may have 

converged to participate in the Cattle Guard bison kill (Jodry 1999:87-88).  The more distant 

materials were likely obtained through trade or by a special task group, especially considering 

their nearly non-existent contribution to the debitage percentage (Jodry 1999:103). 

 In his analysis of Folsom sites in the Middle Park area of Colorado, Kornfeld (2002) 

makes an argument for generalized foraging (as opposed to a focus on bison procurement) for 

Folsom groups living in upland areas.  Middle Park lies in north-central Colorado and 
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encompasses the headwaters of the Colorado River.  The terrain is more rugged and elevated 

than the locations of most Folsom sites, and this geography may have played a role in the 

specific adaptations in this region.  Kornfeld’s analysis focuses on three Folsom sites (Lower 

Twin Mountain, Barger Gulch, and Hay Gulch), supplemented with data from 23 smaller 

localities in Middle Park.  One of the most noteworthy aspects of these assemblages is that they 

consist of artifacts made almost exclusively from local materials, primarily Troublesome 

Formation chert and to a lesser extent, red jasper (Kornfeld 2002:65-66).  This observation 

suggests that people who lived in this area during the Folsom period did not stray far enough 

away from Middle Park to acquire non-local stone for their tools.  Additionally, living in Middle 

Park year-round implies that Folsom-age people could not have relied on bison for the majority 

of their sustenance. 

 Using a sample of Folsom sites (plus one Goshen site) from Colorado and Wyoming, 

Surovell (2009) applies behavioral ecology to the analysis of stone tools.  The sample of sites 

consists of Agate Basin, Carter/Kerr-McGee, Krmpotich, Barger Gulch, and Upper Twin 

Mountain.  Using analyses that include ratios of bifacial to flake tools as well as local to nonlocal 

materials, Surovell develops a method for determining the length of occupation of a site and for 

discerning whether a site was repeatedly occupied multiple times.  For the raw material portion 

of his analysis, Surovell (2009:78) classifies any material available within 20 km of a site as 

local, and anything from a greater distance as nonlocal.  Simply put, a site that has a larger 

portion of nonlocal materials than local materials is likely to be a short term occupation, 

especially if the tools present are bifacial/curated, rather than more expedient flake tools.  As a 

result, Surovell determines that Barger Gulch was the longest occupied Folsom site in the 

sample, and that it was occupied 28 times longer than the short term Carter/Kerr-McGee 



212 

 

occupation.  One downside of this analysis is that the equations only work when both local and 

nonlocal materials are present, which is not the case for all Folsom assemblages.  It also assumes 

that the full horizontal extents of the archaeological sites have been excavated.  Finally, the 

sample size of Folsom sites in this study is small and would need to be expanded to determine 

whether Surovell’s methods and equations work on a larger regional or temporal scale. 

 Root et al. (2000) analyze the raw material use for the Folsom component of Bobtail 

Wolf in North Dakota.  Although Bobtail Wolf is a procurement site for Knife River flint with 

over 90% of the tools at the site being made from the material, the site also contains a wider 

sample of other raw material compared to other sites in the quarry area (Root et al. 2000:240-

245).  Folsom tools from the site are made from 11 other material types in addition to Knife 

River flint, and debitage is composed of 16 non-KRF materials.  Most of these materials occur 

within or around 100 km of the Knife River quarries, and the majority of those are from the west 

or southwest.  A few materials come from locales as distant as Idaho, the Black Hills, and the 

Green River Basin of Wyoming; however, some are from mixed contexts with Folsom and later 

groups (Root et al. 2000:248).  Although Knife River flint was extensively transported to the 

north into Canada and southwest into Wyoming, the materials coming into the quarry area from 

west and southwest do not appear to be from nearly as great a distance. 

 In summary, the toolstone procurement habits of Folsom groups appear to vary greatly 

depending on the region in question.  In some places, particularly the southern Plains, Folsom 

raw materials were often obtained from quite distant sources, although in at least some sites, only 

hunting-related tools were made from these exotic materials with the flake tools made from 

locally available stone.  Central New Mexico provides a stark contrast between Folsom groups 

that relied heavily on Edwards chert and those that used materials from elsewhere, suggesting 
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that a boundary between Folsom-age cultural groups may have existed in the region (although 

the Martin site may represent an incursion of an Edwards-supplied group beyond their usual 

range).  The Cattle Guard site in southern Colorado represents a bison kill and campsite 

containing lithic materials from multiple directions and distances, while the Middle Park region 

contains local materials to the near-exclusion of any distant supplies.  Finally, the Bobtail Wolf 

site shows that Folsom groups did not appear to travel from great distances to obtain Knife River 

flint, but KRF moved extensively after it was procured.  This seeming discrepancy may provide 

insights into Folsom-age trade or seasonal migration patterns. 

 

Analysis Procedure for this Study 

 This analysis tests the position that raw material considerations play a role in determining 

the types of projectile points that were manufactured during the Folsom period.  As previously 

mentioned, knowing the source of every lithic material and the distances from those sources to 

their respective archaeological sites is not currently feasible.  The most pertinent aspect of this 

research is to distinguish different raw materials, without necessarily knowing what they are 

called or where they are from.  With this modicum of information, it is possible to test Hofman’s 

(1992) approach to Folsom and Midland technology.  Since Hofman proposes that atypical 

Folsom-age points such as Midland and pseudo-fluted are made when raw material supplies are 

running low, then these points should generally be made from the less abundant raw material 

types at any given archaeological site.  The underlying assumption in this test is that Folsom-age 

hunter-gatherers obtained lithic material via direct procurement as they traversed the landscape 

as a group. 
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 Distinguishing raw materials is accomplished by visual inspection using natural and 

ultraviolet light.  UV light has been used in several Folsom analyses as an inexpensive and 

expedient aid for identifying raw materials (Hofman et al. 1991; Jodry 1999; LeTourneau 

2000:88-93; Reitze et al. 2012; Root et al. 2000:243).  All artifacts have been photographed 

under natural light as well as longwave and shortwave UV light (see the “Photos” folder in the 

attached files).  The photos are then examined to match specimens based on similarities in 

natural appearance and UV reactions.  Originally, the use of color charts (such as Munsell or 

Pantone) appeared to be a useful method for eliminating subjectivity in UV color designations.  

However, other factors that affect color, such as patination, makes fine-grained color analysis 

excessive and unwieldy, and such specificity would result in splitting assemblages into a 

multitude of divergent material types.  Instead, colors are recorded under generic (but admittedly 

impressionistic) colors, such as gray, orange, or green. 

 The sample used in this analysis consists of points and preforms from individual Folsom 

sites with multiple lithic raw materials present in their assemblages.  Sites such as Gault that are 

made up entirely of one material and collections that have been acquired across a wide area are 

not considered in this analysis.  The analysis is first conducted on a site-by-site basis using Chi-

square tests to determine whether a significant difference exists in raw material usage among 

Folsom, Midland, unifacially fluted, pseudo-fluted, and miniature point types for each site.  

However, because the subdivisions of the artifacts by site, then type, then raw materials tend to 

generate numerous cells with low observed counts, the significance of these results is open to 

question.  In order to improve the usefulness of these tests, adjusted residuals are displayed in the 

crosstabulations to indicate which specific raw material/projectile point combinations have 

significant deviations from their expected counts.  Any cell with an adjusted residual that is 
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higher than the z-score of 1.96 is considered significant (Madrigal 2012:63-66, 178).  Next, the 

total number of points with significant differences in each type is then assessed against the total 

number of points sampled to determine whether raw material considerations play a role in 

Folsom-age projectile point technology overall.  Finally, two analyses using generalized 

dominant and non-dominant raw material categories are conducted to test whether material types 

differ by point type across the sample of artifacts as a whole. 

 

Analysis 

 Blackwater Draw 

 For the 21 points and preforms recorded from the Blackwater Draw collections at TARL, 

only three are made from materials other than Edwards chert.  One is Alibates, and the others are 

two separate indeterminate materials.  A Chi-square test does not find any significant differences 

in material selection among point types (Table 47) due to the small sample size, but it may be 

worth noting that 11 of the 12 Folsom points are made from Edwards chert, while two of the five 

Midland points are made from non-Edwards materials.  These Midland points still fall short of 

having significant residual scores, however. 
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Table 47: Chi-square test comparing point types and material types for Blackwater Draw. 

Style * Material Crosstabulation 

  

Material 

Total Alibates Edwards Indet A Indet B 

Style Folsom Count 0 11 1 0 12 

Expected 
Count .6 10.3 .6 .6 12.0 

Adjusted 
Residual -1.18 .90 .89 -1.18   

Midland Count 1 3 0 1 5 

Expected 
Count .2 4.3 .2 .2 5.0 

Adjusted 
Residual 1.83 -1.88 -.57 1.83   

Plainview Count 0 2 0 0 2 

Expected 
Count .1 1.7 .1 .1 2.0 

Adjusted 
Residual -.33 .61 -.33 -.33   

Unifacially 
Fluted 

Count 0 2 0 0 2 

Expected 
Count .1 1.7 .1 .1 2.0 

Adjusted 
Residual -.33 .61 -.33 -.33   

Total Count 1 18 1 1 21 

Expected 
Count 1.0 18.0 1.0 1.0 21.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

7.681
a
 9 .567 

Likelihood 
Ratio 7.430 9 .592 

N of Valid 
Cases 21     
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 Shifting Sands 

 Similar to Blackwater Draw but with a larger sample in this analysis, the Shifting Sands 

assemblage is almost entirely dominated by Edwards chert, with the exception of four individual 

cases of other raw materials.  However, in this case none of the other raw materials are present 

among Folsom points or preforms.  Moreover, none of the full-sized Midland points and 

preforms are made from non-Edwards materials.  Two pseudo-fluted points are made from 

indeterminate materials, a miniature Midland point is made from quartz crystal, and a lone 

Plainview point is made from Notrees chert.  These points all have significant adjusted residual 

scores, along with Edwards chert Midland points, which are slightly more abundant than 

expected.  The Chi-square test suggests that a significant difference in raw material preference 

exists overall as well, but once again the non-Edwards chert point count is extremely small 

(Table 48). 

 Scharbauer 

 Folsom points are uncommon among the Scharbauer sample in Rose’s collection, with 

only three present.  However, one of those three is made from a material other than Edwards 

chert, while all but one of the 17 Midland points in the sample are Edwards chert.  Additionally, 

two of the three miniature points are Edwards chert, and the single pseudo-fluted and unifacially 

fluted points are also both Edwards chert (Table 49).  The Chi-square test does not indicate any 

overall significance due to the small sample, but the miniature Midland made from Indeterminate 

chert A has a significant adjusted residual score.  The lone Milnesand point is also significant, 

while the Folsom point of Indeterminate chert B falls just shy of a significant score. 
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Table 48: Chi-square test comparing point types and material types for Shifting Sands.  

Style * Material Crosstabulation 

  

Material 

Total Edwards 
Indet 

A 
Indet 

B Notrees 
Quartz 
Crystal 

Style Folsom Count 
31 0 0 0 0 31 

  Expected 
Count 30.2 0.2 0.2 0.2 0.2 31 

  Adjusted 
Residual 1.05 -0.52 -0.52 -0.52 -0.52   

  Midland Count 
78 0 0 0 0 78 

  Expected 
Count 75.9 0.5 0.5 0.5 0.5 78 

  Adjusted 
Residual 2.17 -1.07 -1.07 -1.07 -1.07   

  Mini 
Folsom 

Count 
4 0 0 0 0 4 

  Expected 
Count 3.9 0 0 0 0 4 

  Adjusted 
Residual 0.34 -0.17 -0.17 -0.17 -0.17   

  Mini 
Midland 

Count 
3 0 0 0 1 4 

  Expected 
Count 3.9 0 0 0 0 4 

  Adjusted 
Residual -2.77 -0.17 -0.17 -0.17 5.98   

  Mini 
Pseudo 

Count 
4 0 0 0 0 4 

  Expected 
Count 3.9 0 0 0 0 4 

  Adjusted 
Residual 0.34 -0.17 -0.17 -0.17 -0.17   

  Mini Uni-
Fluted 

Count 
1 0 0 0 0 1 

  Expected 
Count 1 0 0 0 0 1 

  Adjusted 
Residual 0.17 -0.08 -0.08 -0.08 -0.08   

  Plainview Count 
0 0 0 1 0 1 

  Expected 
Count 1 0 0 0 0 1 

  Adjusted 
Residual -5.98 -0.08 -0.08 12.08 -0.08   

  Pseudo-
fluted 

Count 
9 1 1 0 0 11 

  Expected 
Count 10.7 0.1 0.1 0.1 0.1 11 

  Adjusted 
Residual -3.26 3.52 3.52 -0.29 -0.29   
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Table 48 continued. 

      
Material 

Total 

      

Edwards 
Indet 

A 
Indet 

B Notrees 
Quartz 
Crystal 

Style Unifacially 
Fluted 

Count 
12 0 0 0 0 12 

  Expected 
Count 11.7 0.1 0.1 0.1 0.1 12 

  Adjusted 
Residual 0.61 -0.3 -0.3 -0.3 -0.3   

Total Count 
142 1 1 1 1 146 

Expected 
Count 142 1 1 1 1 146 

Chi-Square Tests 

     

  Value df 

Asymp. 
Sig. (2-
sided) 

     Pearson Chi-
Square 

206.592
a
 32 0 

     Likelihood 
Ratio 30.056 32 0.565 

     N of Valid 
Cases 146     
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Table 49: Chi-square test comparing point types and material types for Scharbauer. 

Style * Material Crosstabulation 

  

Material 

Total Edwards Indet A Indet B 

Style Folsom Count 2 0 1 3 

Expected 
Count 2.6 .2 .2 3.0 

Adjusted 
Residual -1.04 -.50 1.91   

Midland Count 17 0 1 18 

Expected 
Count 15.5 1.2 1.2 18.0 

Adjusted 
Residual 1.65 -1.87 -.36   

Milnesand Count 1 1 0 2 

Expected 
Count 1.7 .1 .1 2.0 

Adjusted 
Residual -1.54 2.49 -.40   

Mini 
Midland 

Count 0 1 0 1 

Expected 
Count .9 .1 .1 1.0 

Adjusted 
Residual -2.54 3.74 -.28   

Mini 
Pseudo 

Count 2 0 0 2 

Expected 
Count 1.7 .1 .1 2.0 

Adjusted 
Residual .59 -.40 -.40   

Plainview Count 1 0 0 1 

Expected 
Count .9 .1 .1 1.0 

Adjusted 
Residual .41 -.28 -.28   

Pseudo-
fluted 

Count 1 0 0 1 

Expected 
Count .9 .1 .1 1.0 

Adjusted 
Residual .41 -.28 -.28   

Unifacially 
Fluted 

Count 1 0 0 1 

Expected 
Count .9 .1 .1 1.0 

Adjusted 
Residual .41 -.28 -.28   

Total Count 25 2 2 29 

Expected 
Count 25.0 2.0 2.0 29.0 
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Table 49 continued. 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

24.940
a
 14 0.035 

Likelihood 
Ratio 14.498 14 0.413 

N of Valid 
Cases 29     
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 Wyche Ranch 

 This sample is very similar to Scharbauer, with only Midland points being well 

represented at 10 specimens.  Three of those 10 Midland points are made from unknown cherts, 

while the one Folsom, one miniature, and two pseudo-fluted points are all made from Edwards.  

Although these results seem to imply that Midland points are more often made from less 

abundant raw materials, neither the Chi-square test nor the adjusted residuals reveal statistically 

significant values (Table 50). 

 The Folsom assemblages from Texas and eastern New Mexico suffer from an obvious 

problem that likely inhibits this analysis: an overabundance of Edwards chert.  Outcrops of this 

chert occur across a wide area of central Texas and are extremely difficult to assign to regional 

varieties (Hofman et al. 1991:297), masking much of the Folsom procurement patterns that 

occurred in this region.  Moreover, it must be noted that many of the sites that rely heavily on 

Edwards chert have a high percentage of Midland points.  A couple of possible explanations for 

this observation will be explored in the following chapter. 

  



223 

 

Table 50: Chi-square test comparing point types and material types for Wyche Ranch. 

