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Abstract

Research by the Tlalancaleca Archaeological Project (PATP) has corroborated modifications to the Middle
Formative chronology in Puebla-Tlaxcala (Lesure et al. 2006, 2014) using Bayesian modeling on 26 radiocarbon
dates from Tlalancaleca. The present study is the first to evaluate the region’s Middle Formative chronology with
radiocarbon dates from superposed stratigraphy. Nine Bayesian models were constructed with different
combinations of radiocarbon dates and OxCal’s phase and sequence functions to determine the beginning and end
of the Texoloc phase. Results place the Tlatempa-Texoloc transition at around 650 cal BC and the Texoloc-
Tezoquipan transition at around 500 cal BC. The OxCal Interval function supports a timespan of approximately 150
years for the duration of the Texoloc phase. These results suggest the process of initial urbanization in Central
Mexico was a rapid one.

Introduction

The Middle Formative period (ca. 1000500 BC) featured major social transformations in Central
Mexico. Agriculture and sedentary lifeways spread from its southern to northern regions (Grove 2000;
Lesure et al. 2006) and large settlements emerged in the Basin of Mexico and Puebla-Tlaxcala Valley
that would later develop into urban centers (Carballo 2016; Garcia Cook 1981; Plunket and Uruifiuela
2012; Sanders et al. 1979). Understanding these important transformations requires pinpointing
accurately and precisely the timing of changes in settlement and material culture. An impediment to this
end has been the Hallstatt Plateau (e.g., Jacobsson et al. 2018), a plateau on the radiocarbon calibration
curve spanning the Middle Formative. As a result, all true dates between 800 and 400 BC yield
radiocarbon year ages around 2450 BP. Reducing the range of any single date is difficult, especially if
comparing radiocarbon dates with no direct stratigraphic superposition. Through our research at
Tlalancaleca, Central Mexico (Figure 1), we have investigated Middle Formative occupations and
acquired a series of radiocarbon samples and dates from superposed occupation levels that span this
period (Murakami et al. 2017a). These data are the basis of a high-resolution chronology for the Middle
Formative. In this article, we present detailed descriptions of the stratigraphy, sample provenience, and
radiocarbon dates underlying this chronology. Second, we present the Bayesian models (e.g., Bayliss
et al. 2007; Beramendi-Orosco et al. 2009; Manning et al. 2006) used to narrow samples’ calibrated
calendar year ranges and pinpoint transition dates between phases. We consider the implications of this
chronology for the timing of initial settlement at Tlalancaleca and the first pulses of population
nucleation and urbanization.
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Figure 1. Map of Central Mexico showing important Formative-period sites and obsidian sources.

Background
Ceramic chronology in the Puebla-Tlaxcala Valley

The Puebla-Tlaxcala Valley is located in Central Mexico and adjoins the Basin of Mexico on the eastern
side of its prominent volcanoes, the Popocatepetl and Iztaccihuatl (Figure 1). Pioneering work by Angel
Garcia Cook (1972, 1974, 1976, 1981; Garcia Cook and Merino Carrién 1997; Garcia Cook and Merino
Carrién 2005; see also Snow 1969) established the first comprehensive chronology for the region.
Garcia Cook defined four major ceramic complexes and cultural phases for the Formative period:
Tzompantepec (1700/1600-1200 BC), Tlatempa (1200-800 BC), Texoloc (800-350 BC), and
Tezoquipan (350 BC-AD 100) (dates are uncalibrated calendar years). The Tzompantepec phase
marked the appearance of sedentary, agricultural villages in the region. These villages increased in size
and number during the subsequent Tlatempa phase (Garcia Cook 1981, 245-248). The Texoloc phase
marked the onset of urbanization as Garcia Cook (1981, 257) identified the development of five “great
towns” or “cities”, one of which was Tlalancaleca. Intensification of urban processes continued through
the Tezoquipan phase as the number of great towns increased to 20 and they individually increased in
size. This cultural sequence and ceramic chronology were based on seriated surface collections and test
excavations at a select number of sites (Garcia Cook 1972, 1974, 1976).

Richard Lesure and colleagues (2006, 2014) corroborated Garcia Cook’s ceramic complexes and phase
sequence through excavations and analysis of pit features at village sites in central Tlaxcala. However,
they made substantial modifications to the absolute dates of the phases, resulting in: Tzompantepec (900—
800 cal BC); Tlatempa (800—650 cal BC); and Texoloc (650-500 cal BC). The basis of these changes was
radiocarbon dated samples from pit features (none of which were stratigraphically superposed) and
concordant changes in ceramic and figurine types between the Puebla-Tlaxcala Valley and Basin of
Mexico. They supported their modifications with calibrated dates from earlier work in the Basin of
Mexico (Tolstoy 1978), yet these early samples and dates are still undergoing reevaluations (Murakami
2022). Our research at Tlalancaleca (Murakami et al. 2017a) has recently corroborated the absolute dates
proposed by Lesure and colleagues for the Middle Formative phases and firmly placed the onset of
urbanization in the Puebla-Tlaxcala Valley in the Texoloc phase (650-500 cal BC).
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Figure 2. Site map of Tlalancaleca showing the location of Complex C and Tres Marias Complex.

Tlalancaleca

Tlalancaleca is located on a low-lying plateau in the northeastern foothills of the Iztaccihuatl volcano
(Figure 1). Results from our survey, surface collections, and excavations (Murakami et al. 2017a)
indicate that the first sedentary inhabitants of Tlalancaleca formed dispersed residential groups during
the Tlatempa phase (800—650 cal BC), which amounted to no more than 5 hectares in occupied area.
During the Texoloc phase (650-500 cal BC), population nucleation increased the size of Tlalancaleca to
at least 80 hectares (Murakami et al. 2017a). This settlement was concentrated in the eastern limits and
surrounding area of the plateau (Figure 2). We have not identified monumental structures pertaining to
this phase, yet we suspect they exist, concealed within the fill of posterior structures as is the case at
Xochitécatl (Serra Puche et al. 2004). The urbanization process accelerated during the Tezoquipan and
early Tenanyecac phases (500 cal BC-250 cal AD; Late and Terminal Formative periods) as
Tlalancaleca reached its maximum area (ca. 500 hectares) and nine monumental architectural complexes
were constructed across the plateau. Processes of decline and depopulation at the site began around 250
cal AD, leading to a complete hiatus in occupation during the Classic period.

Materials and methods

Fieldwork at Tlalancaleca has yielded radiocarbon samples (all wood charcoals) from primary contexts
that include burials, bell-shaped pits, other pit features, and clay amalgam (coating of buildings). In this
section, we describe the architectural complexes that have yielded occupation levels from the Middle
Formative period (i.e., the Tlatempa and Texoloc phases). Phase assignation of each feature (and
consequently, sample) is based on preliminary ceramic analysis. Ceramic phases are discrete spatio-
temporal entities built through the classification of ceramic sherds and so we recognize that they are our
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analytical constructs, which might have corresponded to changes in other aspects of material culture and
society or not. Our observations during excavations lead us to believe that ceramic changes broadly
corresponded to changes in the use of space at the architectural complexes at Tlalancaleca described
below. All samples were dated at the University of Arizona Accelerator Mass Spectrometry (AMS)
Laboratory following their established methods and protocols (see Burr et al. 2007; Donahue
et al. 1990).

