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ABSTRACT
Late precontact- and contact-period sites often produce 
multiple sources of chronological information, including 
stratigraphy, radiocarbon dates, European trade goods, 
and pottery seriation patterns. In this article, we describe a 
step-by-step approach to incorporating such information 
in an OxCal-based Bayesian chronology model, with 
special emphasis on incorporating trade-good dating into 
radiocarbon-based modeling. The Middle Grant Creek 
site in Illinois is an American Indian site that has yielded a 
number of European copper and brass trade goods along 
with extensive ceramic, faunal, floral, and lithic artifacts. Our 
modeling addresses issues resulting from an inversion in the 
radiocarbon calibration curve during the late precontact 
period and produces surprisingly different results depending 
on the boundary conditions applied to the model. We consider 
the probabilities produced by the models, propose the 
most likely chronology for Middle Grant Creek, and provide 
detailed OxCal scripts and examples that other researchers 
may adapt to their circumstances and preferences. We also 
describe lessons learned related to chronological modeling 
of sites where the radiocarbon curve contains significant 
inversions.
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The occupation dates of late precontact and early colonial period sites in North 
America are often estimated using a variety of evidence, including historical in-
formation, pottery seriations, manufacture and import dates for introduced Euro-
pean goods, site stratigraphy, and increasingly, radiocarbon dates on excavated 
organics. Usually, each form of evidence is considered, and then the evidence is in-
formally weighed and combined to produce an occupation date estimate. This is a 
straightforward and reasonable approach. However, recent work has shown that 
additional insight may be obtained by integrating chronological data into a more 
formal model using OxCal scripts (Lulewicz 2018; Thompson et al. 2019, 2020). 
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The Bayesian statistical approach employed by OxCal (Bronk Ramsey 2009a) may 
then use the modeled chronological information to produce a more quantitative 
and statistically reliable estimate of the site occupation dates than was previously 
available. This process also forces the analyst to assess the reliability and suitabil-
ity of each piece of evidence, documents each assumption, and produces a rough 
assessment of the reliability of the model itself (in the form of OxCal agreement 
indices). On the other hand, modeling the full suite of chronological information 
for a particular site may not be straightforward, and a poor model that produces 
incorrect results is misleading and, in fact, worse than no model at all. Further-
more, modeling tends to obscure the chronological argument in a haze of termi-
nology and programming scripts.
	 This article describes our attempt to model the full suite of chronological infor-
mation available for Middle Grant Creek (MGC), a site located near the Kankakee 
and Des Plaines Rivers southwest of what is now Chicago, Illinois (Figure 1). Rather 
than simply present the outcome of the modeling as is commonly done (i.e., Lule-
wicz 2018; Thompson et al. 2019, 2020), we build up the model step by step, incor-
porating an additional type of chronological information with each step and then 
evaluating its impact on the model and the chronological understanding of the 
site. This approach allows us to improve our understanding of which chronological 
data are important in establishing the chronology and how the different types of 
data influence each other within the model. We also provide a detailed description 
that allows other researchers to evaluate our model and potentially adopt a similar 

Figure 1. Location of the Middle Grant Creek (MGC) 
site, with the modern primary channels of rivers men-
tioned in the text.
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approach for other archaeological sites. All OxCal scripts, relevant OxCal output, and 
related spreadsheets used in our analysis are provided in supplementary files.

The Middle Grant Creek Site

Middle Grant Creek (11WI2739) is an Indigenous late precontact period1 agricul-
tural village located between a restored wetland to the west and restored prairie 
to the east at Midewin National Tallgrass Prairie (McLeester and Schurr 2020). A 
Euro-American farmstead was located at the southern end of the site during the 
nineteenth and early twentieth centuries until the area was incorporated into the 
U.S. Army Joliet Arsenal in the 1940s. Midewin National Tallgrass Prairie was estab-
lished in 1996 after the arsenal was decommissioned (McLeester et al. 2022). We 
interpret Middle Grant Creek as an agricultural village based on the high density 
of crops (notably maize) in the macrobotanical record, the agricultural and crop 
processing tools recovered in excavation, and the large number of storage pits at 
the site, which could have stored enough maize to support at least 150 people 
for a decade (McLeester and Schurr 2020; Schurr et al. 2021). Although no dwell-
ings have been identified at the site, aerial images (McLeester et al. 2018) and a 
soil resistivity anomaly (Schurr et al. 2021) consistent with a Huber phase house 
indicate possible structures. Extensive earthmoving activities at the site may have 
destroyed shallow house basins (Schurr et al. 2023).
	 Excavations and geophysical surveys indicate that Middle Grant Creek is 3.4 
ha to 20 ha in size and contains hundreds of refilled storage pits that appear to 
be organized in geographic clusters (Figure 2; Haas et al. 2012; Schurr et al. 2021). 
Three of the clusters have been designated “East,” “West,” and “Night Bunker East” 
(NBE) based on their geographic locations. A fourth cluster is referred to as “2006” 
because one pit feature in the cluster was excavated during a Phase II project 
conducted in 2006 (Haas et al. 2012). Based on its geographic position, the 2006 
cluster may in fact be a part of the West cluster; we will evaluate this below us-
ing chronological information. Aside from the 2006 feature, all other storage pit 
feature data and locations were identified using magnetometry and excavation. 
We estimate that there are about 91 subterranean features within the surveyed 
area of the site (Schurr et al. 2021). Seventeen features have been fully or partially 
excavated. Those features identified as storage features had an average depth of 
156 cm below the current surface and are unusually large for this period. Nearly 
all features show multiple refill episodes (McLeester and Schurr 2020; Schurr et al. 
2021). All excavated features contain a mix of artifacts—such as pottery, lithics, 
faunal remains, and macrobotanicals—typical of late-precontact Indigenous sites 
in this region; however, the quantities of each vary significantly by pit.
	 When a pit feature was identified during excavation, it was cross-sectioned by 
removing one half in arbitrary10 cm thick layers. This created a profile of the cross 
section that was documented. The unexcavated half was then removed in strati-
graphic levels. Soils were screened through 6.3 mm (1/4-inch) mesh and flotation 
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samples were collected from levels and strata, with additional samples from levels 
and strata that contained visible botanical remains.
	 All artifacts used in this analysis were recovered from the refilled storage pits. 
Most ceramics suggest that Middle Grant Creek was a Huber phase site within the 
Oneota Tradition, the terminal precontact archaeological phase in the region, which 
is typically dated to 1500 CE to 1670 CE (McLeester and Schurr 2020). The beginning 
and end of the late precontact period in the region have not been clearly estab-
lished. We use 1500 CE for the beginning as an early estimate to accommodate the 
first appearance of European trade goods sometime in the sixteenth century and 
1670 CE as a terminal date because of the apparent absence of Huber occupations 
when the French entered the region (see Model 7 discussion below). Maize kernels 
were the most abundant macrobotanical remains recovered and were located in 
most pits, along with a mix of cultivated and collected botanical remains. Faunal 
material included a mix of bones, freshwater shell, and fish scales; all of these were 
abundant at the site. Together the macrobotanical and faunal remains indicate a 
mixed subsistence strategy centered on maize agriculture, with the utilization of 
wild plant resources combined with animal procurement in multiple environments, 
especially wetlands (McLeester et al. 2022). Of particular interest is a marine shell, 
likely originating along the west coast of Florida, and evidence of marine shell pro-
cessing on-site (McLeester et al. 2019). A number of small brass, copper, and iron 
pieces of European origin were also recovered (Table 1), along with one Period 2 