Style * Material Crosstabulation 

  

Material 

Total Edwards Indet A Indet B 

Style Folsom Count 1 0 0 1 

Expected 
Count .8 .1 .1 1.0 

Adjusted 
Residual .48 -.38 -.26   

Midland Count 10 2 1 13 

Expected 
Count 10.7 1.5 .8 13.0 

Adjusted 
Residual -1.06 .84 .57   

Mini 
Midland 

Count 1 0 0 1 

Expected 
Count .8 .1 .1 1.0 

Adjusted 
Residual .48 -.38 -.26   

Pseudo-
fluted 

Count 2 0 0 2 

Expected 
Count 1.6 .2 .1 2.0 

Adjusted 
Residual .70 -.55 -.38   

Total Count 14 2 1 17 

Expected 
Count 14.0 2.0 1.0 17.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

1.121
a
 6 .981 

Likelihood 
Ratio 1.799 6 .937 

N of Valid 
Cases 17     
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 Rio Rancho 

 Moving away from Texas and eastern New Mexico, two dramatic changes are 

immediately noticeable, as observed by Amick (1994a:18) and Jodry (1999:113-116).  First, the 

prevalence of Edwards chert drastically decreases, and second, Folsom points become much 

more numerous compared to the unifacially fluted or unfluted varieties.  As a result, the Rio 

Rancho sample suffers from basically the opposite problems as the preceding samples.  Rio 

Rancho has a variety of raw materials, but all but one of the 33 points and preforms are 

typologically Folsom.  The one remaining point is pseudo-fluted.  Moreover, this pseudo-fluted 

point is made from the most abundant material in the sample, which fails to support Hofman’s 

hypothesis, and its inclusion in the dominant raw material makes the Chi-square test results 

insignificant (Table 51). 
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Table 51: Chi-square test comparing point types and material types for Rio Rancho. 

Style * Material Crosstabulation 

  

Material 

Chalcedony Chuska Indet A Indet B 
Indet 

C Indet D Obsidian 

Style Folsom Count 2 2 1 1 1 1 3 

Expected 
Count 1.9 1.9 1.0 1.0 1.0 1.0 2.9 

Adjusted 
Residual .26 .26 .18 .18 .18 .18 .32 

Pseudo
-fluted 

Count 0 0 0 0 0 0 0 

Expected 
Count .1 .1 .0 .0 .0 .0 .1 

Adjusted 
Residual -.26 -.26 -.18 -.18 -.18 -.18 -.32 

Total Count 2 2 1 1 1 1 3 

Expected 
Count 2.0 2.0 1.0 1.0 1.0 1.0 3.0 

Style * Material Crosstabulation (continued) 
 

  

  

Total 

 

Quartzite Rancheria 
San 

Andres 
Silicified 
Wood 

Yellow & 
Brown 
Chert 

 

Style Folsom Count 1 3 2 3 12 32 
 

Expected 
Count 1.0 2.9 1.9 2.9 12.6 32.0 

 

Adjusted 
Residual .18 .32 .26 .32 -1.26   

 

Pseudo-
fluted 

Count 0 0 0 0 1 1 
 

Expected 
Count .0 .1 .1 .1 .4 1.0 

 

Adjusted 
Residual -.18 -.32 -.26 -.32 1.26   

 

Total Count 1 3 2 3 13 33 
 

Expected 
Count 1.0 3.0 2.0 3.0 13.0 33.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

1.587
a
 11 1.000 

Likelihoo
d Ratio 1.911 11 .999 

N of 
Valid 
Cases 

33     
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 Lindenmeier 

 Although this site contains the largest Folsom assemblage recorded thus far and boasts a 

wide variety of raw materials and point types, the sample used in this analysis is still heavily 

biased towards bifacially fluted Folsom points.  Only a sample of the Lindenmeier points and 

preforms was analyzed in this research, encompassing the 197 artifacts at the Denver Museum 

and the Smithsonian available for raw material analysis.  Given its size, this sample may well be 

representative of the total raw materials and point types from the site.  All the points and 

preforms from the Denver Museum collections were recorded.  At the Smithsonian, Lindenmeier 

diagnostic artifacts are organized in drawers on trays, with separate trays for points and 

preforms.  The sampling strategy for the Smithsonian Lindenmeier assemblage consisted of 

recorded points and preforms from each tray column by column, so that the first column from 

every tray was analyzed before moving back to the second column of the first tray (see Figure 5). 

 While the sample of 197 points and preforms is more than enough for examining issues 

relating to technology and skill, it falls short in the raw material analysis.  This shortfall is due to 

the disproportionate number of Folsom points compared to the other type variants, as well as the 

wide variety of raw materials that are represented at the site.  Therefore, the results suggested 

here must be read with caution due to low artifact counts in individual cells.  The attached file 

“Lindenmeier Raw Materials.xlsx” shows the distribution of the point types sampled at 

Lindenmeier relative to the raw materials that have been identified in this analysis.  The most 

prevalent raw materials are Chalcedony A, Flattop chalcedony, and Hartville Uplift, based on 

counts of Folsom points and preforms.  Additionally, adjusted residuals indicate there are 

significantly more Folsom points made from Chalcedony A than expected.  Proportionately, the 

counts of the other point variants match the expected amounts for Flattop chalcedony and 
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Hartville Uplift, except for a higher than expected count of Midland points made from Flattop 

chalcedony.  Four material types: Alibates, Green River Chert B, Indet F, and oil shale are not 

present among the Folsom points but are present among the other Folsom variants.  Alibates and 

oil shale are each represented by a single unifacially fluted point, Indet F is a Midland point, and 

Green River B is present in a pseudo-fluted point.  These four points may appear to lend some 

credence to Hofman’s hypothesis and have significant adjusted residual scores, but they are most 

likely exceptions.  Additionally, there are 11 material types in which Folsom points appear to the 

exclusion of all other variants: Black Forest silicified wood, heated orange chert, Indet A and E, 

Jack Marrow chert, Oolitic chert A and B, Phosphoria (red jasper) A and C, Silicified Wood B, 

and Tan chert B.  For the most part, the proportions of other point variants in any material type 

reflect a scaled down proportion of the Folsom points for that material. 

 Krmpotich 

 The diagnostic points and preforms from Krmpotich consist almost entirely of the formal 

Folsom type, although one unifacially fluted point is also present.  The unifacially fluted point is 

made from Green River chert, which is the second most abundant raw material for the 16 

projectile points at the site.  Neither the Chi-square test nor the adjusted residuals are significant, 

and Krmpotich cannot support Hofman’s hypothesis (Table 52). 

 Hanson 

 Folsom and Midland points and preforms from Hanson occur roughly in proportion to 

each other in terms of raw materials, although there is one quartzite Midland point out of the 16 

artifacts sampled that has no Folsom counterpart.  This artifact could represent the last remaining 

point of a dwindling raw material supply as per Hofman’s hypothesis, but this point is not 



228 

 

enough to produce significant results in the Chi-square test or in the adjusted residuals (Table 

53). 

 Agate Basin 

 The point and preform sample from Agate Basin is made up of seven Folsom artifacts, 

along with one example each of Midland, pseudo-fluted, and unifacially fluted.  Knife River flint 

and quartzite have the highest counts of Folsom artifacts, but all the other variants (and a single 

Folsom point) are made from the material designated Indet B.  Although these results appear to 

offer some support to Hofman’s hypothesis, they are not significant according to the Chi-square 

test and the adjusted residuals (Table 54), likely due to the presence of the Indet B Folsom point. 
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Table 52: Chi-square test comparing point types and material types for Krmpotich. 

Style * Material Crosstabulation 

  

Material 

Total 

Green 
River 
Chert Indet A Indet B 

Jack 
Marrow 
Chert 

Oil 
Shale 

Oolitic 
Chert 

Style Folsom Count 4 1 1 3 1 5 15 

Expected 
Count 4.7 .9 .9 2.8 .9 4.7 15.0 

Adjusted 
Residual -1.53 .27 .27 .50 .27 .70   

Unifacially 
Fluted 

Count 1 0 0 0 0 0 1 

Expected 
Count .3 .1 .1 .2 .1 .3 1.0 

Adjusted 
Residual 1.53 -.27 -.27 -.50 -.27 -.70   

Total Count 5 1 1 3 1 5 16 

Expected 
Count 5.0 1.0 1.0 3.0 1.0 5.0 16.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

2.347
a
 5 .799 

Likelihoo
d Ratio 2.477 5 .780 

N of 
Valid 
Cases 

16     
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Table 53: Chi-square test comparing point types and material types for Hanson. 

Style * Material Crosstabulation 

  

Material 

Total Indet 
Morrison 

Chert 
Phosphoria 

A 

Phosphoria 
B 

Phosphoria 
C Quartzite 

Style Folsom Count 1 2 4 1 1 0 9 

Expected 
Count 1.1 2.3 3.9 .6 .6 .6 9.0 

Adjusted 
Residual -.19 -.29 .06 .91 .91 -1.17   

Indet Count 0 1 1 0 0 0 2 

Expected 
Count .3 .5 .9 .1 .1 .1 2.0 

Adjusted 
Residual -.57 .87 .19 -.39 -.39 -.39   

Midland Count 1 1 2 0 0 1 5 

Expected 
Count .6 1.3 2.2 .3 .3 .3 5.0 

Adjusted 
Residual .61 -.31 -.20 -.70 -.70 1.53   

Total Count 2 4 7 1 1 1 16 

Expected 
Count 2.0 4.0 7.0 1.0 1.0 1.0 16.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

4.857
a
 10 .901 

Likelihoo
d Ratio 5.836 10 .829 

N of Valid 
Cases 16     
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Table 54: Chi-square test comparing point types and material types for Agate Basin. 

    Style * Material Crosstabulation 

  

Material 

Total 

Knife 
River 
Flint Indet A Indet B Quartzite 

Style Folsom Count 3 1 1 2 7 

Expected 
Count 2.1 .7 2.8 1.4 7.0 

Adjusted 
Residual 1.36 0.69 -2.54 1.04   

Midland Count 0 0 1 0 1 

Expected 
Count .3 .1 .4 .2 1.0 

Adjusted 
Residual -0.69 -0.35 1.29 -0.53   

Pseudo-
fluted 

Count 0 0 1 0 1 

Expected 
Count .3 .1 .4 .2 1.0 

Adjusted 
Residual -0.69 -0.35 1.29 -0.53   

Unifacially 
Fluted 

Count 0 0 1 0 1 

Expected 
Count .3 .1 .4 .2 1.0 

Adjusted 
Residual -0.69 -0.35 1.29 -0.53   

Total Count 3 1 4 2 10 

Expected 
Count 3.0 1.0 4.0 2.0 10.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

6.429
a
 9 .696 

Likelihood 
Ratio 7.719 9 .563 

N of Valid 
Cases 10     
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 Hell Gap 

 Although the sample from this site is divided into Folsom, Midland, and Goshen 

components, these components are combined in this analysis due to the small sample size of 

diagnostics (21 in total) in the assemblages.  The Chi-square test provides no significant results 

overall, although as with the other sites, the miniscule sample size for each point type by material 

type makes the results uncertain (Table 55).  There are several cells with adjusted residuals that 

are close to significant, but the only one that is truly significant is the one containing two Folsom 

points made of Hartville Uplift chert.  However, it is worth noting that Hartville Uplift chert is 

split from another material, termed Hartville B, which appears similar under regular light but 

fluoresces differently.  The same holds true with the three varieties of “Phosphoria” (possibly red 

jasper) identified in this sample.  When these materials are combined under one Hartville 

category and one Phosphoria category, no significant adjusted residuals are present. 

 Barger Gulch 

 This site is made up almost entirely of bifacially fluted Folsom points (27), except for one 

unifacially fluted point.  Also, the site is heavily dominated by Troublesome Formation chert, 

with the unifacially fluted point being made from this material as well.  Therefore, no significant 

variations in point types and raw materials are present at this site (Table 56). 

 Bobtail Wolf 

 Although this is one of the Folsom sites located within the Knife River flint quarry area, a 

variety of other materials is also present in small numbers.  Midland points (three in total) are 

present among some of these materials in addition to Knife River flint, but every raw material is 

also represented by at least one Folsom point.  Therefore, both the Chi-square test and the 

adjusted residuals lack any significant results (Table 57). 
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Table 55: Chi-square test comparing point types and material types for Hell Gap. 

Style * Material Crosstabulation 

  

Material 

Clinker 
(Porcelainite) Hartville B 

Hartville 
Uplift Indet A Indet B Indet C 

Style Folsom Count 0 0 2 1 1 1 

Expected 
Count .3 1.4 .6 .3 .6 .3 

Adjusted 
Residual -0.65 -1.62 2.35 1.62 0.71 1.62 

Goshen Count 1 2 0 0 0 0 

Expected 
Count .2 1.2 .5 .2 .5 .2 

Adjusted 
Residual 1.83 0.97 -0.83 -0.57 -0.83 -0.57 

Midland Count 0 2 0 0 1 0 

Expected 
Count .4 2.1 .9 .4 .9 .4 

Adjusted 
Residual -0.89 -0.15 -1.29 -0.89 0.21 -0.89 

Pseudo-
fluted 

Count 0 1 0 0 0 0 

Expected 
Count .0 .2 .1 .0 .1 .0 

Adjusted 
Residual -0.23 1.83 -0.33 -0.23 -0.33 -0.23 

Total Count 1 5 2 1 2 1 

Expected 
Count 1.0 5.0 2.0 1.0 2.0 1.0 
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Table 55 continued. 

Style * Material Crosstabulation (continued) 

  

  

Total 
Phosphoria 

A 
Phosphoria 

B 
Phosphoria 

C 
Troublesome 

Chert 

Style Folsom Count 1 0 0 0 6 

Expected 
Count 1.7 .3 .3 .3 6.0 

Adjusted 
Residual -0.76 -0.65 -0.65 -0.65   

Goshen Count 1 0 1 0 5 

Expected 
Count 1.4 .2 .2 .2 5.0 

Adjusted 
Residual -0.49 -0.57 1.83 -0.57   

Midland Count 4 1 0 1 9 

Expected 
Count 2.6 .4 .4 .4 9.0 

Adjusted 
Residual 1.39 1.18 -0.89 1.18   

Pseudo-
fluted 

Count 0 0 0 0 1 

Expected 
Count .3 .0 .0 .0 1.0 

Adjusted 
Residual -0.65 -0.23 -0.23 -0.23   

Total Count 6 1 1 1 21 

Expected 
Count 6.0 1.0 1.0 1.0 21.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

25.916
a
 27 .523 

Likelihood 
Ratio 26.992 27 .464 

N of Valid 
Cases 21     

 

  



235 

 

Table 56: Chi-square test comparing point types and material types for Barger Gulch. 

Style * Material Crosstabulation 

  

Material 

Total 
Hartville 

Uplift Indet A Indet B 
Troublesome 

Chert 

Style Folsom Count 2 1 1 23 27 

Expected 
Count 1.9 1.0 1.0 23.1 27.0 

Adjusted 
Residual 0.28 0.20 0.20 -0.42   

Unifacially 
Fluted 

Count 0 0 0 1 1 

Expected 
Count .1 .0 .0 .9 1.0 

Adjusted 
Residual -0.28 -0.20 -0.20 0.42   

Total Count 2 1 1 24 28 

Expected 
Count 2.0 1.0 1.0 24.0 28.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

.173
a
 3 .982 

Likelihood 
Ratio .314 3 .957 

N of Valid 
Cases 28     
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Table 57: Chi-square test comparing point types and material types for Bobtail Wolf. 

Style * Material Crosstabulation 

  

Material 

Chalcedony 
A 

Chalcedony 
B 

Clinker 
(Porcelainite) 

Hartville 
Uplift Indet A 

Knife 
River 
Flint 

Style Folsom Count 2 1 1 1 1 10 

Expected 
Count 2.6 .9 .9 .9 1.7 9.6 

Adjusted 
Residual -1.12 0.40 0.40 0.40 -1.62 0.54 

Midland Count 1 0 0 0 1 1 

Expected 
Count .4 .1 .1 .1 .3 1.4 

Adjusted 
Residual 1.12 -0.40 -0.40 -0.40 1.62 -0.54 

Total Count 3 1 1 1 2 11 

Expected 
Count 3.0 1.0 1.0 1.0 2.0 11.0 

Style * Material Crosstabulation (continued) 

  

  

Total 

Rainy Buttes 
Silicified 
Wood 

Silicified 
Wood A 

Silicified 
Wood B 

Yellowstone 
Agate 

Style Folsom Count 1 1 1 1 20 

Expected 
Count .9 .9 .9 .9 20.0 

Adjusted 
Residual 0.40 0.40 0.40 0.40   

Midland Count 0 0 0 0 3 

Expected 
Count .1 .1 .1 .1 3.0 

Adjusted 
Residual -0.40 -0.40 -0.40 -0.40   

Total Count 1 1 1 1 23 

Expected 
Count 1.0 1.0 1.0 1.0 23.0 
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Table 57 continued. 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

4.699
a
 9 .860 

Likelihood 
Ratio 4.518 9 .874 

N of Valid 
Cases 23     
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 Cedar Creek 

 A variety of point types and raw materials are present at Cedar Creek, with Edwards chert 

and Alibates being the most plentiful of the material types.  Quartzite and Tecovas jasper are 

only represented by a single Midland point each, but their adjusted residuals do not indicate a 

strong significance in this occurrence.  Significant residual values are present for a single 

Plainview point made from Indeterminate chert B, a pseudo-fluted point made from 

Indeterminate chert A, and two unifacially fluted points made from Alibates (Table 58).  The 

Chi-square test is not significant overall, but the pseudo-fluted and unifacially fluted points may 

provide some support for Hofman’s hypothesis at this site. 