Excavations and samples at Complex C

Complex C is located 700 m west of the plateau’s eastern edge (Figure 2). Its most prominent structures
are two monumental platforms from the Terminal Formative period. Smaller, less conspicuous
platforms from the Late and Terminal Formative periods are also located around them. We conducted
trench and horizontal excavations to investigate one of these platforms, Structure C5. Preserved within
and below this platform were occupation levels from the Tlatempa and Texoloc phases (Murakami et al.
2018, 2019). When these levels and building phases are considered together, Structure C5 presented a
continuous occupation sequence from the Tlatempa through Tenanyecac phase.

The Tlatempa phase (Level 1) occupation level featured a ditched palisade or wooden enclosure. The
ditch measured 0.8 m in width and 1.5 m in depth and contained post holes spaced at ca. 20 cm intervals
along its interior (Figure 3). The exposed portion suggested this feature was circular and had a diameter
of 10—15 m. Its function is not entirely clear but given its unique form, we think use in suprahousehold,
community-level activities was more likely than use in individual household-level activities. Its
construction on relatively higher terrain, removed from and overlooking the dispersed residential groups
to the east, seems to support this interpretation.

The second occupation level featured Compound C7, a multi-room compound built over the ditched
palisade during the Texoloc phase. We use the designations C7a-d to distinguish the structures that
composed it as its rooms and spatial layout were modified repeatedly throughout the phase (Figure 3).
Compound C7’s earliest structures were of masonry construction and evidenced by one alignment
roughly 1.5 m in length (Structure C7d) and a rectilinear and curved wall (Structure C7c-Subl) (Levels
2a—c) (Figure 3). The latter was subsequently used as fill for a low masonry platform, Structure C7c
(Level 2d), built on top. Structure C7c had a small, central staircase leading to a patio (approximately 6 x
6 m) on its southern edge. The patio was bordered by several rooms constructed of stone, adobe, and
wattle and daub (Structure C7a). Structure C7c was demolished and covered by an earthen floor to
support an ancillary room (Structure C7b; Level 2e) added to the north side of Structure C7a. This
dynamic construction sequence produced a series of superposed floors and hemispherical pits associated
with Structures C7a-d. Compound C7’s functions might have been equally dynamic and until the
material analysis is advanced, we refrain from designating it a residential, public, or ritual space.
Compound C7 was eventually cleaned of its contents and razed in a large conflagration, possibly a
termination ritual. The third occupation level featured Structure C5-Sub2, a Tezoquipan-phase masonry
platform, which utilized the remnants of Compound C7 as fill. This platform was enlarged and modified
several times throughout the Tezoquipan and Tenanyecac phases.

We collected 13 radiocarbon samples (all wood charcoal) from the Middle Formative contexts (one
of these samples was excluded from the analysis; see below). Four samples came from fill within the
ditch of the wooden enclosure (Table 1; Figure 3). The fill consisted of five natural strata, perhaps
corresponding to different depositional processes. While the fill did not constitute a primary context, it
was sealed by a series of Texoloc-phase floors, which allowed us to temporally assign the samples to the
Tlatempa phase. We collected: one sample (AA-110686) from the bottom-most layer of fill (IIld), two
samples (AA-110687 and AA-110688) from the middle layers (Illa, b), and one sample (AA-110689)
from a post hole (IV) (see Supplementary Materials for stratigraphic profiles). The post hole did not
reach the bottom of the ditch but was instead superposed over an older one. This means it likely replaced
an earlier post from the series lining the ditch interior and represents the most recent deposit.
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Figure 3. Map of Complex C showing the spatial organization of Compound C7, the location of the
ditched palisade, and the provenience of radiocarbon samples.

Nine samples came from the five superposed levels (Levels 2a—e; Table 1; see Supplementary
Materials for stratigraphic profiles) associated with Compound C7: two samples (AA-110702 and AA-
112581) from pit features dug into the earliest floor (Level 2a); one sample (AA-110691) from the
second floor (Level 2b); one sample (AA-110690) from near a hearth on the third floor (Level 2¢); one
sample (AA-112583) from the fill (sealed by a floor) covering Structure C7c (Level 2d); one sample
(AA-110703) from the upper-most floor and one sample (AA-112582) from a pit feature dug from this
level (Level 2e). We collected Sample AA-110704 from a pit feature dug into a Texoloc floor, but it
turned out to be an outlier among our samples yielding a calibrated date range in the Late Formative (see
below). We concluded this feature was dug or disturbed from a “younger” occupational level and
therefore omitted Sample AA-110704 from the Texoloc samples (instead, we grouped it with the
Tezoquipan phase; see below). We collected and excluded Sample AA-112584 from subsequent
analysis because of its low carbon yields (~20%) that might have resulted in a non-reliable
radiocarbon age.

We acquired three Tezoquipan phase samples. We collected two of these samples from Tezoquipan
contexts at Complex C: Sample AA-110693 came from a floor associated with an early construction
phase (Structure C5-Subl) of the civic-ceremonial platform, Structure C5; and Sample AA-110704
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Table 1. Results of '*C measurement for samples used in this study (more likely 1o and 20 date ranges are in bold)

Calibrated Calibrated
d13¢c %C age  calendar yrs calendar yrs
Lab# Sample ID Provenience Context %C  (%o0) BP (1 sigma) P (2 sigma) P
Tlatempa
Phase
AA110686 FB-C2E-507 Complex C Ditched palisade, upper fill 56 —-25.6 2495+20 758-745 BC 7.1% 771-721 BC 18.6%
(Cala 2E[15], Layer Illa) (Level 1c¢) 690-679 BC 6.6% 707-662 BC 19.1%
672-665 BC 3.9% 652-543 BC 57.7%
645-551 BC 50.7%
AA110687 FB-C2E-510 Complex C Ditched palisade, lower fill 62 =232 2453+£20 746-690 BC 29.6% 751-684 BC 31.8%
(Cala 2E[I5], Layer IlIb) (Level 1b) 665-644 BC 10.5% 669-634 BC 13.2%
551-481 BC 28.2% 622-613 BC 1.3%
591-453 BC 43.0%
447-416 BC  6.2%
AA110688 FB-C2E-521 Complex C Ditched palisade, bottom-most 62 —22.5 2437 +22 724-707 BC 8.1% 748-688 BC 19.9%
(Cala 2E[I5], Layer IIId) layer (Level 1a) 663-652 BC 5.4% 666-642 BC 8.2%
544-458 BC 44.6% 567-409 BC 67.4%
441-419 BC 10.2%
AA110689 FB-C2F-463 Complex C Ditched palisade, upper post 58 —=23.1 2456+20 747-689 BC 31.3% 753-682 BC 33.7%
(Cala 2F[HS5], Layer IV) hole (Level 1d) 665-643 BC 11.1% 669-631 BC 14.1%
565-513 BC 21.0% 625-610 BC 2.2%
501-486 BC 4.9% 593-456 BC 40.8%
444-417 BC 4.7%
Texoloc Phase (Complex C)
AA110690 FB-C2H-479 Complex C Compound C7, Floor 3 near 68 224 2511+£19 770-749 BC 14.7% 776-737 BC 20.4%
(Cala 2H[F5], Layer V) hearth (Level 2¢) 686-667 BC 13.6% 695-662 BC 18.4%
639-587 BC 34.0% 649-546 BC 56.6%
581-570 BC 6.0%
AA110691 FB-C2H-501 Complex C Compound C7, beneath the 62 =240 2492+19 756-743 BC 7.5% 769-720 BC 18.4%
(Cala 2H[F5], Layer VII) penultimate floor (Level 2b) 692-680 BC 7.0% 708-662 BC 19.3%
670-665 BC 3.1% 653-543 BC 57.8%
646-607 BC 23.6%