Figure 2. Map of MGC showing the general extent and clustering. Excavated features included 
in this article are also identified.
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Table 1. Radiocarbon Dates and European Trade Objects from Middle Grant Creek.

Artifact Id Materiala

14C age 
(BP) ± 1σ Location Cluster Feature

Level or 
Zoneb

210 SEC 2006 Excavation 2006 1 E
213 brass 2006 Excavation 2006 1 H
232 brass 2006 Excavation 2006 1 PP 12
226 brass 2006 Excavation 2006 1 PP 6
D-AMS 032854 maize cupule 275 25 2006 Excavation 2006 1 unknown
D-AMS 032855 maize cupule 385 30 2006 Excavation 2006 1 unknown
423.01 SEC E 102-103 N 137-138 East 1 5
423.02 brass alloy E 102-103 N 137-138 East 1 5
422 SEC E 102-103 N 137-138 East 1 6
D-AMS 032848 maize kernel frag. 415 25 E 102-103 N 137-138 East 1 7
D-AMS 038001 maize kernel frag. 400 25 E 102-103 N 137-138 East 2 3
1320 SEC E 100-102 N 136-138 East 3 5
1340 blue glass bead E 100-102 N 136-138 East 3 6
D-AMS 032849 maize kernel frag. 370 20 E 100-102 N 136-138 East 3 8
D-AMS 032850 maize kernel frag. 355 35 E 100-102 N 136-138 East 3 8
1328.02 SEC E 100-102 N 136-138 East 3 12
421 brass E 104-106 N 153-155 East 4 10
1324.01 SEC E 104-106 N 152-153 East 4 10
1324.02 SEC E 104-106 N 152-153 East 4 10
D-AMS 032846 maize kernel frag. 310 40 E 104-106 N 153-155 East 4 10
D-AMS 032847 maize kernel frag. 310 30 E 104-106 N 153-155 East 4 10
D-AMS 032851 hazel nutshell 295 25 E 104-106 N 152-153 East 4 10
1332 SEC E 104-106 N 152-154 East 4 15
UCI 198868 maize kernel frag. 345 15 East 4 12
1329 SEC E 106-108 N 158-160 East 5 4
D-AMS 032852 maize cupule 330 25 E 106-108 N 158-160 East 5 7
D-AMS 032853 Prunus sp. seed 290 20 E 106-108 N 158-160 East 5 13
2076 brass E 102-104 N 144-146 East 6 3
1336 SEC E 102-104 N 144-146 East 6 5
2077 SEC E 102-104 N 144-146 East 6 7
2071 SEC E 102-104 N 144-146 East 6 8
2078 brass E 102-104 N 144-146 East 6 8
2072 SEC E 102-104 N 144-146 East 6 9
2079 SEC E 102-104 N 144-146 East 6 9
2081 SEC E 102-104 N 144-146 East 6 10
D-AMS 038002 maize kernel frag. 380 25 E 102-104 N 144-146 East 6 10
3513 SEC E 102-104 N 144-146 East 6 14
3516 SEC E 102-104 N 144-146 East 6 16
D-AMS 038003 maize kernel frag. 420 25 E 108-110 N 137-138 NBE 1 9
D-AMS 038009 maize cupule/

glume 
490 30 E 108-110 N 137-138 NBE 1 14

3924 brass E 178.5-180 N 124-125 NBE 3 3
D-AMS 038005 maize kernel frag. 410 35 E 85-86 N 132.5-134 West 10 Zone 10
D-AMS 038004 maize kernel frag. 420 30 E 85-86 N 132.5-134 West 10 Zone 2
D-AMS 038006 Phaseolus sp. seed 385 15 E 78-80 N 139.5-142 West 11 8
D-AMS 038007 maize kernel frag. 400 25 E 78-80 N 139.5-142 West 11 10
3528.01 SEC E 78-80 N 139.5-142 West 11 12
D-AMS 038008 Cucurbita sp. rind 395 25 E 78-80 N 139.5-142 West 11 10-11
3527 SEC E 83-85 N 128-130 West 12 11
3529 SEC E 83-85 N 128-130 West 12 Zone 6
D-AMS 038011 maize kernel frag. 435 35 E 83-85 N 128-130 West 12 Zone 11
D-AMS 038010 maize kernel frag. 410 30 E 86-87.5 N 133-135 West 13 13
a SEC: Smelted European copper; brass alloy artifact contains significant quantities of tin in addition to zinc.
b Larger layer numbers indicate lower layers.
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blue glass trade bead (McLeester and Schurr 2020). It is likely that the European ar-
tifacts arrived via down-the-line trade with other Indigenous groups rather than via 
direct contact with Europeans at Middle Grant Creek (McLeester and Schurr 2020).
	 Excavation and analysis thus have produced an abundance of chronological 
data relevant to Middle Grant Creek (MGC). This includes the following:

•	 a series of radiocarbon dates on short-lived organics
•	 stratigraphic relationships within the pit features
•	 historical information related to American Indian occupations in the region
•	 ceramic seriation
•	 a glass bead of European origin
•	 brass and smelted copper artifacts of European origin

Relevant aspects of each of these data sets will be described in detail below as 
they are incorporated into the modeling.