 Sulphur River 

 This Folsom assemblage is very small with the six diagnostic artifacts made from various 

materials, with no material type occurring among more than two artifacts.  The Chi-square test is 

expectedly insignificant, but a single Midland point made from Chadron chert has a significant 

adjusted residual score (Table 59).  However, considering that all material types except for 

Edwards chert are represented by single specimens, it is uncertain to what degree this lone 

Midland point supports Hofman’s hypothesis. 

 Mud Springs 

 This Wyoming site in Jim Cox’s collection has a variety of materials with no particular 

one dominating the assemblage of 23 artifacts.  The Chi-square test does not yield a significant 

p-value, but a couple of points do have significant adjusted residual scores (Table 60).  A 

Midland point made of silicified wood and a unifacially fluted point made of jasper are 

significant in terms of residuals and may support Hofman’s hypothesis, but it is difficult to 

determine with any certainty due to the lack of any abundant material types. 
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Table 58: Chi-square test comparing point types and material types for Cedar Creek. 

Style * Material Crosstabulation 

  

Material 

Total Alibates Edwards Indet A Indet B 
Indet 

C Quartzite Tecovas 

Style Folsom Count 5 11 0 0 1 0 0 17 

Expected 
Count 5.5 9.4 .4 .4 .4 .4 .4 17.0 

Adjusted 
Residual -0.36 1.06 -0.87 -0.87 1.18 -0.87 -0.87   

Midland Count 3 7 0 0 0 1 1 12 

Expected 
Count 3.9 6.6 .3 .3 .3 .3 .3 12.0 

Adjusted 
Residual -0.66 0.28 -0.66 -0.66 -0.66 1.55 1.55   

Milnesand Count 0 1 0 0 0 0 0 1 

Expected 
Count .3 .6 .0 .0 .0 .0 .0 1.0 

Adjusted 
Residual -0.70 0.92 -0.16 -0.16 -0.16 -0.16 -0.16   

Plainview Count 3 2 0 1 0 0 0 6 

Expected 
Count 2.0 3.3 .2 .2 .2 .2 .2 6.0 

Adjusted 
Residual 0.99 -1.16 -0.43 2.41 -0.43 -0.43 -0.43   

Pseudo-
fluted 

Count 0 1 1 0 0 0 0 2 

Expected 
Count .7 1.1 .1 .1 .1 .1 .1 2.0 

Adjusted 
Residual -1.01 -0.15 4.41 -0.23 -0.23 -0.23 -0.23   

Unifacially 
Fluted 

Count 2 0 0 0 0 0 0 2 

Expected 
Count .7 1.1 .1 .1 .1 .1 .1 2.0 

Adjusted 
Residual 2.09 -1.60 -0.23 -0.23 -0.23 -0.23 -0.23   

Total Count 13 22 1 1 1 1 1 40 

Expected 
Count 13.0 22.0 1.0 1.0 1.0 1.0 1.0 40.0 
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Table 58 continued. 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

37.593
a
 30 .160 

Likelihoo
d Ratio 24.222 30 .762 

N of 
Valid 
Cases 

40     
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Table 59: Chi-square test comparing point types and material types for Sulphur River. 

Style * Material Crosstabulation 

  

Material 

Total Alibates Chadron Edwards 
Nova 
Chert Quartzite 

Style Folsom Count 0 0 1 1 0 2 

Expected 
Count .3 .3 .7 .3 .3 2.0 

Adjusted 
Residual -0.77 -0.77 0.61 1.55 -0.77   

Midland Count 0 1 0 0 0 1 

Expected 
Count .2 .2 .3 .2 .2 1.0 

Adjusted 
Residual -0.49 2.45 -0.77 -0.49 -0.49   

Plainview Count 0 0 1 0 0 1 

Expected 
Count .2 .2 .3 .2 .2 1.0 

Adjusted 
Residual -0.49 -0.49 1.55 -0.49 -0.49   

Pseudo-
fluted 

Count 1 0 0 0 1 2 

Expected 
Count .3 .3 .7 .3 .3 2.0 

Adjusted 
Residual 1.55 -0.77 -1.22 -0.77 1.55   

Total Count 1 1 2 1 1 6 

Expected 
Count 1.0 1.0 2.0 1.0 1.0 6.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

13.500
a
 12 .334 

Likelihood 
Ratio 13.183 12 .356 

N of Valid 
Cases 6     
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Table 60: Chi-square test comparing point types and material types for Mud Springs. 

Style * Material Crosstabulation 

  

Material 

Alibates 

Flattop 
Chalcedony 

Green 
River 
Chert 

Indet 
A 

Indet 
B 

Indet 
C 

Jack 
Marrow 
Chert Jasper 

Style Folsom Count 3 2 1 1 2 4 1 0 

Expected 
Count 2.7 1.8 .9 .9 1.8 3.7 .9 .9 

Adjusted 
Residual 0.57 0.46 0.32 0.32 0.46 0.68 0.32 -3.31 

Midland Count 0 0 0 0 0 0 0 0 

Expected 
Count .1 .1 .0 .0 .1 .2 .0 .0 

Adjusted 
Residual -0.40 -0.32 -0.22 -0.22 -0.32 -0.47 -0.22 -0.22 

Unifacial 
Fluted 

Count 0 0 0 0 0 0 0 1 

Expected 
Count .1 .1 .0 .0 .1 .2 .0 .0 

Adjusted 
Residual -0.40 -0.32 -0.22 -0.22 -0.32 -0.47 -0.22 4.80 

Total Count 3 2 1 1 2 4 1 1 

Expected 
Count 3.0 2.0 1.0 1.0 2.0 4.0 1.0 1.0 

Style * Material Crosstabulation (continued) 

  

  

Total 
Morrison 
Quartzite 

Oil 
Shale 

Oolitic 
Chert A 

Oolitic 
Chert B Quartzite 

Silicified 
Wood 

Style Folsom Count 1 1 2 1 1 1 21 

Expected 
Count .9 .9 1.8 .9 .9 1.8 21.0 

Adjusted 
Residual 0.32 0.32 0.46 0.32 0.32 -2.17   

Midland Count 0 0 0 0 0 1 1 

Expected 
Count .0 .0 .1 .0 .0 .1 1.0 

Adjusted 
Residual -0.22 -0.22 -0.32 -0.22 -0.22 3.31   

Unifacial 
Fluted 

Count 0 0 0 0 0 0 1 

Expected 
Count .0 .0 .1 .0 .0 .1 1.0 

Adjusted 
Residual -0.22 -0.22 -0.32 -0.22 -0.22 -0.32   

Total Count 1 1 2 1 1 2 23 

Expected 
Count 1.0 1.0 2.0 1.0 1.0 2.0 23.0 
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Table 60 continued. 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

33.952
a
 26 .136 

Likelihood 
Ratio 13.590 26 .978 

N of Valid 
Cases 23     
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 As previously mentioned, the assemblages from each of these sites suffer from small 

sample sizes, particularly due to subdividing the points and preforms by type and raw material.  

This rather substantial problem may inhibit the usefulness of these Chi-square results.  With this 

caveat in mind, the results appear to indicate that most of these assemblages do not support 

Hofman’s model that Folsom-age knappers made non-Folsom points as their raw material 

supplies grew low.  However, the data should also be examined on a more comprehensive level 

to determine whether this trend holds true overall.  One way to perform a comprehensive 

analysis is to compare the instances in which a point type has a significant adjusted residual 

score with the number of times it appears in all the Chi-square crosstabulations.  This 

comparison does not count individual points, but instead counts unique instances of point 

type/raw material combinations for each site.  A new Chi-square test can then be run, with point 

types on the rows and the counts significant and non-significant adjusted residuals on the 

columns.  Additionally, all miniature point types are combined into one group to increase their 

sample size.  Table 61 gives the results of this analysis.  The results are highly significant and 

indicate that Folsom points have an unexpectedly low count of significant residuals from the 

previous analyses, while unifacially fluted and miniature points have an unexpectedly high 

count.  These results correspond to Hofman’s model to some extent but not perfectly.  Midland 

points and pseudo-fluted points have close to the expected number of significant residual scores, 

placing them in the middle of a scale with Folsom points on one end and unifacially fluted and 

miniature points on the other.  An interpretation of these results from the perspective of 

Hofman’s approach would indicate that Folsom points are made when raw material is most 

abundant, followed by Midland and pseudo-fluted points as the material decreases, and finally 

knappers resort to unifacially fluted and miniature points when supplies decrease further.  
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However, the inclusion of pseudo-fluted points in the middle of the scale and unifacially fluted 

points on the end makes no sense from a technological perspective.  Pseudo-fluted points are 

generally far simpler and less risky to make and likely consume less material than unifacially 

fluted points.  In this respect, the results do not support Hofman’s approach very strongly. 
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Table 61: Chi-square test comparing point types to occurrences of significant adjusted residual 

scores from the previous analyses. 

Type * Significance Crosstabulation 

  

Significance 

Total No Yes 

Type Folsom Count 92 2 94 

Expected 
Count 81.3 12.7 94.0 

Adjusted 
Residual 4.7 -4.7   

Midland Count 27 6 33 

Expected 
Count 28.6 4.4 33.0 

Adjusted 
Residual -.9 .9   

Mini Count 9 8 17 

Expected 
Count 14.7 2.3 17.0 

Adjusted 
Residual -4.3 4.3   

Pseudo Count 16 3 19 

Expected 
Count 16.4 2.6 19.0 

Adjusted 
Residual -.3 .3   

Unifacial Count 10 5 15 

Expected 
Count 13.0 2.0 15.0 

Adjusted 
Residual -2.4 2.4   

Total Count 154 24 178 

Expected 
Count 154.0 24.0 178.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

32.598
a
 4 .000 

Likelihood 
Ratio 30.958 4 .000 

N of Valid 
Cases 178     
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 The final raw material analysis encompasses nearly the entire sample of points and 

preforms and completely eliminates the problem of small sample sizes.  In order for this analysis 

to be performed across sites, the raw material types from each site are homogenized into 

“Dominant” and “Non-dominant” categories.  The occurrences of the most abundant raw 

materials for each site are counted until those materials account for at least 50% of the points and 

preforms from that site.  Those raw materials are then renamed “Dominant.”  All the other raw 

materials from that site are termed “Non-dominant.”  Only two sites are eliminated from this 

analysis: Plainview, due to its lack of Folsom artifacts; and Two Moon, because it only contains 

two Folsom points made from different materials, making it impossible to determine which is 

dominant.  On the other hand, the large personal collections of Tom Westfall and Jim Cox are 

included in this analysis, despite the fact that they are not from discrete sites, because dominant 

raw materials are readily discernible in both collections.  Most point types from this sample are 

included in the analysis, but a few are eliminated due to small sample sizes.  The removed types 

are Cody and Milnesand, while the Goshen points from Hell Gap are lumped in with Plainview.  

If this analysis supports Hofman’s approach, then Folsom points should be preferentially made 

from dominant materials, while Midland, unifacially fluted, pseudo-fluted, and miniature points 

would more likely be made from the non-dominant materials, since those materials should 

represent the supplies that were running low. 

 The results of the Chi-square test comparing point types with dominant and non-

dominant raw materials are highly significant (Table 62).  However, the direction of the 

significance is almost the opposite of the expectations based on Hofman’s model.  Folsom points 

are made on non-dominant materials more often than expected, while Midland points are made 

on dominant materials more often than expected.  The final point type with a significant adjusted 
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residual score is indeterminate unfluted, which is made from non-dominant materials more often 

than expected.  Unifacially fluted, pseudo-fluted, and miniature points do not deviate 

significantly from their expected proportions of material types.  These results do not support 

Hofman’s approach as stipulated in the analysis procedure, but the presence of other significant 

results may indicate that the underlying assumption of direct raw material procurement is 

incorrect. 
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Table 62: Chi-square test comparing point types to dominant and non-dominant material types 

for all applicable assemblages. 

Style * Material Crosstabulation 

  

Material 

Total Dominant 
Non-

dominant 

Style Folsom Count 374 186 560 

Expected 
Count 392.8 167.2 560.0 

Adjusted 
Residual -2.70 2.70   

Indet Count 9 13 22 

Expected 
Count 15.4 6.6 22.0 

Adjusted 
Residual -3.03 3.03   

Midland Count 182 38 220 

Expected 
Count 154.3 65.7 220.0 

Adjusted 
Residual 4.65 -4.65   

Miniature Count 24 8 32 

Expected 
Count 22.4 9.6 32.0 

Adjusted 
Residual 0.61 -0.61   

Plainview Count 21 12 33 

Expected 
Count 23.1 9.9 33.0 

Adjusted 
Residual -0.83 0.83   

Pseudo-
fluted 

Count 29 14 43 

Expected 
Count 30.2 12.8 43.0 

Adjusted 
Residual -0.40 0.40   

Unifacially 
Fluted 

Count 33 15 48 

Expected 
Count 33.7 14.3 48.0 

Adjusted 
Residual -0.22 0.22   

Total Count 672 286 958 

Expected 
Count 672.0 286.0 958.0 
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Table 62 continued. 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

29.851
a
 6 .000 

Likelihood 
Ratio 30.675 6 .000 

N of Valid 
Cases 958     
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Ultrathin Bifaces 

 These finely made bifaces are not present in large numbers in most Folsom sites, but their 

raw materials can be analyzed as an aggregate using the same “dominant” and “non-dominant” 

categories as the preceding analysis.  For the sake of consistency, the raw materials of the 

ultrathin bifaces are determined to be dominant or non-dominant based on the projectile point 

and preform data.  Because of this decision, some sites and collections have more ultrathin 

bifaces made from non-dominant materials than from dominant materials.  Those assemblages 

are Lindenmeier, Krmpotich, Mud Springs, and the Cox collection.  However, the three sites in 

this list have a very small sample of ultrathin bifaces.  Krmpotich and Mud Springs only have 

one biface each in this sample, and Lindenmeier only has five due to the fact that none of the 

bifaces in the Smithsonian collection were examined.  Finally, the Cox collection of ultrathins 

does not come from a specific archaeological site and may be unrelated to the projectile point 

collection.  As such, it appears likely that ultrathin bifaces are generally made from the most 

abundant materials present at any particular site, or at least they are made from the same 

materials as the majority of the projectile points at a site. 

 However, not all of the bifaces assigned to the ultrathin biface category are 

technologically the same.  In the technological analysis chapter, some of these artifacts are 

termed “thick bifaces” or “flake bifaces.”  These bifaces appear to have served the same purpose 

as ultrathins, but it is possible that they are morphologically different due to being made from 

different raw materials.  Table 63 gives the results of the Chi-square test comparing different 

bifacial knife forms to material type (dominant vs. non-dominant).  The results show that 

finished ultrathin bifaces and flake bifaces match the expected proportions of dominant and non-

dominant materials, while ultrathin preforms and thick bifaces deviate from their expected 
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proportions.  Ultrathin preforms fall just shy of having a significant adjusted residual score, but 

their results are worth discussing.  The preforms are more commonly made from dominant 

materials than expected, suggesting that ultrathin bifaces are indeed likely made from the most 

prevalent materials available, at least in terms of projectile point raw materials.  On the other 

hand, thick bifaces are made from less commonly used materials, and these materials often 

appear to be coarser varieties such as quartzite.  Flake bifaces are the least common form, but it 

appears that raw material type does not play a significant role in determining their morphology.  

Instead, they may simply be a more expedient form of ultrathin biface. 
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Table 63: Chi-square test comparing ultrathin biface forms to dominant and non-dominant 

material types for all applicable assemblages. 

Style * Material Crosstabulation 

  

Material 

Total Dominant 
Non-

dominant 

Style Flake 
Biface 

Count 2 1 3 

Expected 
Count 2.1 .9 3.0 

Adjusted 
Residual -0.11 0.11   

Thick 
Biface 

Count 1 6 7 

Expected 
Count 4.9 2.1 7.0 

Adjusted 
Residual -3.30 3.30   

Ultrathin Count 44 18 62 

Expected 
Count 43.0 19.0 62.0 

Adjusted 
Residual 0.51 -0.51   

Ultrathin 
Preform 

Count 12 1 13 

Expected 
Count 9.0 4.0 13.0 

Adjusted 
Residual 1.95 -1.95   

Total Count 59 26 85 

Expected 
Count 59.0 26.0 85.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

13.310
a
 3 .004 

Likelihood 
Ratio 13.366 3 .004 

N of Valid 
Cases 85     
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Discussion 

 The preceding raw material analysis for the sampled Folsom point assemblages does 

bring up some intriguing questions.  Since there is little support for Hofman’s approach when 

looking at the sample as a whole, the first question must be whether his approach accurately 

describes Folsom behavior in certain regions.  There are five sites that may provide tentative 

support for Hofman’s model and ten sites that do not (provided one accepts the results of the 

site-by-site Chi-square tests).  The five sites that support the model are included based on having 

significant adjusted residual scores for non-dominant raw materials for Midland, unifacially 

fluted, pseudo-fluted, and/or miniature points.  These sites are Shifting Sands, Scharbauer, Cedar 

Creek, Sulphur River, and Mud Springs.  Lindenmeier may also be considered based on these 

criteria, but it was excluded because numerous non-dominant raw materials are also represented 

solely by Folsom points.  Perhaps the most important observation to note on these sites is that 

four of them come from the southern Plains, and three of those sites are located in Texas.  