‘10 Jo TWUDYDANA [


https://doi.org/10.1017/RDC.2024.86

ssaud Aisianun abpliquied Aq auluo paysiiand 98420z Day/LL0L°01/B10"10p//:sdny

596-550 BC 27.1%
AA110702 FB-C3H-585 Complex C Compound C7, pit feature 733-696 BC 18.5% 749-687 BC 24.5%
(Cala 3H[C8], Layer (Level 2a) 663-650 BC  7.5% 666-641 BC 10.0%
VIIId) 546-472 BC 38.2% 569-412 BC 61.0%
434-424 BC  4.1%
AA110703  FB-C3J-257 Complex C Compound C7, Floor (Level 772-750 BC 17.2% 777-740 BC 21.8%
(Cala 3J[C6], Layer Ib) 2e) 685-667 BC 14.1% 694-663 BC 18.4%
636-588 BC 33.4% 648-547 BC 55.2%
579-572 BC  3.6%
AA110704™! FB-C3J-518 Complex C Compound C7, pit feature 390-359 BC 44.8% 395-352 BC 51.4%
(Cala 3J[C6], Layer XVb) 276-261 BC 13.8% 288-227 BC 42.3%
244-234 BC  9.7% 219-210 BC 1.7%
AA112581 FB-OHI1-875 Complex C Compound C7, Fosa 3, before 756-734 BC 10.5% 771-539 BC 95.4%
(OH1-B3, Layer XVg) platform 696-680 BC 7.8%
(Level 2a) 671-664 BC 3.3%
649-606 BC 21.3%
596-546 BC 25.4%
AA112582 FB-OH1-865 Complex C Compound C7, Fosa 2 756-740 BC 8.7% 771-541 BC 95.4%
(OH1-AO0, Layer XIc) associated with platform 693-680 BC 7.3%
(Level 2e) 671-665 BC 3.1%
648-606 BC 22.7%
597-548 BC 26.5%
AA112583 FB-OH1-559 Complex C Compound C7, floor 748-688 BC 31.0% 754-682 BC 33.1%
(OH1-B1, Layer VII) that covers platform (Level 666-642 BC 11.2% 670-609 BC 17.4%
2d) 567-513 BC 21.1% 594-456 BC 40.3%
501-485 BC 4.9% 444-417 BC 4.5%
AA112584"! FB-OH1-830 Complex C Compound C7, before 466-436 BC 25.6% 516-393 BC 95.4%
(OH1-B1, Layer XIIa) platform, after Fosa 3 422-397 BC 42.7%
Texoloc Phase (Tres Marias Complex)
AA109304 FF-P1-41 Complex TM Within earthern floor under 754-731 BC 11.5% 768-539 BC 95.4%
(Pozo 1, Layer Illc) Str. TM10a (Level 8) 700-681 BC 9.0%
669-664 BC 2.6%
651-609 BC 20.1%
(Continued)
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Table 1. (Continued)

Lab#

Sample ID

Provenience

Context

%C

s13C
(%0)

14C age
BP

Calibrated
calendar yrs
(1 sigma)

Calibrated
calendar yrs
(2 sigma)

AA109305

AA109306

AA109307

AA109309

AA109310

AA109311

FF-P1-58

FF-P1-77

FF-P1-160

FF-P2-70

FF-P2-89

FF-P5-31

Complex TM
(Pozo 1, Layer Ivc)

Complex TM
(Pozo 1, Layer VI)

Complex TM
(Pozo 1, Layer X)

Complex TM
(Pozo 2, Layer Vb)

Complex TM
(Pozo 2, Layer VIb)

Complex TM
(Pozo 5, Layer VIII)

Trash pit (Fosa 1) under Str.
TM10a (Level 7)

Pit feature (Fosa 3) under Str.

TM10a (Level 6)

Burial F1 under Str. TM10a
(Level 4)

Trash midden (Level 5-6 or
earlier)

Trash midden (Level 1-2)

Bell-shaped pit (Level 6-7 or
earlier)

62

70

66

68

66

63

—24.4

-25.0

-9.2

—24.4

=233

-234

2476 £20

2478 £20

2476 £20

2540 +£22

2479 +20

2469 + 20

594-545 BC
751-720 BC
708-684 BC
668-663 BC
653-634 BC
621-614 BC
591-544 BC
752-722 BC
707-684 BC
668-664 BC
652-633 BC
622-613 BC
591-545 BC
751-720 BC
708-684 BC
668-663 BC
653-634 BC
621-614 BC
591-544 BC
788-753 BC
682-669 BC
610-593 BC
752-725 BC
706-684 BC
668-664 BC
651-633 BC
622-613 BC
591-545 BC
750-685 BC
667-636 BC

25.0%
16.7%
12.5%
2.1%
9.7%
3.1%
24.1%
15.7%
12.0%
2.2%
9.9%
3.9%
24.5%
16.7%
12.5%
2.1%
9.7%
3.1%
24.1%
41.9%
12.4%
14.0%
14.8%
11.9%
2.1%
9.9%
4.4%
25.2%
34.3%
14.3%

766-515 BC

767-516 BC

766-515 BC

794-747 BC
689-665 BC
643-563 BC
768-517 BC

760-477 BC

95.4%

95.4%

95.4%

44.6%
15.2%
35.6%
95.4%

95.4%
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AA109312  FF-P5-83

AA109313

FF-P8-27

AA109314™ FF-P9-28

AA109315 FF-P7-36
AA109320 FF-P6-83
AA110707 FF-P7-21

Early Tezoquipan Phase

AA105263 RI1-V9

AA110693

AA110704 FB-C3J-518

FB-C20-504

Complex TM
(Pozo 5, Layer X)

Complex TM
(Pozo 8, Layer IIIb)

Complex TM

(Pozo 9, Layer VIIIb)
Complex TM

(Pozo 7, Layer IVb)

Complex TM
(Pozo 6, Layer Vlla)

Complex TM
(Pozo 7, Layer III)

Salvage excavation
(Pozo 1, Layer VII)

Complex C

(Cala 20, floor)
Complex C

(Cala 3], Layer XVb)

Bell-shaped pit (Level 6-7 or
earlier)

Earthen floor of patio at
Compound TM10 (Level 9)

Fill of pit feature in front of
Str. TM10c (Level 9)

Pit feature (Fosa 2) in
residential area

Pit feature in open space

Hearth 1

Ceremonial cache

Earthern floor in front of Str.
C5-Subl

Pit feature associated with Str.