Model 1: Basic Radiocarbon

We begin by examining the available radiocarbon data in isolation. Twenty-two 
radiocarbon dates are available from MGC pits (see Table 1). All were obtained from 
maize kernels or other short-lived plant material using accelerator mass spectrom-
etry (AMS). One additional radiocarbon date from MGC is based on the marine 
shell (McLeester et al. 2019). It is not possible to directly compare the radiocar-
bon dates of samples from terrestrial and marine environments because of the 
marine reservoir effect (expressed as ΔR), which causes marine samples to date 
earlier than contemporaneous terrestrial ones that obtain their carbon from the 
atmosphere. Radiocarbon dates from marine carbonates must be corrected for the 
reservoir effect, which is highly variable depending on local environmental condi-
tions (Hadden et al. 2023). Although the marine shell was probably obtained from 
somewhere on the west coast of Florida (McLeester et al. 2019), published ΔR data 
are variable over such a large region and are too imprecise for this analysis.
	 One of the challenges of using radiocarbon dates during the sixteenth and 
seventeenth centuries is that there are a number of inversions of the radiocarbon 
calibration curve within that time frame. Figure 3 shows an example calibration 
using the average of the 22 MGC radiocarbon dates, a typical standard deviation, 
and the calibration curve. We emphasize that averaging uncalibrated dates is not 
an appropriate means of evaluating chronology; instead, we use it simply to gain 
an understanding of the significance of the calibration inversion during our pe-
riod of interest. Note that there is a large calibration inversion creating a bimodal 
probability distribution and that about 65% of the calibrated period falls in the 
early “hump” of the two-mode calibration, with about 30% in the later hump. This 
will be of interest below when we evaluate our models. The remaining 5% of the 
probability curve falls outside or between the two main humps.
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	 All radiocarbon dates were calibrated using the IntCal20 calibration curve (Rei
mer et al. 2020) using OxCal v4.4 (Bronk Ramsey 2009a). Each radiocarbon date 
was assigned a 5% probability of being an outlier, with the outlier model set to

Outlier_Model(“RCOutlier”,T(5),U(0,4),“t”)

where RCOutlier is the name of the model, T(5) indicates that the outlier distri-
bution is the Student’s t distribution with 5 degrees of freedom, U(0,4) indicates 
scaling of up to 1,000 years, and “t” indicates it is a potential time outlier. This is a 
widely used standard outlier model for radiocarbon dates from short-lived mate-
rials, as recommended by Bronk Ramsey (2009b). Allowing for potential outliers 
provides the model with the statistical flexibility to deal with uncertainty beyond 
that of the date measurement and calibration curve. That is, it allows the model 
to compensate for dates that do not otherwise fit the model, such as happens 
with minor stratigraphic inversions. When outlier compensation is performed by 
OxCal, it degrades the model agreement index and can cause the model to fail 
(more on this below).
	 The Basic Radiocarbon model is simply a list of the 22 radiocarbon dates (with 
outlier modeling) within a single phase.2 (Note that an OxCal “phase” is different 
from phase as used in cultural historical or pottery sequences; it simply indicates 
that the items within the phase do not have known chronological relationships 
with each other.) The resulting plot in Figure 4 shows the modeled calibrated ra-
diocarbon distributions (also known as the posterior distributions), as well as their 

Figure 3. Example radiocarbon dates across a calibration inversion. Uses the average of uncali-
brated radiocarbon dates from Middle Grant Creek and a typical standard deviation.
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likelihood distributions.3 The modeled radiocarbon distributions are all situated 
in the early (left) part of their likelihood distributions. We believe that this is a re-
sult of having about 65% of the average distribution in the earlier portion of the 
calibration inversion. Having so many dates and a “heavy” early portion causes 
the statistical inference that the earlier dates (predating about 1550 CE) are more 
likely to be correct than the later dates, so all the modeled dates are “pulled” to the 
early part of their likelihoods. Thus, the site occupation is shown to be earlier than 
a casual look at the calibrated radiocarbon dates might suggest.
	 Just how early can be examined via the modeled overall site distributions 
MGC Start and MGC End (see Figure 4). The probabilities indicated by such distri-
butions, however, can be difficult to grasp based only on their posterior curves. 
Therefore, we present distributions by showing plots of summation under the 

Figure 4. Basic Radiocarbon 
model results. Includes 22 
radiocarbon dates as one 
group (or “phase” in OxCal 
terminology) but no other 
chronological information.
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posterior curves (Figure 5). These show the probability that Middle Grant Creek 
started (or ended) by a certain year, assuming the model correctly represents the 
situation.4

	 A note is needed about the probabilities discussed here. Those researchers ac-
customed to working with single calibrated radiocarbon dates or Student’s t tests 
and similar frequentist statistical tools have a tendency to use 95% or 2σ regions 
to characterize a distribution. That is appropriate and even necessary with such 
tools. However, the posterior probabilities in Figure 5 represent actual computed 
probabilities and incorporate calibration and modeling uncertainties; they are not 
the probability that an outcome may occur by chance but rather the actual prob-
ability of an event. Therefore, when using these posterior distributions, we use 
different ranges and terminology to describe the distributions. We term the 50% 
probability date—the year in which there is a 50% chance a site or cluster had 
started by then and a 50% chance that it started later—as the “most likely” start 
date. Similarly, the 20% and 80% dates are termed the “early” and “late” dates, re-
spectively. All probabilities are included in the provided data and figures, so other 
analysts can choose probabilities and terminology that suit their preferences.
	 The most likely Middle Grant Creek start and end dates in this model are 1435 
CE and 1548 CE, respectively (see Figure 5; Table 2). These dates—especially the 
end date—are surprisingly early for a site with abundant Huber pottery and 
European-origin artifacts. Nevertheless, assuming the model was implemented 