However, none of the five sites listed above provide particularly strong support for Hofman’s 

model.  Shifting Sands has some significant scores, but it also has a greater than expected count 

of Midland points made on Edwards chert, the site’s dominant material.  Scharbauer’s and 

Sulphur River’s significances are based on one point each.  Mud Springs has a significant 

Midland and a unifacially fluted point, but it has a wide variety of raw materials, most of which 

are only represented by one artifact each.  Finally, Cedar Creek actually yields some promising 

results in favor of Hofman’s hypothesis, but the overall Chi-square test for the site is not 

significant.  Perhaps the fact that significant residuals appear primarily in southern Plains sites is 

simply the result of more unfluted Folsom-age points being present at these sites than elsewhere.  
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The implications of this regional difference were touched upon in the Gault chapter and will be 

further explored in the next chapter. 

 The second question raised is whether a factor other than stone tool technology is 

contributing to the results observed in the analysis of dominant vs. non-dominant material types.  

One possibility worth considering is that some of the non-dominant raw materials may have been 

obtained indirectly via trade or small task groups.  Hofman’s (1992:197) approach assumes that 

Folsom groups obtained their lithic materials directly as part of their regular movements.  

However, other researchers have considered other options.  Speth et al. (2013) explore the 

possibility of trade and small group procurement of raw materials from an ethnographic 

perspective.  For example, select groups of male Australian Aborigines have been recorded 

traveling on a 300 mile trip to obtain red ochre, and each individual would carry about 70 pounds 

of it back to the base camp (Speth et al. 2013:115).  If recent Aborigines were willing to make 

such an arduous trip for a material that is unrelated to subsistence, then it is not difficult to 

imagine Folsom-age Paleoindians making similar trips for exotic lithic supplies.  In this case, the 

red ochre is valuable for its use in ceremonies and for its potential to be traded for a variety of 

goods.  However, red ochre is not the only material that Aborigines sent special task groups to 

procure.  According to Speth et al. (2013:116), special groups were sent to obtain any material 

that was considered to hold significant spiritual or symbolic properties, including: 

…obsidian, turquoise, mica, copper, silver, galena, freshwater pearls, quartz crystals, 

greenstone for making stone axes, salt, marine shells, feathers, shark’s teeth and other 

fossils, furs, hair (both human and animal), red ocher, herbal medicines, catlinite, special 

construction timbers and wood for making bows and arrows, and many other materials 

and substances… 

 

 As mentioned previously, Bamforth (2009) has also explored the possibility of toolstone 

procurement by trade or task groups, specifically within the context of Paleoindian projectile 
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points, which often appear to be made from more distantly obtained materials than any other 

tools found at a site.  When addressing the issue of trade, Meltzer (2003:553) states that lithic 

raw materials are unlikely to be traded in an unmodified form; instead, finished points and 

perhaps bifacial cores would be exchanged between groups.  This inference leads to a possible 

explanation for the raw material variability observed among Folsom points in this study.  If 

Folsom points are more commonly made from non-dominant raw materials than the other point 

types, it may be because Folsom points were exchanged more often than the other types.  In that 

case, assuming that Meltzer is correct in that finished points are more likely to be exchanged 

than unfinished tools, then more finished Folsom points should be made of non-dominant 

materials than preforms.  Table 64 gives the results of a Chi-square test indicating that this 

inference is likely correct for this research sample.  Finished Folsom points are made from non-

dominant materials more often than expected, fluted preforms (late stage) match the expected 

counts, and unfluted preforms (early stage) are made from dominant materials more often than 

expected.  Although these results indicate the possibility of trade occurring during the Folsom 

period, this explanation is not the only way to interpret the data.  It may be possible that finished 

Folsom points are more curated than the other point types, and so discarded Folsom points made 

from non-dominant materials represent points that were retained for a long time.  However, an 

examination of maximum lengths for complete Folsom and Midland points in the Technological 

Analysis chapter reveals no significant difference between the two point types, suggesting that 

they underwent similar use-lives prior to discard.  Instead, the existence of a trend from 

dominant materials in early stage preforms to non-dominant materials in finished points most 

likely suggests that Folsom preforms were kept in an unfinished state for a while before being 

finished and employed as weapons.  This scenario indicates that staged approaches to Folsom 
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point production as suggested by Frison and Bradley (1980) may be more than just modern 

analytical categories and could be accurate representations of past human behavior. 

 Another explanation is that the aggregate data used in Table 64 are biased by the 

presence of Folsom points from specific sites or collections, where points made from various 

materials are often present to the exclusion of most other artifacts.  A site-by-site examination  of 

dominant and non-dominant raw materials for Folsom points and preforms (see “Dominant 

Materials.xls” in the attached files) shows that there are 15 sites or collections with both Folsom 

points and preforms that are made from dominant and non-dominant materials (although two of 

those sites, Scharbauer and Sulphur River, only have a single preform each).  Of these, only Rio 

Rancho, the Westfall site, and Big Black have significant Chi-square tests with greater than 

expected counts of non-dominant Folsom points.  Lindenmeier also deserves mention because it 

does not have a significant Chi-square, but the adjusted residuals for non-dominant Folsom 

points are high.  Therefore, only a small number of individual sites have Folsom points that are 

made on non-dominant materials more often than expected when compared to preforms.  That 

being the case, it appears that a small number of sites may be inflating the total count of Folsom 

points made from non-dominant materials and making the population-level results appear 

significant. 
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Table 64: Chi-square test comparing Folsom points and preforms to dominant and non-dominant 

material types for all applicable assemblages. 

MorphType * Material Crosstabulation 

  

Material 

Total Dominant 
Non-

dominant 

MorphType Fluted 
Point 

Count 193 122 315 

Expected 
Count 210.4 104.6 315.0 

Adjusted 
Residual -3.14 3.14   

Fluted 
Preform 

Count 136 58 194 

Expected 
Count 129.6 64.4 194.0 

Adjusted 
Residual 1.21 -1.21   

Unfluted 
Preform 

Count 45 6 51 

Expected 
Count 34.1 16.9 51.0 

Adjusted 
Residual 3.41 -3.41   

Total Count 374 186 560 

Expected 
Count 374.0 186.0 560.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Pearson 
Chi-
Square 

15.861
a
 2 .000 

Likelihood 
Ratio 17.806 2 .000 

N of Valid 
Cases 560     
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 One final test remains to determine whether the trade of finished artifacts contributes to 

the prevalence of Folsom points made from non-dominant materials.  The chapter on skill 

analysis mentions the presence of very finely made projectile points in many assemblages, 

informally termed “extra fine” points in this research.  If Meltzer’s hypothesis is correct that 

finished points were more likely to be traded than lithic materials in a rougher form, then “extra 

fine” projectile points would likely have been highly prized.  It would make sense then that these 

high quality points would be traded more often than the more ordinary forms.  However, a Chi-

square test examining dominant and non-dominant materials among “extra fine” and normal 

points shows no significant differences (Table 65).  Extra fine points are no more or less likely to 

be made from other materials than regular points, suggesting that the high quality points were 

obtained in the same manner as the rest of the points. 
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Table 65: Chi-square test comparing “extra fine” and normal quality points to dominant and non-

dominant material types for all applicable assemblages. 

Quality * Material Crosstabulation 

  

Material 

Total Dominant 
Non-

dominant 

Quality "Extra 
Fine" 

Count 37 19 56 

Expected 
Count 38.0 18.0 56.0 

Adjusted 
Residual -0.29 0.29   

Normal Count 420 198 618 

Expected 
Count 419.0 199.0 618.0 

Adjusted 
Residual 0.29 -0.29   

Total Count 457 217 674 

Expected 
Count 457.0 217.0 674.0 

Chi-Square Tests 

  Value df 

Asymp. 
Sig. (2-
sided) 

Exact 
Sig. (2-
sided) 

Exact 
Sig. (1-
sided) 

Pearson 
Chi-
Square 

.084
a
 1 .772     

Continuity 
Correction

b
 .020 1 .888     

Likelihood 
Ratio .083 1 .773     

Fisher's 
Exact Test       .767 .438 

N of Valid 
Cases 674         
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Directionality and Distance of Dominant Raw Materials 

 As mentioned before, many of the raw materials differentiated in this study are not 

properly identified by regional names, and their source locations are unknown.  However, the 

materials labeled as “dominant” are the most abundant and most easily recognizable in their 

respective assemblages, and many of these materials can be traced to a particular source.  

Therefore, these dominant materials may be used to determine the most recent travel directions 

and distances that Folsom groups underwent prior to occupation of their respective sites.  In sites 

where lithic procurement took place, this analysis does not reveal any information on movement 

because the dominant materials are immediately available at or near the site itself.  This 

consideration includes Barger Gulch in Wyoming and the Knife River Flint Quarry sites of 

Bobtail Wolf and Big Black, along with Edwards Plateau sites such as Gault, Pavo Real, 

Kincaid, Wilson-Leonard, and Bonfire.  Edwards chert outcrops across the widest geographic 

range of any lithic material source in North America (Hofman et al. 1991:297), is notoriously 

variable in appearance, and differentiation among local sources has only recently become 

possible using high resolution elemental analyses (Speer 2011).  As such, an analysis directed 

towards understanding the mobility patterns of Folsom-age groups utilizing Edwards chert 

within the Edwards Plateau was not conducted, although its occurrence beyond this area was 

examined.  An examination of sites was conducted to see if the sourcing of the dominant 

materials reveals useful insights on Folsom-age mobility.  The distances included in this study 

assume that Folsom-age people obtained their dominant raw materials from the primary source 

of the stone, rather than from secondary sources such as stream cobbles. 

 Shifting Sands, Scharbauer, Wyche Ranch, and Lubbock Lake are all west Texas 

Folsom-Midland sites largely dominated by Edwards chert.  The TARL collection of points from 
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the Folsom assemblage from Blackwater Draw, New Mexico is also largely made up of Edwards 

chert and can be considered as part of this grouping as well.  In the case of Shifting Sands, the 

closest identified source of Edwards chert is 150 km to the east, near Sterling City, Texas 

(Hofman 1992:211).  Scharbauer is located 80 km to the east of Shifting Sands, making it about 

70 km distant from the same Edwards chert source (Hofman et al. 1990:221).  Similarly, Wyche 

Ranch is roughly 20 km east of Shifting Sands, placing it about 130 km east of the Sterling City 

chert source (Holliday 1997:4).  For Lubbock Lake, the distance to the same Edwards chert 

source is just over 200 km to the south-southeast.  Finally, the distance from Blackwater Draw to 

the Edwards chert source at Sterling City is about 330 km to the southeast.  For the sampled sites 

in which Edwards chert dominates that are located away from the Edwards Plateau, the direction 

of movement is primarily to the west and north, although no Folsom-age sites have been sampled 

to the south and east of the plateau, making this sample biased.  The fact that Edwards chert 

dominates sites over 300 km away is a testament to its value to hunter-gatherers during the 

Folsom period, and the extensive presence of Edwards chert in the Folsom artifacts from the 

Martin site in New Mexico (Reitze et al. 2012) indicates that the material was even transported 

in bulk as far as 550 km northwest from the Sterling City outcrop. 

 Rio Rancho is located only about 50 km west of the Martin site, but it completely lacks 

Edwards chert.  Instead, the most prevalent raw material at the site is termed “yellow and brown” 

chert, but its source location is currently unknown (Huckell and Kilby 2002:22).  The other most 

common raw materials for the points and preforms sampled are obsidian and silicified wood.  

The obsidian is known to occur in the Jemez Mountains 50 to 70 km to the north, but the 

silicified wood source is also unknown (Huckell and Kilby 2002:21).  Based on the obsidian and 

less prevalent materials such as Pedernal, Chuska, Zuni Spotted, and San Andres cherts, the 
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surrounding Jemez, Chuska, and Zuni mountain ranges are the likely procurement locations for 

many of the raw materials at Rio Rancho.  These mountain ranges are located to the north (50-70 

km), west (220 km), and southwest (115 km), respectively, suggesting that the Folsom-age 

groups living in this area travelled in a curvilinear pattern between these ranges.  However, the 

uneven distribution of raw materials at the different Folsom loci in Rio Rancho complicates any 

interpretation and brings up the possibility that either multiple groups or multiple occupations 

converged at the site (Huckell and Kilby 2002:27-28). 

 The Folsom points and preforms from Lindenmeier are made from a wide variety of 

materials, but only three of them stand out as dominant.  The first, Flattop chalcedony, is derived 

from a source due east, near Sterling, Colorado (Hofman 1990:20).  The nearest town to 

Lindenmeier is Wellington, Colorado, and the distance between Wellington and Sterling is about 

150 km.  However, this distance should be considered a maximum distance, as Wilmsen and 

Roberts (1978:114) note that the chalcedony from Lindenmeier closely resembles lithic materials 

from four outcrops about 7.8 km to the west.  In this respect, Flattop chalcedony could possibly 

be considered a local material.  One of the other dominant materials is an unnamed chalcedony, 

termed “Chalcedony A” in this analysis.  In natural light, Chalcedony A appears white or gray in 

color, in contrast to the pink color of Flattop chalcedony, but it is possible that both materials are 

actually Flattop chalcedony, considering that they fluoresce similarly under UV light.  The final 

dominant raw material from Lindenmeier is Hartville Uplift chert.  The Hartville Uplift lies in 

eastern Wyoming, about due north of Lindenmeier.  Using Wellington, Colorado again as a 

proxy for Lindenmeier and Hartville, Wyoming as a proxy for the Hartville Uplift, the distance 

between the two locations is about 170 km. 
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 For the sample that was analyzed from the Folsom site, the dominant material is Alibates.  

Alibates is present in proportionately smaller amounts in other assemblages in this research, such 

as Blackwater Draw, Plainview, the Baker collection, Lindenmeier, and Cedar Creek, but it is 

rarely the dominant material.  The Alibates source is located in a fairly small outcrop north of 

Amarillo, Texas, along the Canadian River.  The Folsom site is located 265 m to the northwest of 

the Alibates quarry (Meltzer 2006:261). 

 The Westfall collection consists of artifacts collected primarily from secondary stream 

contexts in northeastern Colorado and southwestern Nebraska.  Like Lindenmeier, the dominant 

materials are Flattop chalcedony and Hartville Uplift chert.  Because the source of Flattop 

chalcedony is located near the town of Sterling in northeastern Colorado, it can be considered a 

local material for many of the artifacts included in this assemblage.  However, some of the more 

distant counties in the Westfall collection may be up to 100 km northeast of the Flattop source.  

The Hartville Uplift is located in east-southeast Wyoming.  Using the towns of Hartville, 

Wyoming and Sterling, Colorado as proxies, the source of Hartville Uplift chert is located 

approximately 230 km northwest of the Westfall collection.  However, it is necessary to point 

out that the North Platte River runs along the south end of the Hartville Uplift and may have 

transported chert cobbles into southwestern Nebraska, where some of the Westfall collection 

originates. 

 The Westfall site, on the other hand, is dominated by Black Forest silicified wood.  Since 

the site is located near the headwaters of Bijou Creek in Elbert County, Colorado, the nearby 

town of Elbert is used as a proxy in this analysis.  According to Jodry (1999:88), Black Forest 

silicified wood outcrops between Colorado Springs and Denver, with one variety of the material 
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appearing near Elbert itself.  As such, the Westfall site appears to be composed mainly of local 

raw materials. 

 The Krmpotich site lies in southwestern Wyoming, about 45 km north of the city of Rock 

Springs (Peterson 2001:14).  The two dominant materials in the research sample are called Green 

River chert and oolitic chert in this analysis, and they refer to Green River Formation Upper 

Laney Member chert (type 1-4) and ostracod chert (type 6), respectively, according to Peterson’s 

MA thesis on the site (2001:46-49).  Both of these materials could be considered local, as the 

Green River chert can be found 20 km to the northeast, and oolitic chert outcrops are only 5 km 

to the southeast of the site.  Peterson (2001:46) states that all but two of the raw materials 

identified at Krmpotich are found within 75 km of the site, indicating that the Folsom-age 

inhabitants of the site did not need to travel far to acquire toolstone. 

 The Hanson site, in Big Horn County of northern Wyoming, is generally considered a 

lithic procurement site (Frison and Bradley 1980).  However, because its dominant raw materials 

include two different cherts, some elaboration may be necessary.  Morrison chert outcrops within 

the Hanson site and is the apparent local material.  Phosphoria, the other dominant material, 

occurs on the western slopes of the Big Horn Mountains and is also close to the Hanson site, 

although the distance has not been calculated. 