C5-Subl

65

67

60

66

65

57

N/A

65

56

-23.7

=259

—24.8

—24.6

-24.0

-253

=255

—24.2

-253

2467 +£21

243220

2659 +£20

2479 20

2522 +21

2481 +£20

2168 +£30

2249+ 19

2267+ 19

589-541 BC
750-685 BC
667-636 BC
589-578 BC
573-539 BC
717-711 BC
659-655 BC
542-460 BC
439-420 BC
824-802 BC

752-725 BC
706-684 BC
668-664 BC
651-633 BC
622-613 BC
591-545 BC
775-750 BC
685-667 BC
636-589 BC
578-573 BC
753-726 BC
701-683 BC
669-664 BC
651-631 BC
625-611 BC
593-545 BC

351-290 BC
209-164 BC

382-356 BC
280-232 BC
390-359 BC
276-261 BC
244-234 BC

19.7%
34.6%
14.3%

3.8%
15.5%

3.3%

2.0%
51.4%
11.5%
68.3%

14.8%
11.9%
2.1%
9.9%
4.4%
25.2%
20.7%
13.8%
31.0%
2.7%
14.0%
9.5%
2.5%
10.3%
6.6%
25.3%

37.6%
30.7%

26.2%
42.1%
44.8%
13.8%

9.7%

758-678 BC
672-476 BC
431-426 BC

744-691 BC
665-646 BC
550-408 BC

892-880 BC
833-795 BC
768-517 BC

781-742 BC
693-663 BC
647-548 BC

766-539 BC
527-521 BC

359-276 BC
261-244 BC
235-103 BC
389-350 BC
303-208 BC
395-352 BC
288-227 BC
219-210 BC

36.4%
58.5%
0.5%

15.2%
6.6%
73.6%

5.3%
90.2%
95.4%

25.6%
18.2%
51.7%

94.7%
0.8%

42.7%

2.6%
50.2%
32.5%
62.9%
51.4%
42.3%

1.7%

Note: calibration was conducted using OxCal 4.4/IntCal20 atmosphere.
“IThese samples were excluded from the analysis due to possible contamination or intrusion from younger contexts.

"2This sample likely represents old wood and thus was excluded from the analysis.
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Figure 4. Map of Tres Marias Complex showing the location of excavation units and the provenience
of radiocarbon samples. The inserted map shows Compound TM10.

whose provenience was already discussed above. The third sample (AA-105263) came from a
ceremonial cache that was found during survey in the southwestern sector of the site and excavated as a
salvage operation.

Excavations and samples at the Tres Marias Complex (Complex TM)

The Tres Marias Complex is located several hundred meters east of Complex C. It features Terminal
Formative pyramids, platforms, and plazas visible on the surface (Figure 4). Below these civic-
ceremonial structures, our test excavations revealed a residential compound (Compound TM10),
additional domestic features (e.g., trash pits), and at least nine superposed occupation levels from the
Texoloc phase (Murakami et al. 2017b). We identified and defined the earliest eight occupation levels
from the stratigraphy of superposed pit features in Test Pit 1 (Pozo I). Compound TM10 represented the
ninth level; it consisted of three low, masonry platforms (Structures TM10a—c) arranged around a
central patio (Figure 4). The depth of Texoloc deposits at Compound TM10 differed from those at
Compound C7. The superposed floors from Compound C7 were closely deposited, amounting to a
thickness of 10-30 cm across the excavated area. In contrast, roughly 20 cm separated each occupation
level below Compound TM 10, resulting in Texoloc-phase deposits in Test Pit 1 that spanned 2 meters of
depth. Test Pits 2, 5, 8, and 9 had Middle Formative layers that could be roughly correlated with the
stratigraphy in Test Pit 1 (Table 1). Middle Formative deposits in Test Pits 6 and 7 were too shallow to
be securely associated with the stratigraphy in the other test pits.

We collected a total of 13 samples (all wood charcoal) from Texoloc contexts at the Tres Marias
Complex (one of these samples was excluded from the analysis for reasons described below). We
assigned six samples to specific occupational levels as defined in Test Pit 1 (Table 1): Sample AA-
109310 to Levels 1-2; Sample AA-109307 to Level 4; Sample AA-109306 to Level 6; Sample
AA-109305 to Level 7; Sample AA-109304 to Level 8; and Sample AA-109313 to Level 9. Four of
these samples came from Test Pit 1 while two came from other test pits. Although Test Pits 1 and 2 were
spaced 20 meters apart and their stratigraphy correlated poorly, we felt comfortable tentatively assigning
Sample AA-109310 from Test Pit 2 to Levels 1-2 because the sample came from a midden directly
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above the sterile layer, roughly 1.5 m below the depth of the sterile layer in Test Pit 1 (see
Supplementary Materials for stratigraphic profiles). We did not encounter secure contexts associated
with Levels 3 and 6 from which to collect samples. Sample AA-109314 was collected from Test Pit 9
and yielded a conspicuously old date (see below), so we excluded it from further analysis. We could not
securely assign the other samples to specific occupation levels, but we suggest possibilities in Table 1.

Charcoal Outlier Model

All samples were wood charcoal and could, therefore, pose the old wood problem: a major temporal
discrepancy between the feature/primary context and the date the original wood, from which the
charcoal stemmed, was cut. Identifying the species of tree can help isolate the effect of old wood,
especially in the case of short-lived species (e.g., Tsukamoto et al. 2020). We did not undertake this type
of analysis for this paper, but instead used Bayesian statistics to gauge the probability of old wood
inclusions among our Texoloc samples. We did so by creating charcoal outlier models with a Bayesian
statistical method featured in OxCal version 4.4 following Bronk Ramsey (2009a; see also Christen
1994) (see Figures S7 and S8 in Supplementary Materials for reports). For Charcoal Model 1, we set the
prior probability of outliers at 5% (following Bronk Ramsey 2009a:1026) and grouped all Texoloc
samples as a single phase. Three samples (AA-110704, AA-109314, and AA-112584) were highlighted
as outliers given posterior probabilities of 75%, 61%, and 31%, respectively. For comparison, all other
samples had posterior probabilities ranging from 3-5%. The agreement indices (see Results below) of
these samples were also quite low (38%, 48%, and 35%, respectively). For Charcoal Model 2, we
omitted these Texoloc samples (AA-110704 was grouped with the Tezoquipan samples as mentioned
above) and added Tlatempa and Tezoquipan samples to constrain the range of Texoloc dates. This
iteration did not highlight any outliers as potential old wood inclusions (see Supplementary Materials),
so we proceeded to further Bayesian modeling with this set of samples.