Figure 5. Basic Radiocarbon model of MGC start and end dates. Curves obtained by integrating 
under the MGC Start and MGC End curves in Figure 4. See the supplementary file set for the 
model script, output data, and calculations.
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correctly and OxCal computed the resulting distributions correctly, those are the 
correct dates for a radiocarbon-based chronology. The dates using this model 
would raise complex questions about the site, the dating of the Huber phase, 
and our understanding of the late precontact period. Fortunately, we have ad-
ditional chronological information that can be incorporated into the model.
	 Note also that the modeled duration of occupation (i.e., the gap between the 
start and end curves in Figure 5) appears to be only about 110 years and is fairly 

Table 2. Modeled Start and End Dates for MGC and Its Clusters.
Started by (Year AD) Ended by (Year AD)

20% 50% 80% 20% 50% 80%

MGC or Cluster Early date
Most likely 

date Late date Early date
Most likely 

date Late date

Basic Radiocarbon Model (Amodel = 127)

MGC 1426 1435 1443 1536 1548 1571

Radiocarbon with Clusters and Stratigraphy Model (Amodel = 155)

MGC 1377 1409 1427 1555 1584 1632
NBE 1413 1429 1440 1450 1465 1495
East 1447 1462 1480 1534 1554 1583
West 1444 1452 1460 1462 1470 1480
2006 1447 1481 1516 1531 1550 1583

Bounds Added Model (Amodel = 154)
MGC 1376 1407 1426 1558 1590 1645
NBE 1413 1428 1439 1450 1465 1496
East 1446 1461 1479 1537 1557 1590
West 1444 1452 1460 1462 1470 1480
2006 1446 1482 1519 1532 1553 1591

Bead Added Model (Amodel = 138)

MGC 1350 1389 1416 1628 1661 1717
NBE 1401 1422 1435 1453 1474 1521
East 1445 1467 1567 1607 1623 1638
West 1442 1451 1459 1463 1471 1481
2006 1433 1478 1533 1553 1599 1649

Metal Added Model (Amodel = 34)

MGC 1591 1598 1603 1605 1610 1620
NBE 1597 1602 1605 1602 1605 1610
East 1597 1601 1605 1602 1606 1610
West 1598 1602 1605 1602 1605 1609
2006 1598 1603 1607 1602 1607 1615

Revised Metal Model (Amodel = 90)

MGC 1356 1393 1418 1642 1666 1712
NBE 1400 1421 1435 1467 1594 1644
East 1591 1597 1602 1606 1612 1620
West 1447 1592 1602 1478 1605 1612
2006 1574 1595 1610 1621 1634 1648

Tight Bounds Model (Amodel = 79)

MGC 1587 1598 1603 1605 1610 1625
NBE 1596 1602 1605 1602 1606 1612
East 1597 1602 1605 1602 1606 1611
West 1598 1602 1605 1602 1605 1609
2006 1598 1603 1607 1603 1607 1618
Note: Amodel is the agreement index produced by OxCal; values over 60 are considered acceptable (Bronk 
Ramsey 2009a). Aoverall is not reported because Amodel is the preferred index for OxCal v4 (Bronk Ramsey 
2009a). 
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consistent across a wide range of probabilities. This can be quantitatively evalu-
ated using the OxCal Span command (Supplemental Figure S2). The most likely 
span is 112 years, with short and long spans of 95 and 140 years, respectively. This 
is despite the fact that the unmodeled calibrated radiocarbon ranges in Figure 4 
cover more than 250 years. This demonstrates the power of multiple radiocarbon 
dates and the Bayesian model to reduce the uncertainty inherent in a calibration 
curve inversion.

Model 2: Radiocarbon with Stratigraphy and Clusters

The stratigraphy of refill episodes within the storage pits at Middle Grant Creek 
allows relative sequencing of artifacts recovered from a particular pit. While the 
stratigraphy at MGC appears to be largely intact, there is always the possibility that 
some dated artifacts were displaced from their original stratigraphic contexts or 
that the refill contained older elements within it. This could result in chronological 
inversions that decrease a model’s OxCal agreement index; this will be discussed 
below where appropriate. This second model incorporates that stratigraphy, us-
ing the feature and layer information in Table 1. The model also incorporates the 
clustering of pit features in Table 1, which will provide insight into whether the 
clusters were simultaneously or sequentially refilled. The model script along with 
OxCal output is provided in supplemental folder RCwithStrat.
	 The most likely MGC start date for this model is 1409 CE, while the most likely 
end date is 1584 CE (see Table 2). Compared to the previous model, the start date 
is earlier and the end date is later. This may be due to the addition of stratigraphy 
to the model, but it may also be an artifact of having added clusters to the model. 
Incorporating the multiple boundary conditions necessary for dating the clusters 
adds a sort of modeling uncertainty. This modeling uncertainty is likely responsi-
ble for the gaps between the MGC start and the start of the earliest cluster, as well 
as the gap between the MGC end and the end of the latest cluster (Figure 6).
	 Regarding the cluster ordering, it appears that the NBE cluster starts earliest 
and may end earliest as well, though there is a substantial overlap with the West 
cluster end. This may be quantitatively assessed using the OxCal Order command; 
there is a 25% chance that NBE ends before West starts.5 Otherwise there is much 
overlap among the clusters (see Figure 6). This model suggests the site was not 
produced by the sequential creation of different clusters.