 For Agate Basin, the most dominant identifiable material of the Folsom component was 

initially identified as Green River chert, but subsequent experience indicates that the material is 

actually Knife River flint (Frison 1982c:176).  This material occurs a substantial distance away 

from Agate Basin, especially when considering its abundance among the Folsom points and 

preforms.  Using Edgemont, South Dakota as the town nearest to Agate Basin and Dunn Center 

as the town nearest to the Knife River flint quarries, the distance from the Knife River quarries to 
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the Agate Basin site is over 470 km to the south-southwest.  It should be noted, however, that a 

material that appears similar to Knife River flint may occur within the Hartville Uplift and as 

such may not represent long distance movement, according to Sellet’s (1999:24) communication 

with Jim Miller regarding Knife River flint in the assemblage from Hell Gap. 

 The dominant raw materials for the Folsom, Goshen, and Midland components at Hell 

Gap are somewhat difficult to properly identify due to variations in UV light reactions.  One of 

the dominant materials has been assigned the name “Hartville B” because it has the visual 

appearance of Hartville Uplift chert but reacts differently under UV light.  Generally, Hartville 

Uplift chert has no noticeable UV reaction, but Hartville B turns orange in longwave and green 

in shortwave light.  The other dominant material is given the name “Phosphoria A” for similar 

reasons.  Phosphoria and red jasper have proven difficult to distinguish in the eyes of a 

researcher who is inexperienced in High Plains raw material types, resulting in tentative 

identifications that may be subject to change.  In the present research, the dominant material 

types for Hell Gap are considered to be derived from the sources for Hartville Uplift and 

Phosphoria cherts.  Due to the location of Hell Gap within the source area for Hartville Uplift 

chert, Hartville B is likely a local material.  Using the town of Ten Sleep just west of the Big 

Horn mountains as a source location for Phosphoria A and Hartville as the proxy for Hell Gap, it 

appears that Phosphoria A was transported about 260 km to the southeast to arrive at the Hell 

Gap site. 

 Cedar Creek is located in a chert-poor area of Oklahoma, so all of the material at the site 

was obtained from sources that are significant distances away.  The dominant material is 

Edwards chert, and good quality outcrops of this material occur at least 300 km to the south.  The 
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most prevalent non-dominant material is Alibates, which appears over 250 km to the northwest, 

according to Hofman (1990:20). 

 Figure 20 traces the movements of dominant raw materials for most of the sites and 

collections in the research sample.  Because only the dominant raw materials are accounted for in 

this map, it most likely represents the most recent retooling events for each of these sites.  Still, it 

is worth noting Hofman’s (1992:208) caveat that there may not necessarily be a straight line 

from a retooling event to the site of discard, although specifically examining the last retooling 

events eliminates as many detours as possible.  Figure 20 documents an overall trend for Folsom 

period material movements, in which raw materials from the northernmost and southernmost 

Folsom localities tend to move the farthest, and those movements tend to travel into the center of 

Folsom’s geographic range.  Meanwhile, the sites closer to the center of the Folsom geographic 

range (particularly in Colorado) tend to have artifacts made primarily from local materials or 

from materials that are sourced fairly close by.  These raw materials do not travel in any large 

amounts away from the center, however.  These combined trends give an impression of Folsom 

toolstone movements as contracting inward towards the center of the geographic range.  Of 

course, it is important to remember that this analysis only traces the dominant raw materials 

involved in projectile point production and may not represent the raw materials used for other 

tools (see Bamforth 2009). 
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Figure 20: Map portraying the approximate locations of 21 Folsom sites sampled in this research.  

Arrows indicate the movement of dominant raw material types. 
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Conclusions 

 The analyses performed in this chapter generally do not support Hofman’s model of 

Folsom-era projectile point raw material movement, but these results are likely due to a problem 

with the underlying assumptions of the model.  Hofman’s (1992:199-208) model assumes that 

raw material is transported in the form of large bifacial cores or flake blanks, but it appears that 

individual Folsom preforms were often transported long distances before being finished into 

points.  On the other hand, the other point forms were more likely made in one sitting.  This 

interpretation may be significant to the study of Folsom point technology because it indicates 

that a “staged” approach to the analysis of Folsom points and preforms may have some 

prehistoric validity.  Further study will be necessary to determine whether modern staged 

reduction systems approximate possible prehistoric systems.  Because the other point types are 

not as commonly made from non-dominant raw materials, it is reasonable to infer that they were 

typically manufactured in one sitting.  As a cautionary note, however, the aggregate data used to 

reveal this trend may be biased by a small portion of the sampled sites, so additional data from 

more Folsom-age residential campsites may be necessary to verify the phenomenon.
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CHAPTER 7: REGIONAL ANALYSES 

 

 The previous three chapters address issues largely related to Folsom-age stone tool 

technology as a whole entity, without addressing trends that may vary between regions.  This 

chapter explores possible regional trends in order to address some lingering questions.  First, the 

discussion section in the Gault chapter mentions that there may be a link between chronology, 

latitude, and the relative abundance of Midland points at Folsom sites.  The first portion of this 

chapter tests this idea quantitatively, first by comparing proportions of point types to the 

longitude and latitude of site locations, then by comparing point type proportions to the available 

radiocarbon dates of relevant sites, and finally by checking the results of Collard et al. (2010) by 

comparing longitude and latitude of Folsom sites to the available radiocarbon dates.  The next 

portion of this chapter explores a question first presented in the technological analysis chapter: if 

Midland points were hafted differently from Folsom as suggested by some of their 

measurements, is it likely that they were used for hunting game other than bison?  This section 

relies on analyzing sites in which faunal remains are preserved to compare proportions of Folsom 

and non-Folsom points to proportions of bison and non-bison game.  Finally, the last portion of 

this analysis explores occurrences of certain sub-types of artifacts to determine whether any 

regional trends are apparent.  Of particular interest in this section are regional distributions of 

“extra fine” points and pristine but discarded Folsom preforms. 

 

Latitude/Longitude Analysis of Folsom-age Point Types 

 Archaeologists have often casually observed that Midland points are more common in the 

southern Plains than in any other region in which Folsom points occur (Amick 1995), but the 
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extent of this geographic trend has not been quantified.  Moreover, researchers have not explored 

whether a similar trend holds true for unifacially fluted, pseudo-fluted, or miniature points.  For 

this analysis, points are given latitude and longitude coordinates based on the county in which 

they were found.  Because the extent of the Folsom range covers the entire central portion of the 

continental U.S., using county-level data should provide sufficient resolution while allowing for 

the inclusion of as many points as possible.  Points from every archaeological site and almost 

every personal collection retain a record of their county of origin, with the exception of the 

Baker collection and a few miscellaneous points, allowing for a significant sample size.  The 

analysis uses independent samples t-tests to determine whether significant differences in mean 

latitude and longitude are present for the different point types. 

 Comparing the latitudes and longitudes of Folsom and Midland points gives both 

expected and unexpected results (Table 66).  Levene’s test gives p-values lower than 0.05, 

indicating that the variances between Folsom and Midland points are unequal.  This result is 

expected based on the inference that Folsom points occur commonly across a wider area than 

Midland points.  The significant difference in latitude is also expected, as the dearth of Midland 

points in the northern Plains has been noted before.  In this study, the difference in latitude is 

highly significant, with Folsom points having a mean latitude that is between 3.3 and 4.8 degrees 

higher than Midland points at 95% confidence.  The more unexpected result is that the difference 

in longitude between Folsom and Midland points also gives a highly significant p-value, with 

Folsom points having an average longitude that is between 1.2 and 2.2 degrees greater than 

Midland points.  Therefore, these results indicate that Midland points are relatively rare in 

Folsom sites that are in the northern or western portions of Folsom’s geographic extent.  Amick 

(1995:30) has noted that Midland points are not nearly as prevalent in the Basin and Range 
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region of New Mexico when compared to their strong presence in west Texas, and this 

distinction may contribute to the significant longitude difference.  However, this difference may 

also be a result of sampling bias, as the sites and collections sampled tend to fall on a slight 

northwest/southeast geographic axis.  Either way, it should be noted that even though the 

difference in longitude is statistically significant, the mean longitude difference is not nearly as 

strong as the difference in latitude. 

 Unifacially fluted points appear somewhat evenly spread across regions, but even still 

Table 67 indicates a statistically significant difference in average latitude between Folsom and 

unifacially fluted points.  Levene’s test for variances reveals no significant difference between 

the two point types, indicating that they indeed likely extend across similarly sized ranges.  The 

difference in mean latitude between the points has a significant p-value of 0.033, but the 95% 

confidence interval for this difference is between 0.13 and 3.08 degrees.  Therefore, the 

difference in latitude between Folsom and unifacially fluted points may not be very great despite 

the statistical significance.  There is no significant difference in longitude between the two point 

types. 

 The differences in mean latitude and longitude for Folsom and pseudo-fluted points is 

much the same as those between Folsom and unifacially fluted points (Table 68).  A statistically 

significant difference in latitude is present (p=0.018), but the 95% confidence interval ranges 

from 0.33 to 3.44 degrees, making the magnitude of that difference fairly small.  No significant 

difference in mean longitude exists between Folsom and pseudo-fluted points. 
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Table 66: Independent samples t-test comparing the latitudes and longitudes of Folsom and 

Midland points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Folsom 307 38.440 4.335 0.247 

Midland 191 34.343 4.000 0.289 

Longitude Folsom 307 103.872 3.070 0.175 

Midland 191 102.161 2.769 0.200 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. 
Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

6.409 .012 10.56 496 .000 4.097 0.388 3.335 4.859 

Equal 
variances 
not 
assumed 

    10.76 427.42 .000 4.097 0.381 3.349 4.846 

Longitude Equal 
variances 
assumed 

4.965 .026 6.274 496 .000 1.711 0.273 1.175 2.246 

Equal 
variances 
not 
assumed 

    6.427 434.11 .000 1.711 0.266 1.187 2.234 
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Table 67: Independent samples t-test comparing the latitudes and longitudes of Folsom and 

unifacially fluted points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Folsom 307 38.440 4.335 0.247 

Unifacia 37 36.833 4.063 0.668 

Longitude Folsom 307 103.872 3.070 0.175 

Unifacia 37 103.322 3.087 0.507 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

.017 .896 2.14 342 .033 1.607 0.749 0.133 3.081 

Equal 
variances 
not 
assumed 

    2.26 46.45 .029 1.607 0.712 0.174 3.040 

Longitude Equal 
variances 
assumed 

.656 .419 1.03 342 .305 0.549 0.535 -0.502 1.601 

Equal 
variances 
not 
assumed 

    1.02 45.02 .312 0.549 0.537 -0.532 1.630 
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Table 68: Independent samples t-test comparing the latitudes and longitudes of Folsom and 

pseudo-fluted points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Folsom 307 38.440 4.335 0.247 

Pseudo-f 33 36.552 4.152 0.723 

Longitude Folsom 307 103.872 3.070 0.175 

Pseudo-f 33 103.122 2.637 0.459 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

.168 .682 2.39 338 .018 1.888 0.791 0.332 3.444 

Equal 
variances 
not 
assumed 

    2.47 39.88 .018 1.888 0.764 0.344 3.432 

Longitude Equal 
variances 
assumed 

2.997 .084 1.35 338 .178 0.750 0.555 -0.343 1.842 

Equal 
variances 
not 
assumed 

    1.53 41.91 .135 0.750 0.491 -0.242 1.741 
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 For the analysis comparing the latitudes and longitudes of Folsom and miniature points, 

all the sub-types of miniature points are combined to increase their sample size.  The results 

indicate that a statistically significant difference exists for both mean latitude and longitude for 

the two point types (Table 69).  For latitude, the difference is highly significant with a p-value of 

0.000 and a 95% confidence interval between 2.91 and 6.08 degrees.  For longitude, the 

difference is still significant, but not as strongly as it is for latitude.  The p-value for longitude is 

0.021, and the interval is between 0.18 and 2.04 degrees, indicating that the difference in 

longitude between the point types is not very great.  Based on these results, the difference in 

mean coordinates between Folsom and miniature points is similar to the difference between 

Folsom and Midland points, with miniature points being prevalent in the southern or eastern 

portions of Folsom’s geographic range. 

 Comparing the mean longitude and latitude of Midland points to the remainder of the 

Folsom variants also reveals significant differences.  First, both the latitudes and longitudes of 

Midland and unifacially fluted points are statistically different (Table 70).  For latitude, the 

difference has a p-value of 0.001 and a 95% confidence interval of 1.07 to 3.91 degrees, with 

Midland point occurrences centered farther south than unifacially fluted points.  In terms of 

longitude, the difference has a p-value of 0.023 and a confidence interval between 0.16 and 2.16 

degrees, indicating that Midland points tend to occur slightly farther to the east than unifacially 

fluted points, although the difference may be negligible. 
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Table 69: Independent samples t-test comparing the latitudes and longitudes of Folsom and 

miniature points. 

Group Statistics 

Style N Mean 

Std. 
Deviatio

n 

Std. 
Error 
Mean 

Latitude Folsom 307 38.440 4.335 0.247 

Miniatur 32 33.943 4.351 0.769 

Longitude Folsom 307 103.872 3.070 0.175 

Miniatur 32 102.763 2.414 0.427 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

.023 .881 5.58 337 .000 4.497 0.805 2.912 6.081 

Equal 
variances 
not 
assumed 

    5.57 37.70 .000 4.497 0.808 2.861 6.133 

Longitude Equal 
variances 
assumed 

3.900 .049 1.98 337 .049 1.109 0.560 0.007 2.211 

Equal 
variances 
not 
assumed 

    2.40 42.22 .021 1.109 0.461 0.178 2.039 
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Table 70: Independent samples t-test comparing the latitudes and longitudes of Midland and 

unifacially fluted points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Midland 191 34.343 4.000 0.289 

Unifacia 37 36.833 4.063 0.668 

Longitude Midland 191 102.161 2.769 0.200 

Unifacia 37 103.322 3.087 0.507 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

1.376 .242 -3.46 226 .001 -2.490 0.720 -3.909 -1.071 

Equal 
variances 
not 
assumed 

    -3.42 50.45 .001 -2.490 0.728 -3.952 -1.028 

Longitude Equal 
variances 
assumed 

.112 .739 -2.29 226 .023 -1.161 0.507 -2.160 -0.163 

Equal 
variances 
not 
assumed 

    -2.13 47.88 .038 -1.161 0.546 -2.259 -0.064 
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 Comparing the latitude means for Midland and pseudo-fluted points yields similar results, 

but the difference in longitude is not significant at the 95% level (Table 71).  For latitude, the 

difference between Midland and pseudo-fluted points has a p-value of 0.004 and a confidence 

interval between 0.72 and 3.7 degrees, with the mean Midland point latitude occurring south of 

the mean for pseudo-fluted points.  The difference in mean longitude has a p-value of 0.065, 

slightly above the 0.05 cutoff for a 95% confidence interval. 

 Finally, a comparison of mean latitude and longitude between Midland and miniature 

points yields no significant differences (Table 72).  The p-value for latitude between the two is 

0.606, and it is 0.248 for longitude, indicating that there is no significant difference in the means 

of these two point types.  Not coincidentally, Midland and miniature points both have the most 

significant differences in mean coordinates from Folsom points, suggesting that the occurrences 

of Midland and miniature points are correlated on a regional scale. 
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Table 71: Independent samples t-test comparing the latitudes and longitudes of Midland and 

pseudo-fluted points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Midland 191 34.343 4.000 0.289 

Pseudo-f 33 36.552 4.152 0.723 

Longitude Midland 191 102.161 2.769 0.200 

Pseudo-f 33 103.122 2.637 0.459 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

2.611 .108 -2.91 222 .004 -2.209 0.758 -3.704 -0.715 

Equal 
variances 
not 
assumed 

    -2.84 42.90 .007 -2.209 0.778 -3.780 -0.639 

Longitude Equal 
variances 
assumed 

.359 .550 -1.85 222 .065 -0.961 0.519 -1.983 0.061 

Equal 
variances 
not 
assumed 

    -1.92 45.08 .061 -0.961 0.501 -1.970 0.048 
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Table 72: Independent samples t-test comparing the latitudes and longitudes of Midland and 

miniature points. 

Group Statistics 

Style N Mean 
Std. 
Dev. 

Std. 
Error 
Mean 

Latitude Midland 191 34.343 4.000 0.289 

Miniatur 32 33.943 4.351 0.769 

Longitude Midland 191 102.161 2.769 0.200 

Miniatur 32 102.763 2.414 0.427 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Latitude Equal 
variances 
assumed 

1.746 .188 .516 221 .606 0.399 0.774 -1.125 1.924 

Equal 
variances 
not 
assumed 

    .486 40.27 .630 0.399 0.822 -1.261 2.060 

Longitude Equal 
variances 
assumed 

.716 .398 -1.16 221 .248 -0.602 0.520 -1.627 0.423 

Equal 
variances 
not 
assumed 

    -1.28 45.82 .208 -0.602 0.471 -1.551 0.347 
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 To summarize, an analysis of Folsom-age point variants based on the average latitudes 

and longitudes in which they were found reveals that significant differences in spatial 

distributions do exist.  These differences are primarily related to latitude.  The mean coordinates 

for Folsom points occur farther to the north than the other types, while Midland and miniature 

points appear farthest to the south.  Unifacially fluted and pseudo-fluted points occur roughly 

halfway in between the Folsom and Midland/miniature coordinates.  In terms of longitude, 

statistically significant differences exist between some point types, but the values of those 

differences are fairly small.  For the most part, the differences in longitude are only significant 

among the point types with the most geographically disparate coordinates, particularly between 

Folsom/Midland and Folsom/miniature points.  However, Midland and unifacially fluted points 

also have significant differences in longitude, and the results for Midland and pseudo-fluted 

point longitudes are almost significant, but not quite.  Overall, the geographic trend in mean 

coordinates for the point variants (starting from Folsom and ending at Midland and miniature 

points) is primarily from north to south, and to a lesser extent from west to east (Figure 21). 