Simulation

To determine whether building reliable chronological models was possible in the middle of the Hallstatt
Plateau, we conducted simulations using predetermined dates with specific intervals in OxCal 4.4 with
the IntCal 20 calibration curve (Bronk Ramsey 1995; 2009b; 2017; Buck 2001; Reimer et al. 2013,
2020). Simulations are a powerful tool to explore the range of accuracy we should expect in our
chronological modeling (e.g., Krus and Cobb 2018; McDonald and Manning 2023). We experimented
with three sets of intervals between 650 BC and 500 BC, the proposed range for the Texoloc phase: (1)
30-year intervals with six dates; (2) 15-year intervals with 11 dates; and (3) 10-year intervals with 16
dates (a standard deviation of 20 years was added to all dates; see Table 2 for a summary and Figures S9-
S14 in Supplementary Materials for details). We ran separate simulations with Sequence and Phase
functions for both the start and end boundaries of the phase. The results show that the 650 BC start date
and 500 BC end date for the Texoloc phase are within the 68.3% probability range of all models except
for one (start boundary based on phase method with 10-year intervals and 16 samples). The phase
function simulations seemed to provide less reliable outcomes given that the start and end date ranges
were in the order of 200-300 years at 68.3% probability. Simulations built with sequence functions
consistently produced better models as their means and medians were closer to the phase dates we were
corroborating. The sequence method model with 10-year intervals and 16 samples yielded means and
medians within 5 years of the 650 BC start date and within 2 years of the 500 BC end date of the phase
(Table 2). This suggests to us that reliable chronologies can be built using stratigraphically sequenced
dates. We expect that model building will improve substantially when constraining the possible ranges
by adding samples/dates that preceded and followed the Texoloc phase.
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Table 2. Results of simulations (separate modes and their probable ranges for both lo and 2o
probabilities were lumped together as a single range for each model)

local BC Range 2occal BC Range Mean Median

Start Boundary (set at 650 BC)

Sequence method

30-year intervals (6 samples) 756-562 BC 194 877-548 BC 329 683 BC 663 BC
15-year intervals (11 samples) 758-550 BC 208 771-546 BC 225 658 BC 659 BC
10-year intervals (16 samples) 693-611 BC 82 773-581 BC 192 655 BC 645 BC
Phase method

30-year intervals (6 samples) 785-560 BC 225 883-543 BC 340 710 BC 718 BC
15-year intervals (11 samples) 763-551 BC 212 784-544 BC 240 676 BC 699 BC
10-year intervals (16 samples) 777-701 BC 76 798-557 BC 241 719 BC 732 BC
End Boundary (set at 500 BC)

Sequence method

30-year intervals (6 samples) 531-406 BC 125 728-249 BC 479 447 BC 456 BC
15-year intervals (11 samples) 718-454 BC 264 735-384 BC 351 520 BC 505 BC
10-year intervals (16 samples) 533-481 BC 52 658422 BC 236 498 BC 502 BC
Phase method

30-year intervals (6 samples) 702-396 BC 306  733-300 BC 433 501 BC 489 BC
15-year intervals (11 samples) 715-434 BC 281 731-371 BC 360 538 BC 506 BC
10-year intervals (16 samples) 686-500 BC 186  731-461 BC 270 596 BC 614 BC

Bayesian modeling

We produced nine primary models (and nine variants) of the consecutive Tlatempa, Texoloc and
Tezoquipan phases to define the beginning, end, and duration of the Texoloc phase (Table 3; see
Supplementary Materials for output plots). We used OxCal version 4.4 with the IntCal 20 calibration
curve and different combinations of Texoloc samples from the 26 described above; the same
combination of Tlatempa and Tezoquipan phase samples was used throughout (note that the
Tezoquipan samples were always put in a Phase function, which was not always shown in the figures in
the interest of space). We used five different methods based on the Phase and Sequence functions (e.g.,
Bronk Ramsey 1995, 2009b, 2017; Buck et al. 1992; Steier and Rom 2000) to build the models:
(1) sequencing Phase functions (Models 1-3); (2) sequencing samples (Models 4-5); (3) sequencing
Sequence functions (Models 6-7); (4) sequencing overlapping Sequence functions (Model 8); and
(5) cross referencing sequences from the two architectural complexes within the Sequence function
(Model 9) (Table 3). We included the Interval function in Models 1-3 to estimate the duration of the
Texoloc phase.

The different combinations of Texoloc samples included: all samples in Model 1; samples solely
from Complex C in Models 2, 4, and 6; and samples solely from the Tres Marias Complex in Models 3,
5, and 7. Only chronologically well-defined samples from the complexes were used in Models 4-7; these
sets of samples from both complexes were combined in Models 8 and 9. We placed a single boundary
query between functions to model the Tlatempa, Texoloc and Tezoquipan phases as contiguous (Bronk
Ramsey 2009b) and obtain probability distributions for their transition dates.

We constructed nine variant models with the same sets of samples described above that did not
impose contiguous archaeological phases on the modeling. Models 4NB (“No Boundary”’) and SNB, for
example, contained no boundary queries. Instead we considered the phase transition date to fall between
the youngest Tlatempa sample and the oldest Texoloc sample. For the other variant models
(denominated with “S” after model number), we inserted two boundary queries between phases to create
“Sequential Models” (Bronk Ramsey 2009b), which allowed for time lapses between phases (sequential
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Table 3. Summary of Bayesian models

Texoloc samples included in
Method the model Notes
Model 1 Phase 7 samples from Complex
C and 12 samples from
Complex Tres Marias

Model 2 Phase 7 samples from Complex C
Model 3 Phase 12 samples from Complex
Tres Marias
Model 4 Sequence 7 samples (Levels 2a-e) from Levels 2a and 2e consist of two
Complex C samples each that were
grouped under the phase
function.
Model 5 Sequence 6 samples from Complex Tres Samples from Levels 5-7 were
Marias put together in a phase block.
Model 6 Phase/Sequence 7 samples from Complex C Levels 2a and 2e consist of two
samples each that were
grouped under the phase
function.
Model 7 Phase/Sequence 6 samples from Complex Tres Samples from Levels 5-7 were
Marias put together in a phase block.
Model 8 Overlapping Sequence 7 samples from Complex Sequences from both Complexes
C and 6 samples from C and TM were contained as
Complex Tres Marias overlapping sequences within
the Texoloc phase block.
Model 9 Cross Referencing 7 samples from Complex Start of Complex C was cross
C and 6 samples from referenced to the start of
Complex Tres Marias Complex Tres Marias.

models are presented in Supplementary Materials). Opting for either contiguous or sequential models
essentially depends on how we conceptualize phase transitions in ancient societies. For the case of
Tlalancaleca, we base this decision on careful observation of the stratigraphy. At Complexes C and Tres
Marias, the phases correspond well with the architectural sequences described above. Importantly, we
did not observe any substantial layer or deposit that would indicate a long-time lapse between phases
and the changing material culture recovered from excavations. That said, we recognize the difficulty of
discerning subtle gaps in time on the scale of years or decades. To narrow down the date range of phase
transitions, we cross-validated results across models. We report marginal posterior distributions and
ranges at 68.3% and 95.4% of modeled results (Tables 4 and 5); we refer to 68.3% ranges in text first
and 95.4% ranges in parenthesis to facilitate reading results (see also the results of simulations above).
Probabilities at 95.4% are often split into different segments of the curve over ranges of ~150 years and
the presentation of such segments could have complicated our discussion of the Texoloc phase with its
estimated duration of 150 years.