Model 3: Bounds Added

Middle Grant Creek has abundant Fine Trailed ceramics and 92% of ceram-
ics have plain surfaces, which places it within the Huber phase (McLeester and 
Schurr 2020). Ten out of 5,876 shell-tempered sherds (0.2%) are possibly Medium 
Trailed ceramics, which suggests a possible small component from an earlier 
phase termed Late Fisher.6 No Early Fisher ceramics were recovered, so the end 

02_MCJA 48_2 Fenner.indd   1102_MCJA 48_2 Fenner.indd   11 11/1/23   5:10 PM11/1/23   5:10 PM



12    MIDCONTINENTAL JOURNAL OF ARCHAEOLOGY

of Early Fisher provides a terminus post quem (TPQ) date for the site. Early Fisher 
is thought to have started in the late twelfth century CE and ended around 1350, 
though these dates are debated (Emerson 2017). We therefore use a uniform dis-
tribution spanning 1250 CE to 1350 CE as a conservative TPQ date range.
	 A Government Land Office Public Land Survey conducted in the area between 
1821 and 1838 makes no mention of an American Indian village in the Middle 
Grant Creek area (McLeester and Schurr 2020). While Huber sites were probably 
long since abandoned by that time, we use a uniform distribution from 1821 to 
1838 as a very conservative terminus ante quem (TAQ) date range.
	 The model and its results are provided in the supplemental folder Bounds
Added. Adding TPQ and TAQ dates had little effect on the model output ex-
cept to shorten low-probability dates for the start of MGC (see Table 2; Figure 7). 
This was expected because the TPQ and TAQ date ranges are largely outside the 
high-probability start and end ranges of Model 2. We explore the impact of less 
conservative TPQ and TAQ assumptions later in this analysis.

Model 4: Bead Added

As noted previously, a blue glass trade bead was recovered from Middle Grant Creek 
(McLeester and Schurr 2020). It was recovered from East cluster Feature 3, layer 6 
(see Table 1). It is consistent with beads from Glass Bead Period 2; Fitzgerald and 
colleagues (1995) date the import of such beads to between 1600 CE and 1630 CE. 
While OxCal modeling usually only uses radiocarbon and stratigraphic information, 

Figure 6. Radiocarbon with stratigraphy and clusters model start and end date curves. Start-
date curves are dotted lines, while end-date curves are not dotted.
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nonradiocarbon date information can be included in an OxCal model, and thus, it is 
possible to incorporate artifacts with known manufacture or import dates. We use a 
uniform distribution from 1600 CE to 1630 CE to represent the glass bead:

Date(“Glass Bead”,U(AD(1600),AD(1630)))

	 As with radiocarbon dates, an outlier model is assigned to the bead. Given the 
uncertainty associated with the introduction of European-origin materials in the 
area, we assign a 10% probability of the bead being an outlier. Because postcontact 
materials have a restricted possible time frame for appearing in American Indian 
sites and all artifacts were recovered from pit features that minimize stratigraphic 
displacement, we use an outlier model that restricts the potential offset to 100 years, 
using a normal distribution with a mean of zero and a standard deviation of 100:

Outlier_Model(“NonRCOutlier”,N(0,100),0,”t”)

This provides OxCal with the flexibility to shift modeled nonradiocarbon dates 
(using a model averaging approach to explore combinations of potential outliers) 
but only within a fairly narrow range (Bronk Ramsey 2009b). Of course, too much 
shifting reduces the OxCal agreement index, which may invalidate the model.
	 The model and its results are provided in the supplemental folder BeadAdded. 
The East cluster start curve is essentially the same as that of the previous model 
until a deviation starts at about 1500 CE and the curve bends to the right (Figure 
8B, orange arrow). This corresponds to the transition between modes in the East 
Start plot (Figure 8A, gray arrow). We interpret the presence of the second mode 

Figure 7. Bounds Added model start- and end-date curves.
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to be due to the bead date range “pulling” the Feature 3 radiocarbon dates to the 
right, which in turn has a similar but less strong pull on other East cluster dates. 
This pull, however, is not powerful enough to affect the curve until the influence 
of the left modes of the radiocarbon dates is reduced, which happens around 
1500 CE. Similar impacts will be apparent when metal artifacts are added to the 
model. The most likely MGC start date for this model is 1389 CE, while the most 
likely end date is 1661 CE (see Table 2).

Model 5: Metal Added

Thirty-nine metal artifacts and fragments were recovered from Middle Grant 
Creek, 28 of which are used in this analysis (see Table 1).7 The composition of the 
artifacts, obtained with laser ablation-inductively coupled plasma-mass spec-
trometry (LA-ICP-MS) analysis, indicates that 6 of the 27 are brass, 1 is a brass al-
loy containing tin in addition to zinc, and 20 are smelted European copper. More 
details on the use of LA-ICP-MS to characterize copper-based artifacts found in 
North America is available in Dussubieux et alia (2008).
	 Fitzgerald and colleagues (1993) argue that European copper trade goods 
only became widespread in eastern North America with the expansion of the 
beaver-pelt trade after 1580 CE and that brass import began around 1600 CE. We 
have therefore modeled the date of each copper artifact as a normal distribution 
with a mean of 1600 CE and a standard deviation of 20 years. Each brass artifact is 
also modeled as a normal distribution, with a later mean of 1620 ± 20 years. This 
provides about a 10% chance each that a copper artifact dates before 1575 CE or 
after 1625 CE and a brass artifact before 1595 CE or after 1645 CE (Supplemen-
tal Figure S3). Note that, given the relatively early radiocarbon dates from MGC, 
the end dates of these distributions are less important than the start dates. Each 
metal artifact was assigned the same outlier probability and model as described 
for the glass bead in Model 4. The resulting OxCal model and its output are pro-
vided in supplemental folder MetalAdded.
	 This model produced an OxCal agreement index Amodel of 34 (see Table 2). The 
usual Amodel minimum for an acceptable model is 60 (Bronk Ramsey 2009a), and all 
previous MGC models have Amodel values above 100. The Metal Added value of 34 
indicates that, for OxCal calculations to converge on a valid result, the program 
had to shift individual date ranges an unacceptable amount and indicates a prob-
lem either with some dates or the model itself. We therefore rejected the Metal 
Added model and examined the agreement index (A) values for individual dates 
to identify specific problems.8

	 While there are 11 artifacts with individual agreement index values below 60, 
this is in itself not necessarily a problem for a model with 51 dated artifacts. The 
low A values are, however, good indicators of which artifacts to examine for is-
sues. There are several low A values grouped in West cluster Features 10 through 
12, and an examination of the dates indicates that one artifact is clearly out of 
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stratigraphic order, perhaps as a result of a feature fill episode consisting of rede-
posited materials. In Feature 11 layer 12, a copper artifact was found below three 
nearly identical and probably earlier radiocarbon dates. We therefore removed 
the Feature 11 layer 12 copper artifact from the model.
	 Radiocarbon date D-AMS 032853 found in East cluster Feature 5 layer 13 has 
a very low A value of 4. Examination of its likelihood and posterior distributions 
showed that OxCal had shifted its date range to the empty space between the 
two “humps” of its probability distribution (Supplemental Figure S4). We therefore 
also removed this date from the model.