 These results do come with a caveat: not all assemblages or collections have been 

sampled to 100% of their known artifact counts, and not all known Folsom sites and collections 

have been accounted for in this research.  In particular, only a fraction of the extensive 

Lindenmeier assemblage has been analyzed here, and a more complete analysis of that site 

would pull all of the plots in Figure 21 farther north.  Therefore, these results are subject to 

change as more data are accumulated and more Folsom sites are discovered.  However, it is also 

expected that the geographic distinction between the point types will remain significant as the 

pool of data increases. 
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Figure 21: Maps with dots representing the mean coordinates for each Folsom point variant.  

Ellipses represent variation about the mean within one standard deviation. 
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Radiocarbon Analysis 

 Chapter 3 summarized the results of Collard et al. (2010), who compiled radiocarbon 

dates from Folsom and Clovis sites to determine whether the two technological complexes 

overlap in age.  Their findings suggest that Folsom and Clovis ages overlap in the north, but 

there is a hiatus between them in the south, with the gap appearing south of 36°N latitude.  These 

results appear to coincide with the increasing prevalence of Midland and other Folsom-age point 

types in the southern portion of Folsom’s geographic range.  Based on these results, it is 

tempting to state that fluting becomes de-emphasized towards the latter end of the Folsom 

period, starting with the increased appearance of unifacially and pseudo-fluted points and 

followed by Midland and miniature points in the southernmost (and hence, latest) sites.  Before 

that assertion can be made with confidence, however, it is necessary to test the reproducibility of 

Collard et al.’s results using a methodology that encompasses the full range of Folsom-age 

radiocarbon variation. 

 Collard et al. (2010:2514-2515) employ a methodology that utilizes pooled mean dates 

from a sample of 16 Folsom sites and 14 Clovis sites.  Each site is represented by a single date, 

which in most cases is the mean of multiple dates that have been averaged in order to “prevent 

site-phases with multiple dates from biasing the results” (Collard et al. 2010:2514).  Any dates 

with standard errors over 200 years are rejected.  For sites with multiple Folsom occupations, 

they only sample dates from the oldest component.  Their analysis also utilizes calibrated dates 

rather than the original radiocarbon dates, though they are careful to note that the “calibration 

cliff” that occurs between 12,900 and 12,700 calendar years BP does not significantly affect their 

post-calibration error ranges (Collard et al. 2010:2516).  Collard et al. measure the distances 

between sites in two ways (2010:2514).  They first use a method that sets each site sequentially 
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as center point and measures the distances between it and all the other sites in turn and calculates 

correlation coefficients between the sites and their respective pooled calibrated radiocarbon ages.  

Second, the correlation coefficients are then compared to the sites’ latitudes to determine the 

direction of the correlation.  In this way, Collard et al. determine that Hell Gap is the site closest 

to the point of origin for Folsom, and the technology spreads primarily in a southerly direction 

from there, with the emergence of Folsom technology south of 36°N latitude being the result of 

migration rather than cultural diffusion (2010:2516-2517). 

 The analysis conducted here is more straightforward and inclusive than Collard et al.’s, 

which gives it the advantage of a larger sample size, but it can also obscure and reduce the power 

of the results.  The dated sites used for this analysis consist of those sampled by Collard et al. 

(2010:2514, Table 1) and Holliday (2000:241-243, Table IIIb).  The sites include Agate Basin, 

Blackwater Draw, Bonfire Shelter, Carter-Kerr/McGee, Folsom, Hanson, Hell Gap, 

Lindenmeier, Lipscomb, Lubbock Lake, and Waugh (Holliday 2000), as well as Barger Gulch 

(Mayer et al. 2005), Black Mountain (Jodry et al. 1996), Bobtail Wolf (Root et al. 1996), Cooper 

(Johnson and Bement 2009), Indian Creek (Davis and Baumler 2000), MacHaffie (Davis et al. 

2002), and Mountaineer (Stiger 2006).  The analysis includes all accepted Folsom dates, 

regardless of standard error and including previously calculated averages.  The dates are not 

calibrated because absolute ages are not relevant in this study; the relationship between the 

relative ages of the sites is what matters.  Each date is given five entries: one for the mean, two 

for the mean plus and minus one standard error, and two for the mean plus and minus two 

standard errors, to account for 95% of the variation about the mean for each date.  As with the 

previous analysis, the latitude and longitude of the sites are determined based on the counties in 

which the sites are located.  The relationships between latitude, longitude, and the ages of the 
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Folsom sites are then investigated using scatterplots, correlation analysis, and regression 

analysis. 

 The scatterplots (Figure 22) do not reveal an immediately apparent pattern.  Naturally, 

individual sites and dates have widely varying standard errors, making any possible trend 

difficult to discern.  However, by looking at the medians of each column of dates, a possible 

trend may be evident.  The relationship between age and latitude still appears random, while the 

relationship between age and longitude appears to peak slightly in one area, suggesting that the 

oldest Folsom sites occur just east of 104°W longitude.  Still, this interpretation of the 

scatterplots is by no means conclusive, so more quantitative analyses are necessary to parse more 

definitive relationships. 

 A correlation analysis reveals that some significant relationships between latitude, 

longitude, and age do exist (Table 73), although the results appear different from those expected 

based on the scatterplots.  First, there is a highly significant correlation (p=0.002) between 

latitude and age, supporting Collard et al.’s (2010) results.  Also, latitude and longitude are 

highly correlated with each other (p=0.000), but that is simply an indication of the northwest-

southeast geographic trend of the dated Folsom sites.  The correlation analysis does not find a 

significant relationship between longitude and age, but this result is likely because the analysis 

searches for linear relationships, while the scatterplot in Figure 22b indicates a curvilinear one. 
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Figure 22: Scatterplots showing the relationship between Folsom-age radiocarbon dates and 

latitude (a) and longitude (b). 
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Table 73: Analysis of the correlations between latitude, longitude and age for dated Folsom sites. 

Correlations 

  Age Longitude Latitude 

Age Pearson 
Correlation 1 .005 0.159 

Sig. (2-
tailed)   .919 .002 

N 385 385 385 

Longitude Pearson 
Correlation .005 1 0.665 

Sig. (2-
tailed) .919   .000 

N 385 385 385 

Latitude Pearson 
Correlation 0.159 0.665 1 

Sig. (2-
tailed) .002 .000   

N 385 385 385 
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 Regression analysis can provide additional insights into the relationships between age 

and latitude and longitude.  Using linear regression, a significant relationship is again apparent 

between latitude and age, with age as the dependent variable (p=0.002, R
2
=0.025).  The direction 

of this relationship indicates that the older sites are in the north, and the younger sites are in the 

south, but the extremely low R
2
 value reveals that the regression equation accounts for very little 

of the variation in the data.  This variation is due to the inclusion of two levels of standard errors 

for each radiocarbon date, making it difficult if not impossible for any regression equation to 

fully encompass all the data.  However, even if all the standard errors are removed and only the 

mean radiocarbon date values are used, the R
2
 value only increases to 0.064.  While remaining 

significant, the p-value also increases to 0.026. 

 It is worth noting that an outlier exists within the latitude and radiocarbon data.  As seen 

in Figure 23a, one site is located considerably farther south than the others and also has 

radiocarbon dates that are noticeably younger on average than most of the others.  This outlier is 

Bonfire Shelter, and the relationship between its radiocarbon dates and its Folsom component 

has been the subject of some debate.  In the original analysis of the site, the Paleoindian 

component of Bone Bed 2 is interpreted as representing three kill events, with the lowest kill 

being Folsom in age and the others being associated with Plainview points (Dibble 1965:30-33).  

The radiocarbon samples were taken from the uppermost kill and thought to be related only to 

the Plainview component.  However, a recent interpretation of the site proposes that Bone Bed 2 

represents a single kill event and that the Folsom and Plainview points are contemporaneous 

(Byerly et al. 2005; Cooper and Byerly 2005), although not all researchers accept this 

interpretation (Bement 2007).  Moreover, Collins (personal communication) states that the 

radiocarbon sample was taken from an intrusive pit and is not related to Bone Bed 2 whatsoever.  
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Therefore, regression analysis must also be run while excluding the Bonfire dates from the 

sample.  Without the presence of the Bonfire Shelter dates, the linear regression analysis loses all 

significance (p=0.498, R
2
=0.001), and the north-south trend disappears. 

 Because the scatterplot of longitude and age (Figure 22b) appears to have a slight 

curvilinear trend, quadratic regression is also used to determine whether a significant relationship 

exists between age and latitude or longitude.  The results indicate that significant correlations 

exist for both latitude (p=0.000, R
2
=0.098) and longitude (p=0.007, R

2
=0.025), with latitude and 

age actually expressing the more significant relationship of the two regressions (Figure 23).  

However, as noted with the linear regression, the very low R
2
 values indicate that neither latitude 

nor longitude are very powerful variables for encompassing the variation that is present in the 

radiocarbon dates.  When the standard errors of the radiocarbon dates are ignored and only the 

mean date values are used, the quadratic regression for latitude and age remains significant at 

p=0.00, while the R
2
 value increases to 0.248.  However, using the same dates for the quadratic 

regression of longitude and age eliminates the significance between these variables at the 95% 

confidence level, inflating the p-value to 0.085, with an R
2
 value of 0.065.  Unlike the linear 

regression analysis, removing the Bonfire Shelter data from the sample does not eliminate the 

significance of these quadratic regression analyses, although the significance and power of the 

analyses are reduced slightly without the Bonfire data. 
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Figure 23: Scatterplots with overlaid quadratic regression lines.  a. Latitude/age scatterplot with the quadratic 

regression expressed as y(x) = -4.746x2 + 381.233x + 2958.046, where x = latitude and y = age.  b. Longitude/age 

scatterplot with the quadratic regression expressed as y(x) = -5.983x2 + 1260.142x – 55828.785, where x = 

longitude and y = age. 
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 The fact that curvilinear lines best depict the geographic distribution of Folsom period 

radiocarbon dates indicates that the oldest sites occur somewhere towards the middle of their 

geographic range, with the spread of Folsom technology moving more or less in all directions 

from there.  Assuming that the quadratic equations mentioned in the caption of Figure 23 are 

accurate representations of a geographic trend among dated Folsom sites (despite the low R
2
 

values), then a hypothetical latitude and longitude of the oldest Folsom occupation in North 

America can be calculated from these equations.  Based on the quadratic equations provided by 

the regression analyses, the location of origin for Folsom technology appears to be at about 

40.16°N latitude and 105.31°W longitude, which lies just west of Longmont, Colorado.  This 

result is roughly 250 km to the south of Collard et al.’s (2010:2514) estimate of a Folsom origin 

near the Hell Gap site in Wyoming. 

 In summary, there appears to be a slight correlation between the age of Folsom sites and 

their geographic location based on the methods used in this analysis.  These results are slightly 

different from those expressed in Collard et al. (2010), however.  While Collard et al. suggest 

that Folsom technology emerged in the northern portion of its range, near the Hell Gap site, the 

analysis conducted here indicates that Folsom technology may have emerged closer towards the 

center of its range, in north-central Colorado.  At this point it is unclear which study may be the 

more accurate.  Collard et al.’s inclusion of possible non-Folsom radiocarbon dates from the 

Bonfire Shelter may have skewed their results and inflated their significance.  On the other hand, 

the quadratic regressions used here are not strongly affected by the Bonfire data, but the low R
2
 

values mean that the regression equations do a poor job of accounting for the wide variation of 

standard errors in the radiocarbon dates.  If these results are accepted, then there does not appear 
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to be a one-to-one correlation between Folsom site age and the relative abundance of unifacially 

fluted, pseudo-fluted, Midland, and miniature points.  Instead, the projectile point distribution 

trend appears strictly geographic.  Sites to the north of Colorado tend to have fewer of the non-

Folsom point varieties, while sites to the south typically have more.  This trend may be due to the 

preferences of different regional Folsom hunter-gatherer bands, but the possibility of a link 

between point types and prey choice also deserves investigation. 

 

Comparison of Point Types and Faunal Remains 

 The results of the technological analysis indicate that a statistically significant 

morphological difference exists between Folsom and Midland points, suggesting that the two 

types may have been hafted differently.  The preceding sections indicate that although there are 

geographic differences in the occurrences of Folsom and the other point types, there does not 

appear to be a direct relationship between the occurrences of the point types and the ages of the 

sites.  These two results suggest that Folsom, Midland, and the other point types are roughly 

contemporaneous but may have been used for slightly different purposes.  The interpretation that 

these tools are the tips of weapons intended to be thrown or otherwise propelled towards prey 

from a distance is not challenged here, but it may be worth investigating whether there is a 

correlation between Folsom-age point variants and proportions of bison and non-bison game.  In 

other words, this section considers the possibility that fluted Folsom points were largely reserved 

for hunting bison, while Midland, unifacially fluted, pseudo-fluted, and/or miniature points were 

used to hunt other game animals. 

 Table 74 displays the sites used in this analysis, along with the counts of point types and 

faunal remains.  The sites included in this analysis are those whose artifacts I have personally 
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analyzed and which also have yielded faunal remains that have been quantified in prior research.  

Although numerous other Folsom sites with preserved faunal remains exist, the typology of the 

artifacts associated with those remains may not have been determined using the same criteria as 

this analysis, and so these extraneous sites are not included.  Some sites, such as Blackwater 

Draw, have Folsom components that have been analyzed here and also have well preserved 

faunal remains, but those remains have not been sufficiently quantified for this comparison.  The 

point counts used in this section consist solely of finished projectile points and not preforms 

because only finished points would presumably be used to hunt game.  The “Folsom point” 

designation includes only the formal, bifacially fluted Folsom points of the classic definition, 

while the “other points” category is reserved for unifacially fluted, Midland, pseudo-fluted, and 

miniature points.  Plainview, Goshen, Cody, Milnesand, and indeterminate unfluted points are 

excluded from the analysis.  For the faunal remains, the data used are the minimum number of 

individuals (MNI) counts for their respective Folsom components.  The “bison” section refers to 

the MNI of Bison antiquus from these components, while “other game” refers to any other prey 

type of a size that would likely require a propelled dart to hunt successfully.  In most cases, the 

“other game” category pertains to deer and/or pronghorn, but other occurrences include elk, 

peccary, horse, camel, and even wolf and dog.  The horse and camel remains (from Bonfire 

Shelter and Lindenmeier and Agate Basin, respectively) may be intrusive and not actually related 

to the Folsom occupations, but they are included in this analysis for the sake of completeness.  

Wolf and dog are included in this analysis because remains from the Agate Basin site exhibit 

cutmarks suggesting human utilization of these animals (Walker 1982). 
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Table 74: Folsom sites containing faunal remains from the research sample.  Includes counts of 

sampled Folsom and variant point types as well as counts of bison and non-bison game. 

Site 
Folsom 

Points 

Other 

Points 
Bison 

Other 

Game 
References 

Kincaid 3 2 1 0 Collins 1990:30 

Lubbock Lake 4 3 3 1 Johnson 1987:62, 84 

Bonfire 1 0 27 1 
Dibble and Lorrain 

1968:30 

Wilson-

Leonard 
0 2 2 0 Baker 1998:1506 

Lindenmeier 70 40 13 6 
Wilmsen and Roberts 

1978:46 

Folsom 5 1 32 1 
Meltzer 2006:236, 243-

245 

Agate Basin 3 2 9 9 
Zeimens 1982:227-229, 

Walker 1982:281 

Hell Gap 2 9 4 2 Rapson and Niven 2009 

Bobtail Wolf 10 3 5 1 Emerson 2000a:341 

Big Black 12 0 1 1 Emerson 2000b:131, 136 
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 Based on the data in Table 74, there does not appear to be any direct correlation between 

the counts of projectile points and the MNI counts of game animals from the sampled sites.  This 

result is to be expected, however, as many of these sites represent different activities and 

durations of residence, which can increase the counts of projectile points relative to faunal 

remains or vice versa.  Ratio variables can be created to reduce the effect of disparate count data 

between points and faunal remains, but ratios such as “other points/Folsom points” and “non-

bison/bison MNIs,” are also imperfect.  For example, the lack of Folsom points from Wilson-

Leonard means that such a point ratio is impossible for that site and must be excluded.  