The methods and models exhibited different strengths and weaknesses. Model 1 (Phase method), for
example, included the greatest number of samples yet the Phase functions did not draw on the subtle
stratigraphic information between them (also the case in Models 2 and 3). Models 4-9 considered the
stratigraphic order of samples yet Models 4 and 5 (Sequence method) did not consider their
archaeological phase assignations. As a result, phase transition dates were based more on individual
samples than sets of samples. Models 6 and 7 (Phase/Sequence method) took samples’ stratigraphic
order and archaeological phase assignations into account but relied on fewer samples to do so. Models 8
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Table 4. Date ranges for the Tlatempa-Texoloc boundaries (more likely 1o and 20 date ranges are in bold)

1 o cal BC P Mode* 2 o cal BC P Mode* Mean Median
Phase method
Model 1 (all samples) 723-640 BC 68.3% 695 (650) BC 734-613 BC 83.0% 695 (650) BC 668 BC 675 BC
606-561 BC 12.5% 585 BC
Model 2 (Complex C) 720-674BC 42.5% 690 BC 736-587 BC 95.4% 690 (645) BC 664 BC 673 BC
662-632 BC 25.8% 645 BC
Model 3 (Complex TM) 725-637 BC 68.3% 695 (650) BC 734-561 BC 95.4% 695 (650) BC 664 BC 673 BC
Sequence method
Model 4 (Complex C) 726-681 BC 39.4% 695 BC 741-614 BC 91.0% 655 (695) BC 672 BC 676 BC
666-641 BC 28.9% 655 BC 594-576 BC 2.9% 585 BC
571-560 BC 1.6% 560 BC
Model 5 (Complex TM) 717-681 BC 24.3% 695 BC 732-547 BC 95.4% 645 (695) BC 643 BC 647 BC

661-626 BC 24.8% 645 BC
585-549 BC 19.1% 560 BC
Phase/Sequence method

Model 6 (Complex C) 731-682 BC 57.6% 695(720) BC 742-637 BC 95.4% 695 (720) BC 691 BC 696 BC
663-651 BC 10.7% 655 BC
Model 7 (Complex TM) 724-676 BC 33.0% 695 BC 732-560 BC 95.4% 645 (695) BC 654 BC 653 BC

664-617 BC 35.3% 645 BC
Overlapping Sequence method

Model 8 (both complexes) 731-626 BC 68.3% 690 (650) BC 734-560 BC 95.4% 690 (650) BC 660 BC 670 BC
Cross Referencing method
Model 9 (both complexes) 708-682 BC 17.7% 695 BC 726-549 BC 95.4% 560 (645) BC 633 BC 644 BC

661-639 BC 19.0% 645 BC
591-551 BC 31.6% 560 BC

*The date within parenthesis shows the secondary mode when present.
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Table 5. Date ranges for the Texoloc-Tezoquipan boundaries (more likely 1o and 20 date ranges are in bold)

1 6 cal BC P Mode* 2 ¢ cal BC P Mode* Mean Median
Phase method
Model 1 (all samples) 622-606 BC 6.6% 615 BC 682-678 BC 0.4% 680 BC 560 BC 549 BC
575-508 BC 61.7% 540 BC 659-654 BC 0.5% 656 BC
648-480 BC 94.5% 540 BC
Model 2 (Complex C) 616-604 BC 3.1% 610 BC 652-366 BC 95.4% 540 BC 514 BC 522 BC
592-448 BC 65.1% 540 BC
Model 3 (Complex TM) 638-626 BC 4.2% 630 BC 688-672 BC 1.7% 680 BC 550 BC 545 BC
615-610 BC 2.0% 610 BC 667-447 BC 93.8% 540 BC
580-496 BC 62.1% 540 BC
Sequence method
Model 4 (Complex C) 625-532 BC 68.3% 550 BC 688-659 BC 3.2% 680 BC 565 BC 569 BC
646-438 BC 92.30% 550 BC
Model 5 (Complex TM) 551-448 BC 68.3% 540 BC 698-687 BC 0.8% 692 BC 496 BC 507 BC
659-638 BC 1.8% 645 BC
566-362 BC 92.9% 540 BC
Phase/Sequence method
Model 6 (Complex C) 591-456 BC 60.2% 540 BC 632-357 BC 95.4% 540(385) BC 494 BC 507 BC
403-380 BC 8.1% 385 BC
Model 7 (Complex TM) 543-451 BC 52.4% 535 BC 654-642 BC 0.6% 648 BC 464 BC 469 BC
415-382 BC 15.9% 390 BC 566-329 BC 94.9% 535(390) BC
Overlapping Sequence method
Model 8 (both complexes) 554-460 BC 42.5% 535 BC 687-681 BC 0.4% 685 BC 468 BC 472 BC
434-373 BC 25.8% 385 BC 647-595 BC 4.6% 635 BC
586-317 BC 90.2% 535(385) BC
309-305 BC 0.2% —_—
Cross Referencing method
Model 9 (both complexes) 694-681 BC 3.9% 690 BC 698-359 BC 95.4% 555(640) BC 532 BC 547 BC
650-626 BC 11.3% 640 BC
588-479 BC 45.9% 555 BC
409-377 BC 7.2% 385 BC

*The date within parenthesis shows the secondary mode when present.
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Figure 5. Tlatempa-Texoloc boundaries for contiguous models. Horizontal bars under the
distributions are at 1o and 2o probability ranges.

and 9 accounted for samples’ stratigraphic order, phase assignations, and combined Texoloc samples
from Complexes C and Tres Marias, resulting in models with the second largest sample size. In Model 8
(Overlapping Sequence method), however, we could not control the amount of overlap between the two
separate sequences. Model 9 (Cross Referencing method) required that we assume the start or end date
(or both) of the separate sequences were contemporaneous even though they were not. The analytical
strength of these models, therefore, comes from considering them collectively. We identify patterns that
persist across the different models and consider them a solid basis for chronology building.

Results and discussion

All contiguous Bayesian models, except for Model 9, illustrate a bimodal probability distribution for the
Tlatempa-Texoloc transition with modes around 695 and 650 cal BC (Table 4; Figure 5); means varied
from 691 to 633 cal BC and medians from 696 to 644 cal BC. Models 1-3, 6, and 8 point to the earlier
mode while Models 4, 5, and 7 point to the later mode (Figure 5; see Supplementary Materials for
modeled dates). To put it differently, the Phase method points to 695 cal BC while models that
stratigraphically sequenced samples point to 650 cal BC. Additionally, models based on samples from
Complex C tend to favor 695 cal BC, while models based on samples from the Tres Marias Complex
point to both modes (we will come back to this point below). In each case, it seems the oldest Texoloc
sample affected the modeling. For example, the most probable date range of the oldest Texoloc sample
(AA-110702) from Complex C was 665-643 cal BC (43.9%) in Model 6 (670-612 cal BC [57.2%] for
20). This range was much narrower than the range of the oldest Texoloc sample (AA-109310) from the
Tres Marias Complex, which was 671-608 cal BC (46.1%) in Model 7 (708-550 cal BC [95.4%] for
20). The narrower date range of Sample AA-110702 around 650 cal BC likely pushed the Tlatempa-
Texoloc transition to an earlier range and its most probable mode to 695 cal BC in the Complex
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Figure 6. Model 4NB (Sequence method at Complex C without boundary) with an insertion of the
Tlatempa-Texoloc boundary from Model 4 (Sequence method at Complex C). Horizontal bars under the
distributions are at 1o and 2o probability ranges.