Model 6: Revised Metal

The revised model with the two dates removed and its output are provided in 
supplemental folder RevisedMetal. The revised model’s Amodel is 90, which indi-
cates it is a valid model. This model incorporates all currently available chronolog-
ical information while using conservative boundary conditions and, in that sense, 
may be considered to provide the best Middle Grant Creek chronology.
	 Using this model, MGC has a most likely start date of 1393 CE and an end date 
of 1666 CE (see Table 2). It is clear from the distribution curves that the MGC start 
date is driven by the NBE cluster start date (Figure 9). NBE may also end before 
the other clusters start; there is a 33% chance that the NBE cluster ends before 
the West cluster begins and a 51% chance it ends before either of the other two 
clusters start.9 We also note that the 2006 cluster tends to be later than other clus-
ters (see Figure 9). Quantitatively, there is a 47% chance that the West cluster ends 
before the 2006 cluster starts, which supports treating the 2006 features as con-
stituting a different cluster than the West cluster.10

	 It is interesting that the West and NBE clusters in this model have “bent” curves 
and bimodal distributions (similar to those of the East cluster after the glass bead 
was added in Model 4), while the East and 2006 clusters have smooth curves. The 
West and NBE clusters have more radiocarbon dates than metal dates, while the 
other two clusters have more metal than radiocarbon dates. (Or to put it another 
way, the West and NBE clusters have a lower abundance of European-derived arti-
facts than the other two clusters.) Thus, in the West cluster, the early “humps” of the 
radiocarbon distribution have more influence in the early years, but the radiocarbon 
dates are eventually dragged into their later humps by the influence of the metal 
dates (Supplemental Figure S5). In the East and 2006 clusters, the more abundant 
metal immediately drags the radiocarbon distributions into their later humps. The 
narrowness of the later radiocarbon humps is likely the reason the gaps between 
the cluster start and end dates are so small, particularly for the East cluster.
	 The span of occupation (or more precisely, the span represented by the dated 
materials) is between 458 and 598 years, with a mostly likely (50% probability) 
span of 530 years (Supplemental Figure S6). This represents the probable time pe-
riod between the start and end dates but does not imply a continuous occupation.
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Model 7: Tight Bounds

To this point, we have used the very conservative (i.e., loose) boundary conditions 
discussed for Model 3. Here we evaluate the impact of using less conservative but 
reasonable boundary conditions. The TPQ date range of 1250 CE to 1350 CE was 
based on the end of the Early Fisher phase. Because only 10 possible Late Fisher 
sherds were found among 5,895 sherds—and they might in fact be Huber sherds 
(see Note 6)—a TPQ date within the Late Fisher range may be more appropriate. 
In this model, we use a uniform distribution spanning 1350 CE to 1400 CE as the 
TPQ date range.
	 The TAQ date range was based on a postcontact land survey that started in 
1821, but Europeans were in the area much earlier. Marquette and Joliet canoed 
up the Des Plaines River (about 6 km from the MGC site) in 1673, and Marquette 
traveled the same river twice in 1675 without mentioning or mapping an Amer-
ican Indian village in the area (Marquette 1966). Perhaps more significantly, La 
Salle’s expedition down the Kankakee River in 1679 passed about 4 km from MGC 
without locating any American Indian villages, despite expedition members hav-
ing been eager to find one due to a food shortage (Anderson 1901).11 Europeans 
continued to visit the area, with La Salle making at least six more trips before 1684 
and Allouez continuing Marquette’s missionary work starting in 1677 (Delanglez 
1940; Thwaites 1901). In addition, Iroquois enemies of the local Illinois tribes were 
in the area by 1680, and a large Iroquois force mounted a six-day siege of Fort St. 
Louis (about 70 km from MGC on the Illinois River) in 1684 (Walczynski 2020). It 
seems unlikely that an American Indian village such as MGC could have existed in 

Figure 9. Revised Metal model start- and end-date curves.
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this time frame without having been noticed by Europeans or destroyed by the 
Iroquois. Furthermore, LA-ICP-MS composition analysis places the MGC blue glass 
bead within Walder’s (2018) “Co-colored Mg-low-P” type, which predates 1700 CE 
(Supplemental Table S2). In this model, we therefore use a uniform distribution 
spanning 1650 CE to 1700 CE as a TAQ date range. Except for the TPQ and TAQ 
date ranges, this model is identical to the Revised Metal model.
	 This model produced a surprising result that differs greatly from the Re-
vised Metal model12 (Figure 10). The MGC most likely start date shifts more than 
200 years, from 1393 CE to 1598 CE. In fact, the probability curves converge such 
that there is only a gap of about 38 years between the MGC early start date and 
its late end date.13 In essence, all the clusters converge for most of their prob-
ability distributions, with substantial variation confined to the low-probability 
start and end regions (see Figure 10). This is a dramatic departure from the pre-
vious model’s results and is produced by what seem to be minor changes to TPQ 
and TAQ ranges.
	 In all our models that incorporate cluster information, the MGC start date 
curve is clearly driven by the NBE cluster start date curve (see Figures 5–8). In the 
Revised Metal model, the NBE cluster start date curve is largely determined by 
the two radiocarbon dates rather than the one brass date. That is the expected 
behavior because the radiocarbon dates substantially predate the metal date and 
are from a different feature than the metal date. However, in the current Tight 
Bounds model, the early “humps” of the radiocarbon likelihood distributions are 
not used, and their posterior distributions are placed near the rightmost edge of 
their likelihood ranges, in line with the metal date (Supplemental Figure S7). This 