Performing regression analyses using the aforementioned ratio variables yields extremely 

insignificant results (p-value=0.784 and R
2
=0.011 for linear, and p-value=0.966 and R

2
=0.012 

for quadratic regression).  Based on this simple study, a correlation between Folsom-age point 

types and Folsom prey choice cannot be supported. 

 This analysis represents a simple exploration of the possibility that different Folsom point 

types were used in the pursuit of different game, so it does not account for the numerous factors 

that affect the presence, absence, and preservation of these materials that can obscure the results.  

The most obvious factor, though, is sample size.  The sample of sites and collections used in this 

research is not oriented towards the study of faunal remains, so the sample size for fauna is 

smaller and likely less representative than the point sample.  Also, site function is a previously 

mentioned factor that can affect the amounts of faunal remains and artifacts present.  The sites in 

this sample range from extensive, long-term campsites like Lindenmeier, to large communal kill 

sites like Folsom, and even to ephemeral sites such as Kincaid, whose Folsom component is 

interpreted as the death site of a wounded bison that escaped an unsuccessful hunting attempt 

(Collins 1990:30).  A more thorough analysis of this topic would control for site types, analyzing 



297 

 

kill sites, residential camps, logistical camps, and lithic procurement sites on their own terms.  

Finally, the different effects that weathering and taphonomic processes can have on large bison 

bone opposed to the smaller bone of deer and other game has not been accounted for.  The size 

and density of larger bone such as bison makes it less likely to deteriorate or be transported by 

scavengers or natural processes than the bones of smaller game (Lyman 1984).  In their 

ethnographic study of the Hadza in Tanzania, O’Connell et al. (1992:339) observe that the 

remains of large game kill sites are far more visible than the remains from other forms of 

subsistence, indicating that the importance of large game is often overemphasized in the 

archaeological record. 

 The choice of weapon that is used to dispatch different types of game may also depend on 

factors other than the game itself.  For example, Frison (1991:241) states that projectile points 

may not be used at all in the hunting of pronghorn when using corral traps.  Historic accounts of 

Assiniboine pronghorn corralling indicate that the animals were led into a corral, where they 

would run around the perimeter to the point of exhaustion, allowing the Assiniboine to enter and 

kill the animals with clubs.  In the case of Folsom, Bamforth (1991:311-314) demonstrates that 

fluted Folsom points are preferentially employed in communal bison hunts, but that preference 

may not necessarily carry over to less formal bison kills.  In the course of encounter-based kills, 

a hunter is more likely to use whatever dart point types he (or she) has on hand.  In that case, 

Midland or other point types may be used to bring down a bison, or Folsom points may be used 

on pronghorn, deer, or other game.  If this scenario is correct, then Folsom points are more often 

to be found with bison due to their importance in communal kills, but the correlation may be 

obscured by the use of a variety of points (including Folsom) in other hunting situations.  Some 

blood residue analyses have indicated that Folsom points were likely used on a variety of game, 
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including pronghorn, bear, and rabbit, as well as bison (Amick 1994b:253-255; Hyland and 

Anderson 1990:109). 

 A related topic concerns the implications of prey choice and weapon systems in 

conjunction with miniature points specifically.  Amick (1994a:23-25) proposes the possibility 

that miniature points represent a Folsom-age manifestation of bow and arrow technology.  He 

goes on to mention that even full-sized Folsom points have similar size dimensions as later arrow 

points.  This hypothesis is based entirely on conjecture, however, and relies on morphological 

similarities between Folsom and Late Prehistoric points and the contemporary occurrence of bow 

and arrow technology in Paleolithic Europe.  A recent study by Tomka (2013) presents a series 

of experiments involving bows and arrows built to specifications derived from historic examples.  

The results indicate that historic bow proportions would be able to bring down medium-sized 

game (deer, pronghorn) at up to 45 m distance, and they could possibly kill larger game (caribou) 

at up to 20 m distance, but the bows would be ineffective against very large game (bison) even at 

relatively close distances of 10 m (Tomka 2013:562).  As such, the greater penetrative power of 

atlatls and darts may have been preferred for larger game, while the greater projectile velocity 

offered by bows and arrows may have been more effective for hunting agile medium-sized game.  

Tomka (2013:564) notes that bows were occasionally used to hunt large game like bison 

prehistorically, but the use of bows against such large animals may have been limited to 

situations in which the animals were trapped or confined, allowing the hunters to shoot multiple 

times from very close range.  It is unclear whether this interpretation is supported in the Late 

Prehistoric archaeological record, however.  Also, the extent to which this study may apply to the 

Folsom period remains in the realm of speculation, but it may be worth considering in 
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conjunction with the appearance of miniature points in Folsom and other Paleoindian 

assemblages (Bonnichsen and Keyser 1982; Storck 1991:156-158). 

 In sum, no correlation is apparent between the abundances of Folsom-era point types and 

that of different game-sized prey species, although numerous factors affect the occurrences of 

point types and faunal remains and likely obscure any such correlation.  A more exhaustive study 

would be necessary to examine individual site proveniences for direct associations between 

different point types and faunal remains.  Such detailed site analyses have not been compiled in 

this research, with the exception of the Gault site, which has no significant faunal remains that 

can be reliably attributed to the Folsom period. 

 

Regional Occurrences of “Extra Fine” Projectile Points and Pristine Preforms 

 The skill analysis chapter mentions the occurrence of “extra fine” projectile points and 

notes that these well made specimens appear among the Folsom, Midland, and unifacially fluted 

types.  The fact that these points are so well made suggests that a subset of flintknapping 

specialists existed during the Folsom period, and the consistency of the quality in these points 

also suggests that the specialists may have been in communication with each other.  This section 

investigates whether extra fine points occur more often in one portion of the Folsom range than 

in any other.  Additionally, the appearance of “pristine” but discarded complete Folsom preforms 

seems to coincide with the emphasis on Folsom point production in the northern portion of the 

range, but this hypothesis also requires testing. 

 The analysis of the extra fine points consists of a Chi-square test comparing the observed 

and expected counts for extra fine and ordinary points for the sites and collections in the sample 

(Table 75).  Overall, the Chi-square test gives significant results, with a p-value of 0.001 and a 
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Chi-square value of 58.9, although many of the cells have counts below five.  The results 

indicate that higher than expected counts of extra fine points occur at Blackwater Draw, Big 

Black, Folsom, and the Westfall site, based on adjusted residual scores that are greater than 1.96.  

The sites represent a variety of purposes, with Blackwater Draw being a campsite and small kill 

locality (Bamforth 1991:313), Big Black being a lithic procurement site (Williams 2000:233-

267), Folsom being a large kill site (Meltzer 2006), and the Westfall site being a campsite 

(Hofman et al. 2002).  Additionally, these sites with high proportions of extra fine points are 

widely distributed geographically.  Blackwater Draw and Folsom are located in New Mexico, the 

Westfall site is in Colorado, and Big Black is in North Dakota.  Therefore, there does not appear 

to be a single location in which these skillfully made points likely originate.  Although extra fine 

points are probably made by the most talented flintknappers in a group, these flintknappers do 

not seem to have come from a single origin but instead follow a similar tradition across space. 
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Table 75: Chi-square test comparing occurrences of “extra fine” and ordinary point forms for 

each site/collection. 

Site * Quality Crosstabulation 

  

Quality 

Total 
"Extra 
Fine" Normal 

Site Agate Basin Count 
0 5 5 

  Expected Count 
0.4 4.6 5 

  Adjusted 
Residual -0.7 0.7   

  Baker Collection Count 
1 24 25 

  Expected Count 
2.1 22.9 25 

  Adjusted 
Residual -0.8 0.8   

  Barger Gulch Count 
1 14 15 

  Expected Count 
1.3 13.7 15 

  Adjusted 
Residual -0.3 0.3   

  Big Black Count 
5 7 12 

  Expected Count 
1 11 12 

  Adjusted 
Residual 4.1 -4.1   

  Blackwater Draw Count 
5 16 21 

  Expected Count 
1.8 19.2 21 

  Adjusted 
Residual 2.5 -2.5   

  Bobtail Wolf Count 
0 13 13 

  Expected Count 
1.1 11.9 13 

  Adjusted 
Residual -1.1 1.1   

  Bonfire Shelter Count 
0 5 5 

  Expected Count 
0.4 4.6 5 

  Adjusted 
Residual -0.7 0.7   

  Cedar Creek Count 
2 36 38 

  Expected Count 
3.3 34.7 38 

  Adjusted 
Residual -0.8 0.8   
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Table 75 continued. 

  

Quality 

Total 
"Extra 
Fine" Normal 

Site Cox Collection Count 
4 65 69 

  Expected Count 
5.9 63.1 69 

  Adjusted 
Residual -0.9 0.9   

  Deann's Site Count 
0 1 1 

  Expected Count 
0.1 0.9 1 

  Adjusted 
Residual -0.3 0.3   

  Folsom Count 
2 3 5 

  Expected Count 
0.4 4.6 5 

  Adjusted 
Residual 2.5 -2.5   

  Gault Count 
0 16 16 

  Expected Count 
1.4 14.6 16 

  Adjusted 
Residual -1.2 1.2   

  Hanson Count 
2 8 10 

  Expected Count 
0.9 9.1 10 

  Adjusted 
Residual 1.3 -1.3   

  Hell Gap Count 
0 16 16 

  Expected Count 
1.4 14.6 16 

  Adjusted 
Residual -1.2 1.2   

  Kincaid Count 
0 2 2 

  Expected Count 
0.2 1.8 2 

  Adjusted 
Residual -0.4 0.4   

  Krmpotich Count 
0 8 8 

  Expected Count 
0.7 7.3 8 

  Adjusted 
Residual -0.9 0.9   

  Lindenmeier Count 
7 109 116 

  Expected Count 
9.9 106.1 116 

  Adjusted 
Residual -1.1 1.1   

  Lubbock Lake Count 
0 7 7 

  Expected Count 
0.6 6.4 7 

  Adjusted 
Residual -0.8 0.8   
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Table 75 continued. 

  

Quality 

Total 
"Extra 
Fine" Normal 

Site Misc. Colorado Count 
2 4 6 

  Expected Count 
0.5 5.5 6 

  Adjusted 
Residual 2.2 -2.2   

  Misc. New Mexico Count 
1 3 4 

  Expected Count 
0.3 3.7 4 

  Adjusted 
Residual 1.2 -1.2   

  Misc. Texas Count 
0 7 7 

  Expected Count 
0.6 6.4 7 

  Adjusted 
Residual -0.8 0.8   

  Mud Springs Count 
1 16 17 

  Expected Count 
1.5 15.5 17 

  Adjusted 
Residual -0.4 0.4   

  Rio Rancho Count 
0 23 23 

  Expected Count 
2 21 23 

  Adjusted 
Residual -1.5 1.5   

  Scharbauer Count 
1 21 22 

  Expected Count 
1.9 20.1 22 

  Adjusted 
Residual -0.7 0.7   

  Shifting Sands Count 
12 97 109 

  Expected Count 
9.3 99.7 109 

  Adjusted 
Residual 1 -1   

  Sulphur River Count 
0 5 5 

  Expected Count 
0.4 4.6 5 

  Adjusted 
Residual -0.7 0.7   

  Westfall Collection Count 
5 41 46 

  Expected Count 
3.9 42.1 46 

  Adjusted 
Residual 0.6 -0.6   

  Westfall Site Count 
1 1 2 

  Expected Count 
0.2 1.8 2 

  Adjusted 
Residual 2.1 -2.1   
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Table 75 continued. 

  

Quality 

Total 
"Extra 
Fine" Normal 

Site Wilson-Leonard Count 
0 2 2 

  Expected Count 
0.2 1.8 2 

  Adjusted 
Residual -0.4 0.4   

  Wyche Ranch Count 
3 12 15 

  Expected Count 
1.3 13.7 15 

  Adjusted 
Residual 1.6 -1.6   

Total Count 
55 587 642 

Expected Count 
55 587 642 

Chi-Square Tests 

  Value df 
Asymp. Sig. 

(2-sided) 

Pearson 
Chi-
Square 58.901

a
 29 0.001 

Likelihood 
Ratio 51.6 29 0.006 

N of Valid 
Cases 642     
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 Pristine Folsom preforms are ones that are complete and in good enough condition that 

they likely could have been made into points, but they were discarded for unknown reasons.  An 

examination of the sample for the sites in which these preforms are found reveals that most of 

them do come from the north.  One pristine preform each is found in Gault, the Cox collection, 

Barger Gulch, and Hanson, with two preforms each from Big Black and Lindenmeier.  The small 

sample of pristine preforms eliminates the usefulness of statistics, but it is worth noting that the 

average latitude of these preforms is 41.06°N, which lies just north of the Wyoming-Colorado 

border.  Therefore, pristine Folsom preforms do seem to occur more commonly in the north than 

the south, and it may be related to the prevalence of Folsom points as opposed to the other point 

variants in the northern part of the range.  The existence of these preforms has sometimes been 

attributed to perfectionism in a ritual context (Bradley 1993:255-256), but considering the results 

of the raw material analysis in Chapter 6, it is possible that Folsom-age hunter-gatherers were 

carrying these preforms with the full intention of finishing them later, but somehow lost them 

along the way. 

 

Conclusions 

 Of the regional trends investigated, only the first produces statistically significant results.  

The first analysis reveals that geographic distributions of the five Folsom-era point types are 

significantly different, with Folsom points appearing more abundantly to the north and west, 

Midland and miniature points appearing primarily in the south and east, and unifacially fluted 

and pseudo-fluted points appearing roughly in the middle.  The second analysis attempts to 

determine whether this geographic distribution correlates with Folsom-era radiocarbon dates, as 

suggested by Collard et al.’s (2010) research.  The results of this analysis indicate that the oldest 
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Folsom sites likely occur in central to north-central Colorado, which falls roughly in the center of 

the distribution of known Folsom sites in North America.  Therefore, the significant north-south 

distribution of point types does not appear to match the chronological trend, suggesting that the 

occurrences of the different point types is more due to regional preferences than to change over 

time.  The faunal analysis is a cursory exploration of a potential link between Folsom-age point 

types and the remains of game species found at Folsom sites.  The results show no significant 

link between the two occurrences, but more thorough faunal and site-specific research may be 

necessary to research this topic further.  Finally, an examination of the occurrences of extra fine 

points and pristine preforms yields mixed results.  The extra fine points do not appear to follow 

any regional trend, while the pristine Folsom preforms do seem to occur more commonly in the 

northern part of the Folsom range than in the south.
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CHAPTER 8: CONCLUSIONS 

 

 If I were to sum up the results of this whole enterprise in three words, it would be these: 

“Bamforth was right.”  The most significant factor that contributes to the variation in Folsom-age 

projectile point types appears to be skill.  But naturally, the details are more complicated than 

that.  The examination of the Gault assemblage (Chapter 3) sets the stage for the larger research 

questions that follow, and while some of the results of those larger analyses corroborate the 

initial observations from Gault, not all of them hold up under the weight of a larger sample.  The 

technological analysis (Chapter 4) expands on the similarities and differences in morphology and 

production techniques between Folsom, Midland, unifacially fluted, pseudo fluted, and miniature 

points and preforms, as well as ultrathin bifaces.  The skill analysis (Chapter 5) uses ratio 

variables to approximate the level of skill that went into the production of each point relative to 

each other and supports the assertion that the fluted Folsom type is the most skillfully made in 

general, followed by unifacially fluted, Midland, and pseudo-fluted, respectively.  The raw 

material analysis (Chapter 6) tests the idea that the unfluted point types were made as raw 

material supplies diminished and finds that the idea cannot be supported with the present data, 

primarily due to differential curation of Folsom preforms compared to the other types.  The 

regional analysis (Chapter 7) tests several lingering questions regarding the geographic 

distribution, age, and function of the various Folsom-era point types and finds that only their 

geographic distribution contains a significant trend. 
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Revisiting Gault 

 Many of the conclusions drawn from the technological and typological examination of 

the Folsom and Midland points from the Gault site require additional discussion in light of the 

conclusions obtained from the larger research sample.  For the most part, the larger sample 

agrees with and builds on the ideas put forth in the Gault chapter, but a few, such as Hofman’s 

raw material hypothesis and the potential correlation between site ages and the types of points 

present, are not supported by the subsequent research.  This section details each of the Gault-

derived conclusions individually. 

 The Gault analysis indicates that some Folsom preforms lack the pressure flaking that is 

usually found prior to fluting on most preforms from other sites.  Chapter 4 reports that this 

anomaly in the reduction sequence also appears to a lesser extent in Big Black, Lindenmeier, 

Boca Negra Wash, and the Westfall collection.  This lack of pressure flaking may represent a 

novice’s lack of understanding of proper Folsom point production, or may be the result of 

younger individuals attempting to make Folsom preforms, but they have not yet acquired the 

upper body strength to properly pressure flake. 