C models. We favor 650 cal BC for the Tlatempa-Texoloc boundary because the oldest Texoloc samples
at Complex C calibrated to around 650 cal BC in Models 4, 6, 8 and 9. It is equally worth noting that the
most probable range of the youngest Tlatempa sample (AA-110689) in Model 4NB was 669-650 cal BC
(47.6%) (731-641 cal BC [95.4%] for 20; result consistent in Model SNB which used Tres Marias
samples) (Figure 6). This suggests 695 cal BC is too early a boundary date between the Tlatempa and
Texoloc phases. While there are critiques on the use of a mode (or intercept) for calibrating individual
dates (Telford et al. 2004; see also Michczyniska and Michczyniska 2006), the posterior probability
distribution of the boundary function is not a simple reflection of the calibration curve but its interaction
with multiple dates (or sets of dates) (Bronk Ramsey 2009b). Modes of boundary functions, therefore,
are model-specific and we believe this makes them a reliable statistic. The average of means for the
Tlatempa-Texoloc boundaries from Models 1-9 was 661£17 cal BC, supporting further a 650 cal BC
transition date. We discuss additional reasons for supporting 650 cal BC as the Tlatempa-Texoloc
transition date below.

Contiguous models built with different methods and samples consistently pointed to a Texoloc-Early
Tezoquipan transition around 540 cal BC, with modes as early as 555 cal BC and as late as 535 cal BC
depending on the model (Table 5; the mean ranges from 565 to 464 cal BC and the median from 569 to
469 cal BC). The youngest Texoloc sample from the Tres Marias Complex suggested a Texoloc-
Tezoquipan transition date around 545 cal BC. This charcoal was incrusted in a floor matrix, however,
so it likely represents the date of the last construction episode and, conceivably, human activities
persisted on this occupation level for several more decades. Given these data and line of reasoning, we

https://doi.org/10.1017/RDC.2024.86 Published online by Cambridge University Press


https://doi.org/10.1017/RDC.2024.86

18 T Murakami et al.

place the Texoloc-Tezoquipan transition around 500 cal BC. The average of means for this transition
(boundary) in Models 1-9 was 51638 cal BC, thus consistent with the modes.

In Models 1-3, we estimated the duration of the Texoloc phase using the Interval function, which
provides a probability distribution for its duration. In keeping with our treatment of radiocarbon dates,
we consider phase duration ranges at 68.3% of the probability density functions. Results were highly
consistent across the models. In Model 1, the most probable Texoloc phase duration was 65—-169 years
(56.3%) with a mode at 120 years, the mean at 105 years, and the median at 107 years (0-200 years
[95.4%] for 20). In Model 2, the most probable duration was 47-227 years (68.3%) with a mode at 120
years, the mean at 154 years, and the median at 146 years (0-311 years [95.4%] for 2c). In Model 3, the
most probable duration was 45-176 years (59.3%) with the mode landing at 115 years, the mean at 114
years, and the median at 111 years (0-240 years [95.4%] for 20). These estimates were based strictly on
radiocarbon samples and dates; the context of samples and their implications for human occupation
were not considered. These estimated durations, therefore, are likely underestimates, with the actual
duration of the Texoloc phase several decades longer. The estimated duration of the Texoloc phase can
be considered with the Texoloc-Tezoquipan boundary produced by the models as an additional method
for estimating the start date of the Texoloc phase. In other words, counting back 120 years from 540 cal
BC (mode for Texoloc-Tezoquipan boundary across models) leads to an estimated start date of 660 cal
BC for the Texoloc phase. This lends further support for favoring the mode at 650 cal BC as the
Tlatempa-Texoloc transition.

We use agreement indices to scan for problematic samples and discrepancies between model and
data in evaluating these results (Bronk Ramsey 2009b, 354). Sample agreement indices represent the
overlap between the distributions of unmodeled and modeled calibrated dates (i.e., overlap between the
original and marginal posterior distribution) (Bayliss 2007; Bronk Ramsey 1995, 2009b). A high
agreement index does not equate to a “better” or “more probable” model, as Bayliss (2007, 81) and
Hamilton and Krus (2018, 192) note, but rather consistency between the data (i.e., measured isotope
ratio of radiocarbon), probabilities, and model (e.g., stratigraphic order) (Bronk Ramsey 1995, 2009b).
Thus, low agreement indices can signal sample intrusions, errors in measurement, or incorrect/unlikely
parameters and priors (Bronk Ramsey 2009b, 356). An agreement index of 60% is the commonly used
threshold for considering samples as problematic (Bronk Ramsey 1995, 2009b). We use this threshold
in evaluating results here, but not without critical evaluation.

Overall agreement indices range from 73% (Model 9) to 108% (Model SNB) and model agreement
indices range from 65% (Model 9) to as high as 108% (Model 5NB), suggesting no salient
inconsistencies between data and models. Importantly, agreement indices for individual samples are
high across models and methods. Agreement indices near the 60% threshold for Samples AA-109309
(Models 1 and 3), AA-109313 (Model 1), and Sample AA-112583 (Model 6). There are only three
instances in which the sample agreement index drops below 60%: Sample AA-110686 at 58% in Model
6 and Sample AA-110702 at 51% in Model 8 and 46% in Model 9. We retained Samples AA-110686
and AA-110702 in our models because they were not consistently problematic across iterations. Thus,
agreement indices overwhelmingly suggest no problematic discrepancies, confirming all models as
“valid interpretations of the evidence” (Bayliss 2007, 81).

Despite all being “valid” interpretations, we find certain models more compelling, and patterns
emerge consistently across them. It seems clear that the sequence from Complex C started earlier than
the sequence from the Tres Marias Complex. We observe this when comparing the models that
separated the samples from each complex (i.e. Models 4 vs. 5; Models 6 vs. 7; Table 4). In Model 8
(Figure 7), the sequences from the two architectural complexes were treated as overlapping within a
single phase and the pattern holds: the Complex C sequence started earlier (Figures 7 and 8). This
observation can account for the poor fit between Model 9 and the data as the start date was cross
referenced between the two complexes (we also created a model to cross reference the end date, but its
model agreement index was below 60% and so it was not presented in this paper).