Figure 10. Tight Bounds model start and end dates.
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substantial shift is reflected in much lower A values for the two radiocarbon date 
distributions (18 and 30 in the Tight Bounds model vs. 96 and 108 in the Revised 
Metal model14). The overall Amodel value, however, remains acceptable at 79.
	 To better understand what caused the shift in the NBE start date, we ran a 
series of models with varying TPQ and TAQ date ranges (Table 3). An early TPQ 
range of 1250–1350 produced an early MGC start date (and curves resembling 
the Revised Metal curves in Figure 9) regardless of the TAQ date range. Similarly, 
a late TPQ range of 1350–1400 produced a late MGC start date (and curves re-
sembling the Tight Bounds curves in Figure 10) regardless of the TAQ range. It 
appears that a late TPQ tends to “push” the NBE radiocarbon dates off their early 
humps, causing the entire MGC model to line up closely with the metal dates. 
(This is despite the humps almost entirely postdating 1400 CE, the end of the 
TPQ range; see Supplemental Figure S8.) An early TPQ, on the other hand, allows 
the humps in the NBE radiocarbon likelihood distributions to have a strong im-
pact on the model.
	 However, using a medium TPQ range of 1325–1375 with an early TAQ range 
produced a late MGC start date, whereas using the same medium TPQ range with 
a late TAQ range produced an early MGC date (see Table 3). This indicates that the 
TAQ range does have an impact in cases where the TPQ range is on the borderline 
in its influence; in those cases, an earlier TAQ exerts a sufficient “pull” on the radio-
carbon distributions to cause them to shift off their early humps and line up with 
the metal date. Clearly, there are complex interactions at work within the OxCal 
model implementation.
	 While we have focused in this analysis on the NBE cluster as the driver of the 
MGC start date ranges, the NBE cluster model is not operating in isolation. In fact, 
a model that includes only the NBE cluster produces an early MGC start date even 
when using the Tight Bounds TPQ and TAQ ranges (Supplemental Figure S9). Thus, 
as expected for a Bayesian analysis, the entire model is interacting. It seems that 
the abundance of metal-based dates from outside the NBE cluster has some effect 
on how influential the metal-based date is within the NBE cluster.

Table 3. Model Results for a Series of TPQ and TAQ Date Ranges.

TPQ Timeframe TPQ Range
TAQ 

Timeframe TAQ Range
MGC 

Timeframe

MGC Most 
Likely Start 

Date Model

Early 1250–1350 Early 1650–1700 Early 1389 BoundsTest4
Early 1250–1350 Late 1821–1838 Early 1393 RevisedMetal
Medium 1325–1375 Early 1650–1700 Late 1598 BoundsTest1
Medium 1325–1375 Late 1821–1838 Early 1397 BoundsTest2
Late 1350–1400 Early 1650–1700 Late 1598 TightBounds
Late 1350–1400 Late 1821–1838 Late 1599 BoundsTest3
None None None None Early 1392 NoBounds
Note: The MGC Most Likely Start Date is the 50% probability date. All models with “early” MGC Most Likely 
Start Dates around AD 1390 have probability curves closely resembling the Revised Metal curves (see 
Figure 8), while those with “late” dates around AD 1598 have curves closely resembling the Tight Bounds 
curves (see Figure 9). See the Supplemental file set for detailed model specifications and results. Dates are 
year AD.

02_MCJA 48_2 Fenner.indd   1902_MCJA 48_2 Fenner.indd   19 11/1/23   5:10 PM11/1/23   5:10 PM