 Other Folsom preform anomalies are found in assemblages outside Gault and are 

mentioned in Chapter 4.  While most preforms are prepared and fluted on one face at a time, 

about four percent of the Folsom preforms in the sample have a well prepared second face 

despite a fluting failure on the first.  Another anomaly consists of points and preforms that have 

been fluted from the distal end.  In most cases, distal fluting of points is a result of inverting a 

used point and resharpening it on the opposite ends; while distal fluting on preforms occurs 

among unusually shaped specimens and appears to be related to the learning process.  There is 

one notable exception from the Big Black site, however, in which a well made preform was 
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fluted from both proximal and distal ends.  Overall, these Folsom production anomalies appear to 

be the exceptions that prove the rule, in that they are so rare that it seems to indicate that 

bifacially fluted point production was fairly uniform in general. 

 Additionally, Gault reveals that some Midland points were likely thinned by percussion 

flaking and others by pressure, and the technique used likely depends on the size of the original 

flake blank.  An analysis of the skill involved in producing both of these Midland forms (Chapter 

5) indicates that their skill levels are similar overall, with a significant difference only in terms of 

flake scar counts.  Contrary to expectations, percussion thinned Midland points consistently have 

higher flake scar counts than their pressure thinned counterparts.  This result is probably due to 

the need for more edge retouch on the percussion thinned points compared to the pressure 

thinned ones. 

 The Gault site appears to have Midland preforms in its assemblage, but these possible 

preforms are less skillfully made and often smaller than the finished points, suggesting that they 

may have been discarded practice pieces made by novices.  A scatterplot comparing the widths 

and thicknesses of all the Midland points and preforms from the entire research sample (Figure 

13b, Chapter 4) indicates that Midland preforms in general have widely varying sizes and are not 

consistently larger than most finished Midland points, as would be expected of preforms in 

general.  On the other hand, Folsom and pseudo-fluted preforms are consistently both wider and 

thicker than their finished counterparts.   Additionally, Chapter 5 compares the mistake ratios of 

Folsom and Midland preforms from the entire research sample and reveals that Folsom preforms 

consistently exhibit less mistakes than Midland preforms, suggesting that Folsom points are 

indeed produced with more skill in general than Midland points. 
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 A comparison of the counts of Folsom and Midland points and preforms from Gault 

provides some initial support for Hofman’s (1992) model, revealing that Midland points appear 

to have been preferentially discarded at the site, while Folsom preforms were preferentially 

made, suggesting that Midland points were being exchanged for Folsom at lithic procurement 

localities.  However, Chapter 6 explores the model further and reaches different conclusions.  

Relying on the assumption that Hofman’s hypothesis expects Midland and other non-Folsom 

point types to be made from the more depleted stone resources at any given site, while Folsom 

points should be made from the resources that are most abundant.  The results end up being the 

opposite of this expectation, with Folsom points being made most often from exotic raw 

materials compared to the other point types, failing to support Hofman’s model overall. 

 Analysis of the Folsom and Midland points from the Gault site indicate that the two types 

are not always distinct entities and that occasional “hybridization” occurs, in which technological 

aspects of both Folsom and Midland points may be present on a single specimen.  The most 

obvious hybrids are unifacially fluted points in which one face is fluted and the other is thinned 

by Midland-style collateral flaking.  These points make up 19 of the 42 unifacially fluted points 

in the research sample, roughly 45%.  The next hybrid form consists of Folsom points in which 

one or more of the flutes do not reach the distal end, leaving the remainder of the point to be 

thinned by collateral flaking.  Evidence for this thinning pattern appears on 14 points in the 

research sample, but this count is likely a low estimate due to the large number of fragmentary 

and resharpened points in the sample.  A final hybrid form is made up of Midland points that 

retain a non-functional basal “nipple” platform that is usually reserved for Folsom fluting.  Only 

10 Midland points in the sample exhibit this platform, but they are widely dispersed across 

multiple sites.  While the nipple platform appears to be a mere stylistic decision when it appears 
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on Midland points, it may be possible that these points had been considered candidates for 

fluting at some point in their reduction sequence.  Evidence for this possibility is present in a 

handful of channel flakes (primarily from the Shifting Sands assemblage) that exhibit Midland-

style collateral flaking on their dorsal surfaces.  A more systematic examination of channel flake 

morphology may reveal whether this occurrence is more widespread. 

 The Gault chapter concludes with a discussion of the possibility that the proportions of 

Folsom points to unifacially fluted, Midland, pseudo-fluted, and miniature points may be 

correlated with the ages of the Folsom sites in which they were found.  This idea is based on the 

conclusions of Collard et al. (2010), who state that Folsom sites are oldest in the north and 

youngest in the south.  The regional analysis (Chapter 7) finds that the proportions of point types 

do indeed follow a geographic trend, with the non-Folsom varieties becoming increasingly 

prevalent to the south, but the analysis of the radiocarbon ages do not quite replicate the results 

of Collard et al.  Instead, the regional analysis indicates that central Colorado appears to be the 

origin of Folsom technology, placing Folsom’s origin roughly in the center of its distribution. 

 

Revisiting the Technological Analysis 

 The quantitative portion of the technological analysis in Chapter 4 indicates that Folsom 

points are consistently wider than Midland, unifacially fluted, pseudo-fluted, and miniature 

points.  Additionally, Midland points have consistently narrower bases than Folsom points, and 

complete Midland points typically exhibit considerably longer edge grinding than Folsom points.  

The other variants have basal widths that fall in between Folsom and Midland, but their edge 

grinding could not be accurately assessed due to a shortage of complete specimens.  These three 

significant differences between Folsom and Midland points suggest that the two types may have 
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been hafted differently.  The possibility of Folsom and Midland points being hafted differently 

brings up the possibility that the two point types served slightly different purposes, such as being 

used to hunt different species of game.  However, Chapter 7 explores this possibility and 

tentatively finds no correlation between the presence of Midland points (and other Folsom-age 

variants) and non-bison game remains.  While this topic deserves further exploration, at this 

point it appears that Folsom and Midland points were hafted differently due to the requirements 

of their slightly different morphologies (Midland points may have needed extra binding), rather 

than due to differences in their use. 

 The technological analysis separately explores the variations among miniature points and 

ultrathin bifaces.  Miniature Folsom and Midland points do not exhibit the same morphological 

differences as their full sized counterparts and instead compare more favorably to each other.  

Miniature pseudo-fluted points, however, often seem to be narrower and thinner than the 

miniature Folsom and Midland points.  This distinction is likely due to the fact that miniature 

Folsom and Midland points are usually reworked from full size points, while the miniature 

pseudo-fluted points are more likely made from small flakes with the intention of being 

miniature.  An examination of ultrathin bifaces reveals that there are a couple of additional 

bifacial forms that appear similar in technology to ultrathins but have slightly different 

morphologies.  These other forms are called “thick bifaces” and “flake bifaces.”  Chapter 6 

examines the raw materials of ultrathin bifaces and these alternate forms and finds that the 

ultrathin and flake bifaces appear to match the expected proportions of raw material types used 

in projectile points, while the thick bifaces are far more often made from other raw materials, 

particularly quartzite.  Additional research will be necessary to determine whether thick bifaces 
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served a different purpose from the other types, or if they performed the same function and their 

thickness is simply due to raw material constraints. 

 

Revisiting the Skill Analysis 

 Chapter 5 focuses on the skill involved in the production of the various Folsom-era point 

types, and the results produced here are the most consistently significant out of all the analyses.  

For that reason, Bamforth’s (1991) approach to the Folsom-Midland problem appears to be the 

most accurate out of the ideas considered in this research.  By examining the width/thickness 

ratios, mistakes per 10 mm, mistake ratios, and the coefficients of variation, Folsom points 

consistently emerge as the most well made points in the sample.  Additionally, occurrences of 

“extra fine” point-making style are much higher among Folsom points than they are among the 

other types, suggesting that most highly skilled flintknappers at the time more often put great 

effort into the making of Folsom points than they did into the making of Midland, unifacially 

fluted, or pseudo-fluted points.  Raw material analysis in Chapter 6 reveals that these extra fine 

points are made from the same proportions of dominant and non-dominant raw materials as the 

rest of the points, indicating that these points were not more extensively traded than any other 

forms despite their apparent high quality.  Additionally, Chapter 7 explores the sites in which the 

extra fine points are prevalent and finds that there appears to be no geographic trend in their 

distribution.  These points appear to represent a small but consistent presence of highly skilled 

flintknapping across the geographic range of Folsom.  Other skill analyses include the 

aforementioned comparison of percussion thinned and pressure thinned Midland points, as well 

as a comparison of formal and informal pseudo-fluted points, in which a point is considered 

“formal” if the dorsal face is carefully flaked and “informal” if it appears expediently flaked.  
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While formal pseudo-fluted points appear more skillfully made than the informal points in a 

subjective sense, there are no statistically significant differences between them in terms of 

quantitative variables. 

 

Revisiting the Raw Material Analysis 

 As noted in the preceding section on Gault, the raw material analysis in Chapter 6 does 

not support Hofman’s model overall.  This lack of support does not necessarily mean the model 

is wrong; instead, it appears that Folsom points often undergo more extended reduction 

sequences compared to the other types, and this sequence throws off the assumption of direct raw 

material procurement for all types.  When the raw materials for all sites and collections are 

divided into “dominant” and “non-dominant” varieties based on their relative proportions within 

each assemblage, Folsom points tend to be made from non-dominant materials more often than 

the other point variants.  On the other hand, Midland points tend to be made from dominant 

materials more often than expected, and the unifacially fluted, pseudo-fluted, and miniature 

points match the expected proportions of raw materials.  When examining Folsom points and 

preforms, another trend becomes apparent.  Early stage preforms are disproportionately made 

from dominant materials, late stage preforms match the expected proportion, and completed 

points are disproportionately made from non-dominant materials.  This pattern most likely 

indicates that Folsom preforms were often left in an unfinished state and carried around for a 

time before being finished into points and employed as weapons.  On the other hand, the other 

point variants were most likely finished in one sitting and utilized shortly after their creation.  

While Hofman’s hypothesis assumes a direct procurement of raw materials for all the point 
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types, it does not account for the delay in Folsom point production compared to the other point 

types. 

 A map tracing the direction and distance of movement for the dominant raw materials for 

most of the sites in the sample (Figure 20) indicates that the southernmost raw materials tend to 

move north across long distances, the northernmost raw materials tend to move south across long 

distances, and raw materials located near the center of Folsom’s geographic distribution do not 

move very far in any particular direction.  These results seem counterintuitive compared to the 

results of the radiocarbon analysis conducted in Chapter 7, in which Folsom technology is 

determined to have originated in north-central Colorado and spread from there.  According to the 

movement of dominant raw materials, people during the Folsom period instead appear to have 

been converging on Colorado rather than dispersing from there.  In all likelihood, these two 

disparate analyses may reflect back-and-forth pulses of migration between the mountainous 

central sites and the plains sites to the north and south.  It is also possible that this area represents 

a gathering location for Folsom groups from separate regions.  A closer examination and better 

identification of non-dominant raw materials in each of the sampled sites may reveal evidence of 

such movements. 

 

Tying It All Together 

 So what do these results mean in terms of human behavior during the Folsom period?  

Perhaps the simplest and most obvious lesson to be learned is that Folsom projectile point 

technology is versatile enough to encompass a wide range of skill levels.  Although the classic, 

bifacially fluted Folsom projectile point is considered to be extremely difficult to make, it is not 

the only point form that is present in Folsom assemblages.  Midland and unifacially fluted points 
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are also very skillfully made, but they do not require as complex a reduction process as Folsom 

points.  They can be made by people of more intermediate skill or under less-than-ideal 

conditions.  Pseudo-fluted points are often made from minimally modified flakes and can be 

expediently produced by even novice flintknappers when no better option is available. 

 Still, the production of bifacially fluted Folsom points was the norm during this period, 

and the process of making these points was carefully thought out and often took place over an 

extended period of time.  Accepting Bamforth’s (1991:314) assertion that these points were often 

completed as part of the gearing-up process for special communal hunting events, I propose a 

scenario of staged Folsom point production.  In this scenario, competent Folsom flintknappers at 

lithic procurement sites such as Gault would make a surplus supply of Folsom preforms, and 

only a portion of those would be finished into complete points on-site.  The unfinished preforms 

would be retained until the time of the next communal hunt.  Having formal Folsom points 

available during these communal hunts appears to have been important enough to warrant the 

stockpiling of preforms in anticipation of the event.  It is possible, as Bradley (1993:255-256) 

suggests, that the fluting of these preforms played an important role in the ritual preparation for 

these hunts.  In the meantime, if hunters were exhausting their current supply of Folsom points, 

they may have resorted to making unifacially fluted, Midland, or pseudo-fluted points out of 

whatever raw materials were on hand, in order to save their Folsom preforms for the more formal 

hunts to come.  Although Midland preforms are present at the Gault site, these preforms appear 

to be the work of novices, and it is possible that inexperienced knappers tried their hands at 

making the “easier” points at such localities. 

 Does this mean that there was a subset of flintknapping specialists during the Folsom 

period, who supplied everyone with their fluted points?  Yes and no.  The “extra fine” points 
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found in many Folsom assemblages suggest that there was indeed a group of people who were 

exceedingly skilled at making projectile points.  These individuals may have been the old or 

infirm, who could not participate in most hunting and gathering activities and instead devoted 

much of their time to flintknapping.  On the other hand, most Folsom points do not match up to 

the skill that is evident in these select few.  It is likely that most people were at least aware of the 

process involved in producing fluted points, and many could accomplish the feat to an acceptable 

degree.  However, there were also other projectile point options in place for those who could 

never master Folsom production, so no one had to starve for lack of knapping ability. 

 Ultrathin bifaces also represent a very high level of flintknapping skill, and these artifacts 

were likely made by a specialized subset of individuals.  These bifaces were designed to be 

consistently thin across their entire surfaces, meaning that they could be resharpened many times 

while still retaining an optimal cutting edge.  This aspect suggests that these bifaces would have 

been highly curated and would likely have been discarded only when they broke or were 

resharpened beyond their usefulness.  As such, it is likely that these bifaces had a fairly low 

attrition rate, and the most skilled flintknappers in a group could supply them as needed without 

too much hassle.  However, the occasional presence of thick bifaces and flake bifaces that 

exhibit ultrathin-like flaking patterns suggests that non-experts sometimes resorted to making 

tools that resemble ultrathin bifaces. 

 Miniature points represent something of a mystery in the Folsom complex, as well as in 

the other archaeological assemblages in which they appear.  In the case of Folsom, miniature 

points occur primarily in the southern portion of Folsom’s geographic extent, with the exception 

of Lindenmeier.  The fact that some of them have impact damage strongly suggests they were 

used as projectiles, but their size makes them unlikely to have been hafted onto regular dart 
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shafts.  Amick (1994) suggests the possibility of bow and arrow use during the Folsom period, 

but according to Tomka (2013), the use of bows and arrows generally suggests the hunting of 

game smaller than bison.  In this research, there is no evidence to suggest that miniatures or any 

other Folsom-age projectile points were strictly used to hunt non-bison game, but more extensive 

faunal research may be necessary. 

 Tying these conclusions into inferences about Folsom period social systems is 

speculative at best, but some hypothetical scenarios may be suggested.  It appears likely that the 

smallest social unit during this period consisted of small family-based bands, and these bands 

gathered regularly into larger groups to prepare for communal hunts, to exchange information, 

and to find mates.  It is unlikely that every small group retained an “expert” flintknapper, so 

these groups would not regularly have access to “extra fine” points.  Instead, their hunting 

toolkits would consist of whatever projectile points their skills enabled them to make, resulting 

in the variety of point types that are present in the Folsom archaeological record.  Jodry (1998) 

suggests that ultrathin bifaces may have been used for jerky production, which was the work of 

women according to historic accounts of Plains tribes.  Accordingly, it may be possible that 

expert female flintknappers made and supplied ultrathin bifaces to their brethren for such a 

purpose.  This research cannot determine whether women participated in game hunting in 

addition to gathering, trapping, and campsite activities.  However, it is likely that their 

participation in all but the most communal bison hunting would have been limited due to the 

inherent dangers and travel distances involved.  Finally, children were likely involved in hunter 

and gathering efforts at as young an age as possible.  It may be possible that miniature points 

represent part of a child’s hunting arsenal, and children may have engaged in the pursuit of small 

game at a fairly early age. 
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 As always, more research breeds more questions.  In the case of this research, the broad 

scope enables informed generalizations to be made about Folsom technology, but the data would 

benefit from finer resolution studies dealing with specific questions regarding particular 

assemblages.  As stated above, a better understanding of the relationship between point types and 

faunal remains would aid in the interpretations of the use of these points.  Another useful inquiry 

would be more rigorous analyses of the lithic material types utilized during the Folsom period 

and the tracking of those materials across sites both near and far.  A better understanding of 

Folsom-era material culture helps us move beyond our imagination of the people as point-fluting, 

bison-hunting automatons and gives us a broader picture of their true diversity.
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