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Brief history of studies



Archaeological Pottery
• Dunn and Kay1

• Extended Middle Missouri
• Riggs Ware
• n = 29

• Speakman2,3

• Terminal Middle Missouri & Coalescent
• Knife River & LeBeau Wares
• n = 230

• Nepstad-Thornberry4

• Late Plains Woodland & Initial Middle Missouri
• Scalp, Ellis, Great Oasis, Sanford, Stuart, Riggs, and 

Foreman Wares
• n = 106

• Hollenback et al. (ongoing)
• Middle–Late Plains Woodland, Northeast Plains Village
• n = 45

• Roper, Cobry, and Hoard
• Central Plains materials

1 Kay, M. et al. 2000. Helb Site pots: is it Huff or Memorex? Plains Anthropologist 45(173): 323–330.
2 Speakman, R.J. 1997. Neutron activation analysis of northern Plains pottery: chemical distinctions 
between Mandan and Hidatsa pottery from Slant Village (32MO26) and Boley (32MO37), Morton 
County, North Dakota. Paper presented at the 65th Plains Conference.
3 Speakman, R.J.  2000. Change in Mandan and Hidatsa pottery at Slant Village (32MO26). Paper 
presented at the 65th Annual Meeting of the SAA, Philadelphia.
4 Speakman, R.J. and M.D. Glascock. 2004. Instrumental Neutron Activation Analysis of Plains Village 
Pottery from South Dakota and Nebraska. Prepared by the MURR Archaeometry Laboratory. Prepared 
for C. Nepstad-Thornberry, UC-Boulder.



Geological Clays
• Dunn and Kay1

• Clay-rich sediments from alluvial contexts between 
KRIV and Clay County, SD (n = 9)

• Speakman2,3

• Clay and clay-rich sediments from alluvial (valley) and 
residual (upland) contexts between Corner Butte and 
KRIV (n = 30)

• Mitchell4

• Clay-rich sediments from alluvial contexts from near 
Double Ditch and Shermer (n = 10)

• Hollenback et al. (ongoing)
• Clay-rich sediments from alluvial and lacustrine 

contexts from locations around Devils Lake and near 
KRIV (n = 11)

1 Kay, M. et al. 2000. Helb Site pots: is it Huff or Memorex? Plains Anthropologist 45(173): 323–330.
2 Speakman, R.J. 1997. Neutron activation analysis of northern Plains pottery: chemical distinctions 
between Mandan and Hidatsa pottery from Slant Village (32MO26) and Boley (32MO37), Morton 
County, North Dakota. Paper presented at the 65th Plains Conference.
3 Speakman, R.J.  2000. Change in Mandan and Hidatsa pottery at Slant Village (32MO26). Paper 
presented at the 65th Annual Meeting of the SAA, Philadelphia.
4 Ferguson, J. R. and M.D. Glascock. 2007. Instrumental Neutron Activation Analysis or [sic] Raw and 
Archaeological Clay Samples from Central North Dakota. Prepared by the MURR Archaeometry 
Laboratory.  Prepared for M.D. Mitchell, UC-Boulder.



Archaeological Clays
• Mitchell1

• Middle Missouri
• South Cannonball (n = 2)
• Paul Brave (n = 1)
• Shermer (n = 3)
• Huff (n = 2)

• Coalescent
• On-a-Slant (n = 1)
• Upper Sanger (n = 1)
• Double Ditch (n = 9)

1 Ferguson, J. R. and M.D. Glascock. 2007. Instrumental Neutron Activation Analysis or [sic] Raw and 
Archaeological Clay Samples from Central North Dakota. Prepared by the MURR Archaeometry 
Laboratory.  Prepared for M.D. Mitchell, UC-Boulder.



Summary of findings



• Helb
• A single compositional group
• Affinities with alluvial clayey sediment from Burleigh 

County, proximate to Huff
• But—similarities with clayey sediment from nearby Helb

 Marvin Kay et al. Helb Site Pots
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 Figure 2. Neutron activation analysis bivariate plot of principal components 1 and 2 for the Middle Missouri subarea clay
 samples and unprovenienced body sherds from the Helb site. Clay sample numbers are geographically plotted in Figure 1.

 and to compare petrographic point counts with
 NAA data. These techniques are destructive.
 Unprovenienced body sherds from the 1970s sur
 face collections (Falk and Calabrese 1973), which
 could be regarded as expendables, were selected
 and evaluated under Kay's supervision as a gradu
 ate thesis problem by Dunn (1998), who did the
 petrographic thin sections and point counting.
 Dunn's research was further assessed by a miner
 alogist (Doy Zachry) and by a ceramicist (James B.
 Stoltman) who is principally responsible for the re
 newed interest in petrographic point counting.
 Dunn also contacted the nuclear research reactor

 at the University of Missouri-Columbia and
 arranged for the neutron activation analysis
 (Cogswell et al. 1998). This was applied to 28 sherds
 (a randomly chosen subset of 36 specimens) he
 petrographically analyzed, plus nine clay samples
 from throughout the Middle Missouri subarea
 along the Missouri River (see Figure 1). The latter
 included sediments Kay collected at Helb. Because
 the two studies are of matched sherd samples, they
 allow for a direct comparison of the two prime

 ceramic characterization approaches.
 Plain and simple-stamped pottery body sherds

 were selected. The sample ensured a range of thick
 nesses, surface colors (Munsell), and textures of
 pottery fabric. Sample sherds were at best the
 minimum size needed for both petrographic point
 counting and NAA. These sherds are likely but
 unproven to be Riggs ware, which represents more
 than 88% of the ceramics at Helb (Rosebrough
 1995:103)

 ANALYSIS

 Petrographic point count data were normal
 ized and subjected to nonparametric statistical
 analysis because of the small sample size. Statisti
 cally significant associations differentiate the
 pottery according to surface treatment and biotite
 content. Biotite, as a mineral inclusion, probably
 results from crushing fired granite used as temper.