20    MIDCONTINENTAL JOURNAL OF ARCHAEOLOGY

Conclusions

Our stepwise model-building approach allows us to better document and interpret 
the impact of each set of chronological data. We began with a radiocarbon-only 
model, which produced a surprisingly early MGC end date of 1548 CE. With this 
model, the OxCal Bayesian algorithm consistently selected the earlier of the 
likelihood distribution “humps” caused by a large calibration curve inversion. 
Adding stratigraphy and boundary conditions gradually produced earlier MGC start 
dates and later end dates, though the earlier likelihood humps continued to be 
favored within most clusters. The inclusion of a single glass bead with an early 
seventeenth-century date resulted in neighboring radiocarbon-calibrated dates 
using their later likelihood humps, thus pushing the East cluster and MGC end dates 
out about 70 more years into the mid-seventeenth century. The start dates for all 
clusters remained surprisingly early.
	 Our initial attempt to add date information for 28 European metal artifacts re-
sulted in an unacceptable Amodel agreement index, indicating that the model was 
“broken.” That is, the model had internal conflicts that could not be resolved by an 
appropriate amount of date shifting within likelihood and outlier constraints. We 
used the individual date agreement indices to identify one metal fragment that 
appears to be out of stratigraphic sequence and one radiocarbon date that could 
not be acceptably incorporated into the model because its likelihood distribution 
happens to have a gap just where the model needs to place its posterior distribu-
tion. We therefore removed these two dates from the model.
	 The resulting model, termed the Revised Metal model, used the full suite of 
acceptable chronological information to quantitatively identify the start- and 
end-date ranges for Middle Grant Creek and its individual clusters. The MGC occu-
pation is shown to have most likely started around 1400 and ended around 1670, 
with the start of the NBE cluster likely predating the other clusters by about 170 
years (see Table 2). Further modeling, however, raised doubts about the Revised 
Metal model results.
	 The Revised Metal model used what we consider to be conservative boundary 
conditions: that is, boundaries that are wide enough to only impact low-probability 
regions of the date distributions. These conservative boundaries do not, however, 
seem to us to be the best representation of the current state of knowledge of Amer-
ican Indian occupation in the area. The TPQ date range seems too early based on 
the regional pottery sequence, and the TAQ date range seems too late given that no 
mention is made of a local American Indian village by early European explorers. A 
key strength of Bayesian analysis is its ability to incorporate such thinking into the 
model as prior information, so we reran the Revised Model using tighter boundary 
conditions that we believe more accurately represent the situation.
	 The Tight Bounds model produced a surprising result. Rather than a minor 
compaction of the MGC occupation span, the MGC start date is more than 200 
years later, and the overall MGC span is condensed into a short period around the 
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turn of the seventeenth century CE. Further modeling revealed that this result is 
produced by a complex interaction of boundary and model conditions.
	 So, which is correct? Was MGC—and particularly the NBE cluster—occupied 
for hundreds of years starting around 1400 CE, or was it a relatively brief occu-
pation focused on the turn of the seventeenth century? First, we would like to 
point out that both models may be correct: Both are probability-based results 
and low-probability events do occur. While we have been discussing “most likely,” 
“early,” and “late” dates, there is always the possibility that the occupation started 
and/or ended during low-probability portions of the posterior distribution curves. 
The only way to address this is to add more dates and constraints, thus making 
the low-probability regions even less likely (or, should the occupation actually be 
within the low-probability regions, making them more likely).
	 Archaeologists, however, are accustomed to confronting uncertainty and ac-
cepting probability-based scenarios as providing our best current understanding 
of the past. In our view, the model that best reflects the full suite of archaeological 
and historical information currently available for the Middle Grant Creek site is the 
Tight Bounds model. We, therefore, accept the Tight Bounds result and consider 
MGC to most likely be a fairly short occupation focused on the turn of the seven-
teenth century.
	 Several broader lessons may be drawn from our modeling. The first is that dat-
ing a late precontact site (or any site straddling substantial calibration curve inver-
sions) using radiocarbon dates alone may be misleading and that increasing the 
number of such dates may, in fact, make a model worse by increasing the weight 
assigned to a particular likelihood distribution hump caused by an inversion. 
Second, it is critically important to carefully consider all aspects of a chronology 
model—including boundary conditions or the lack thereof—and to undertake 
additional modeling as needed to understand the impact of alternate scenarios.
	 Finally, we would like to point out a concern that may arise whenever radiocar-
bon dates are modeled along with dates derived from nonradiocarbon sources, 
such as imported trade goods. As noted in the discussion of Model 6, an imbal-
ance in the number of each type of date affects which type dominates the re-
sult and in what time frame it does so. The number of trade good–based dates is 
largely determined by what the site produces during excavation (though different 
decisions may be made regarding which metal artifacts to include in the models; 
Supplemental Table S1). The number of radiocarbon dates, on the other hand, 
is determined by other factors, including the project budget and reporting time 
frame, the number of site features, and the level of interest in chronological pre-
cision. Short-lived organics are abundant at MGC, and we could have produced 
many more radiocarbon dates than metal dates. Note, however, that an imbal-
ance in radiocarbon and nonradiocarbon dates can only have a relative impact: It 
can affect the timing of when the probability distributions transition from less to 
more likely, but it cannot “drag” the dates outside their original likelihood ranges 
without degrading the Amodel value and, in effect, breaking the model. So, while 
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this is an important concern to keep in mind and bends in the curves such as 
are present for the West cluster in Figure 9 should be carefully considered, it is 
not fatal to the approach. After all, if the radiocarbon and nonradiocarbon dates 
cannot be reconciled, then they must be dating different things, such as differ-
ent site occupations. This possibility can be minimized by ensuring that there are 
radiocarbon dates scattered among the stratigraphy in a similar manner as with 
the nonradiocarbon artifacts. It is important to note the artifacts essential for the 
model (the short-lived botanicals, the bead, and the metal items) were collected 
by flotation processing, illustrating the importance of recovering small artifacts 
useful for chronological modeling.

Notes

	 1.	 The late precontact or protohistoric period is the time frame when European trade goods 
appear in a region but there is not yet a written historical record of local activities or other 
evidence of direct contact with Europeans. For the Chicago region, the first known writ-
ten record dates to 1673, when Marquette and Joliet passed within several kilometers of 
MGC on their way to Lake Michigan from the Mississippi. The earliest date for European 
trade goods in the region has not been determined, but it was probably sometime in the 
sixteenth century based on European activities on the Atlantic Coast.

	 2.	 See the OxCal code in supplemental file BasicRC/MGC_RCmodel_BasicRC.oxcal for de-
tails. Model output is provided in the same folder.

	 3.	 For those unfamiliar with such plots, see Supplemental Figure S1 and associated text.
	 4.	 For a straightforward example of how to perform this computation using “.prior” files 

downloaded from OxCal, see supplemental file MGC_RC_Cht_BasicRC.xlsx. Other such 
curves presented here were created using a combination of a spreadsheet and the R script 
CumulativeProb.R provided in the supplemental files.

	 5.	 Cluster probabilities for each model with clusters are provided in files named modelClus-
terProbabilities_Output.txt created by the ClusterPubs.R R script using data from OxCal’s 
Order command in files named MGC_Date_Order.csv. All files are provided in the supple-
mental file set.

	 6.	 These 10 sherds are medium trailed by line width, but the trailing does not have typ-
ical Late Fisher motifs, such as chevrons or nested triangles. They may be from the 
Huber phase, as are most identifiable sherds from MGC, but the sherds are very small 
and phase attribution is uncertain. While they are treated as Late Fisher in this model, 
Model 7 evaluates the chronological impact if they are assigned to the Huber phase. 
The sherd counts herein are updated from the counts presented in McLeester and 
Schurr (2020:Table 2).

	 7.	 See Supplementary Table S1 for a description of the unused metal artifacts. Artifacts 
made from North American copper are unused here because their possible dates of 
manufacture span a time period too wide to be of use in this analysis.

	 8.	 Individual artifact A values are provided in supplemental file MetalAdded/MGC_RCmodel 
_MetalAdded.csv.

	 9.	 See RevisedMetal/RevisedMetalClusterProbabilities_Output.txt and MGC_Date_Order.csv.
	 10.	 See RevisedMetal/RevisedMetalClusterProbabilities_Output.txt.
	 11.	 The first American Indian village La Salle’s party encountered in the region was at the 

mouth of the Kankakee River where it joins the Des Plaines River to form the Illinois 
River. Interestingly, it was deserted (the residents were assumed to have been in winter 
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hunting camps) but had an abundance of maize stored in “trenches underground” (An-
derson 1901:104).

	 12.	 The model and its detailed output are in the supplemental folder TightBounds.
	 13.	 Using the full distributions, the occupation span range is 238–363 years with a most likely 

span of 302 years. This is 228 years shorter than the most likely span under the Revised 
Metal model.

	 14.	 See files MGC_RCmodel_TightBounds.csv and MGC_RCModel_RevisedMetal.csv in the 
supplemental file set.
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