It is equally clear that the sequence from the Tres Marias Complex endured longer than the sequence
from Complex C. The youngest sample from the Tres Marias Complex seems to be on the final segment
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Figure 7. Bayesian Model 8 (Overlapping Sequence method for both complexes) of the Middle
Formative period at Tlalancaleca (Tezoquipan phase is not shown). Horizontal bars under the
distributions are at 1o and 2o probability ranges.

of the Hallstatt Plateau, thus serving to define the end of the Texoloc phase. While there were no

substantial variations across modes with respect to the end date of the Texoloc phase, the mean values
from models using samples from the Tres Marias Complex were consistently younger than the mean
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Figure 8. Start and end dates of the Texoloc sequence for Complex C (left) and Complex Tres Marias
(right) within Model 8 (Overlapping Sequence method for both complexes). Horizontal bars under the
distributions are at 1o and 20 probability ranges.

values of models based on samples from Complex C (Table 5). We also see this in the overlapping
sequences between the two complexes in Model 8 (Figures 7 and 8). So, while there was certainly
substantial overlap between the two complexes, it appears that data from Complex C served best to
define the start of the Texoloc phase while data from the Tres Marias Complex served to estimate its end
date. The most likely start date of Complex C’s sequence of Texoloc samples (not the Texoloc phase) in
Model 8 is around 650 cal BC (Figure 7) and we think our current data support this interpretation,
though we cannot fully discard the possibility that the Texoloc phase started as early as 700 cal BC.

Given that the start and end dates of the Texoloc phase represent our estimates based on currently
available evidence, it is crucial to analyze their uncertainties. Each model shows the 16 and 2c ranges
for phase transitions (Tlatempa-Texoloc in Table 4; Texoloc-Tezoquipan in Table 5) and this allows us
to compare the most probable ranges across models. The most probable 1o ranges for the Tlatempa-
Texoloc transition (where the central mode is located) vary from 35 years (661-626 cal BC) in Model 5
to as high as 105 years (731-626 cal BC) in Model 8; the mean of these ranges across models is 59.78
years and the median range is 47 years. We can consider the Tlatempa-Texoloc transition date using the
mean value, assuming all models carry some validity. The average of means across the contiguous
models is 661 cal BC with a standard deviation of *17 years (means are more or less normally
distributed). The standard error of the mean is 5.6 and the 95% confidence interval is 674-648 cal BC or
+13 years from the mean (numbers are rounded). We also calculated 95% credible intervals using
Bayesian statistics with IBM® SPSS® Statistics 27. The result was 677-645 cal BC or 16 years from
the mean (numbers are rounded). Considering all of these probable ranges, we conclude that our
uncertainties for the Tlatempa-Texoloc transition date are on a scale of 30 years (or 15 years) or so.

For the Texoloc-Tezoquipan boundary, the 1o range varies from 67 years (575-508 cal BC) in
Model 1 to 144 years (592-448 cal BC) in Model 2. The mean of these ranges across the models is 102
years and the median is 94 years (i.e. around 50 years). The mean average is 516 cal BC with a
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standard deviation of +38 years. The standard error is 12.7 and the 95% confidence interval is 545487
cal BC or +29 years from the mean. The Bayesian 95% credible interval is 552-480 cal BC or +36
years from the mean. Our estimate of the Texoloc-Tezoquipan transition date, therefore, is less certain
with uncertainties on a scale of 60—80 years (or 30 to £40 years). This is due to the small size of Early
Tezoquipan samples and so future research will need to obtain more Early Tezoquipan samples to
remedy this limitation.

Summary

In summary, our analyses suggest the Texoloc phase began around 650 cal BC and lasted approximately
150 years, ending around 500 cal BC. Our work corroborates the latest revision of the Formative period
chronology in central Tlaxcala by Lesure and colleagues (2006, 2014). They proposed that the Texoloc
phase spanned 650 to 500 cal BC based on radiocarbon dates and ceramic cross-dating with the Basin of
Mexico. Such work (including that of Tolstoy 1978) marked an important advance in refining the
Middle Formative chronology and point of departure for future study. Murakami (2022) recently
corroborated their proposed date of 650 cal BC for the Zacatenco-Ticoman transition by recalibrating
published dates from the Basin of Mexico and Bayesian modeling. The current study builds on this
collection of work, analyzing for the first time the Tlatempa-Texoloc transition based on data with direct
stratigraphic superposition. Concordant results between these independent projects provides a strong
basis for chronology building in Central Mexico.

The point-estimate for phase transition dates in chronology building is commonplace but we need to
be cautious about its use (e.g., Telford et al. 2004). Its ubiquity reflects archaeologists’ conception of
archaeological phases as discrete spatio-temporal entities (Cowgill 1996), which is fitting for transitions
that were presumably abrupt. However, phase transitions could also occur gradually, in which case they
are better regarded as a range without clear boundaries. If this was the case, transitions should be
examined through independent lines of evidence, such as careful observations of stratigraphy and
ceramic seriation. Our impression is that the Tlatempa-Texoloc transition corresponds well to
construction activities at Compound C7 and the Tres Marias Complex, but we will continue to verify
this further during future research.

Conclusion

Bayesian modeling of radiocarbon dates from well-documented Tlatempa, Texoloc, and Tezoquipan
levels supports the placement of the Texoloc phase at 650-500 cal BC. This phase marks the onset of
population nucleation at Tlalancaleca and probably other sites in Central Mexico as well. The ceramics
characteristic of the Tlatempa, Texoloc, and Tezoquipan phases have been documented at Xochitécatl
(Serra Puche et al. 2004), Totimehuacan (Spranz 1970), Amalucan (Fowler 1987), Cuauhtinchan Viejo
(Seiferle-Valencia 2007), and La Laguna (Carballo 2016) among other centers (see Plunket and
Urufiuela 2005; 2012 for an overview of the Puebla-Tlaxcala Valley). Ceramics of the contemporaneous
phases (Zacatenco and Ticoman) in the Basin of Mexico have been reported at Cuicuilco (Heizer and
Bennyhoff 1972; Muller 1990) and Tlapacoya (Barba de Pifia Chdn 1980; Niederberger 1976) among
others (see Sanders et al. 1979 for general overview). Scholars agree that these sites were mid- to large-
scale urban centers during the Late Formative period and whose origins likely lay in the Middle
Formative. That “great towns” or “cities” (Garcia Cook 1981, 257) were established concurrently, and
ceramics changed concordantly in the Basin of Mexico and Puebla-Tlaxcala Valley during the Texoloc
phase implies processes of social transformation that were macroregional in scale, although there might
have been temporal variations in the timing of initial population nucleation and subsequent urban
transformations. To date, the internal chronologies at many of these sites are not well established or
complicated by a fragmentary archaeological record. That early work focused on monumental structures
only narrowed further the window from which to understand trajectories of urban development.
Tlalancaleca represents perhaps the only case where the internal chronology is relatively well-
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established and diachronic settlement changes are mapped. This study has corroborated and highlighted
the short duration of the Texoloc phase (150 years instead of 450 years as initially proposed by Garcia
Cook). By implication, the process of population nucleation at Tlalancaleca was a much more rapid
process than previously thought. Future research will need to confirm whether processes of population
nucleation were equally rapid at other sites.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.1017/RDC.2024.86
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