 This is in keeping with ethnographic accounts
 (Gilmore 1925:286-287; Wilson 1977:102). Among

 many mineral inclusions are hematite masses. These

 were also noted in the preliminary evaluation prior
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Kay, M. et al. 2000. Helb Site pots: is it Huff or Memorex? Plains Anthropologist 45(173): 323–330.



Speakman, R.J. 2000. Change in Mandan and Hidatsa pottery at Slant Village (32MO26). 
Paper presented at the 2000 Annual Meeting of the Society for American Archaeology, 
Philadelphia, PA.

• Central North Dakota
• Two broad compositional groups
• Distinguished primarily by differences in transition-

metal ratios
• Each appears to be broadly associated with clays of 

distinct geological origins
• Alluvial (M/H-1)
• Residual (M/H-2)

• Little correlation 
with wares, villages, etc.



• South Dakota
• Crow Creek & Scalp Creek
• Big Sioux River
• Some pieces similar to Central Plains
• All distinct from central

North Dakota materials

Speakman, R.J. and M.D. Glascock. 2004. Instrumental Neutron Activation Analysis of Plains Village 
Pottery from South Dakota and Nebraska. Prepared by the MURR Archaeometry Laboratory. 
Prepared for C. Nepstad-Thornberry, UC-Boulder.



• Archaeological clays
• Two groups defined on the basis of Hf and U
• No comparison to archaeological pottery

• Archaeological clays grouped 
together

• Geological clays grouped 
together

Ferguson, J. R. and M.D. Glascock. 2007. Instrumental Neutron Activation Analysis or [sic] Raw and 
Archaeological Clay Samples from Central North Dakota. Prepared by the MURR Archaeometry 
Laboratory.  Prepared for M.D. Mitchell, UC-Boulder.





Smith, D.B. et al. 2014. Geochemical and Mineralogical Maps for Soils of the Coterminous United States. USGS OFR2014-1082.
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Modeling Ceramic 
Compositions

Wherein
𝑖 is the abundance of a particular element
𝑆	is the modeled ceramic
𝑃 is the proportion of temper (by mass)
𝑇 is the temper
𝐶 is the clay

𝑆'	=	 𝑃×𝑇' 	+	 [1 − 𝑃]×𝐶'

Hector Neff, Ronald L. Bishop, and Edward 
V. Sayre, “A simulation approach to the 
problem of tempering in compositional 
studies of archaeological ceramics,” Journal of 
Archaeological Science, 15 (1988), 159–172.

Hector Neff, Ronald L. Bishop, and Edward 
V. Sayre, “More observations on the problem 
of tempering in compositional studies of 
archaeological ceramics,” Journal of 
Archaeological Science, 16 (1989), 57–69.



.25	×	500 	+	 .75	×	1000 = 875

Modeling Ceramic 
Compositions

• Temper:clay ratio of 1:3 (25% temper)

• Temper: 500 ppm; Clay: 1000 ppm
• Results in 875 ppm pottery

• Point estimates between end-members
• Assumes uniformity in temper:clay ratio
• Does not consider variation in both components
• Does not consider analytical uncertainty 



Modeling Ceramic 
Compositions

• 𝑃 is sampled from a 
truncated normal 
distribution defined by
• µ (average amount of temper 

added)
• σ (variation in temper:clay 

consistency)

𝑆'	=	 𝑃	×	𝑇' 	+	 [1 − 𝑃]	×	𝐶'



Modeling Ceramic 
Compositions

• Means and covariation 
matrices are determined from 
analyses of multiple clay and 
temper specimens
• Multivariate-normal 

distributions are produced for 
each component

𝑆'	=	 𝑃	×	𝑇' 	+	 [1 − 𝑃]	×	𝐶'



Modeling Ceramic 
Compositions

• Simulated tempers and clays 
within these distributions are 
generated producing possible 
compositions for each

𝑆'	=	 𝑃	×	𝑇' 	+	 [1 − 𝑃]	×	𝐶'



Modeling Ceramic 
Compositions

• 𝑃, 𝑇, 𝐶 are sampled from 
the respective distributions 
to produce n possible 
ceramic compositions

𝑆'	=	 𝑃	×	𝑇' 	+	 [1 − 𝑃]	×	𝐶'





Recommendations

• Pottery from Middle Missouri Tradition sites to 
complement extant Coalescent ceramic data
• Clay sampling
• Archaeological clays
• Consider and record geological context
• Workability and textural studies: is it usable?

• Temper sampling
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