








Figure 3.4. Northern Rio Grande and Jemez chronologies.
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based on the densities of earlier artifact types, but with decreasing certainty the further back in
time (Liebmann et al. 2016). The consequence of this uncertainty is that only generalized
interpretations of population dynamics are possible for Ancestral Pueblo communities of the

Jemez Plateau.
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Figure 3.5. Jemez and Pajarito Plateau momentary mean population estimates with
intervals of hydrological droughts identified between AD 1100-1700.

Culture histories of the Pajarito Plateau benefit from more long term academic research
projects and a material culture more amenable to population reconstructions. Recently, Ortman
(2016) synthesized architectural, ceramic, and ethnohistorical data from the Northern Rio Grande

region to develop diachronic population histories for Ancestral Tewa communities. His dataset
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included the entirety of the Pajarito Plateau, which includes half of my study area. A 17-period
chronology from AD 900-1760 anchors the settlement history. Table 3.3 presents Ortman’s
scheme, with site counts and population estimates by time period for the portions of the Pajarito
Plateau within the project area. Ortman’s more finely divided sequence falls within Orcutt’s
broader framework. I should note that the Ancestral Pueblo components of these chronologies
are based largely on ceramic cross-dating and tree-ring data, with relatively few radiometric
ages. Ortman (2016) analyses total ceramic counts recovered from each site that are apportioned
through a uniform probability density analyses to develop a series of probabilities for the number
of rooms occupied per site, through time (Ortman 2016). Momentary mean population estimates
of these sites are based on apportioning inhabitants to site-specific room counts. Estimates of
occupied rooms by site are then summed by time period (with a probability error) to generate a
regional momentary mean population within the project area of the Pajarito Plateau (Figure 3.5,
Table 3.3). This allows population estimates by time periods at both the site and regional level
for the Pajarito Plateau, as well as for adjoining regions of the Northern Rio Grande in his study

area, such as the Chama and Santa Fe areas.

3.4 Early Developmental Period/San Ysidro Phase (AD 600-1050)

The expansion of agriculturalists living in permanent residences occurred in both regions
during what is locally known on the Jemez Plateau as the San Ysidro Phase (Kulisheck 2005)
and the Early Developmental Period on the Pajarito Plateau. The constellation of attributes
characteristic of the Developmental Period includes the use of ceramics and living in pithouses.
Both regions have little archaeological evidence for the early portion of this period, which is not

surprising as this period did not develop as quickly in the Northern Rio Grande as it did in
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Table 3.3. Chronology and momentary mean population estimates for the Pajarito Plateau

project area (based on Ortman 2012, 2016).

Period | Period Name Dates Period # Mom. | Mean# Pop.
Number (AD) Length | Sites Mean | Persons | Density
Pop. Est. | persite | (per/km?)
1 Early 900-1050 150 109 165 1.5 0.2
Developmental
2 Middle 1050-1150 100 341 1088 3.2 1.3
Developmental
3 Late 1150-1200 50 575 3160 55 3.8
Developmental
4 Early Coalition 1200-1250 50 1215 5722 4.7 6.9
5 Middle Coalition I | 1250-1280 30 1336 | 10798 8.1 13
6 Middle Coalition Il | 1280-1315 35 1220 | 11267 9.2 13.6
7 Late Coalition 1315-1350 35 604 9579 15.9 115
8 Early Classic 1350-1400 50 507 6524 12.9 7.9
9 Middle Classic | 1400-1425 25 400 6042 15.1 7.3
10 Middle Classic Il 1425-1450 25 351 4584 13.1 55
11 Late Classic 1450-1515 65 335 3948 11.8 4.8
12 Terminal Classic 1515-1550 35 308 2087 6.8 2.5
13 Contact 1550-1600 50 175 2040 11.7 2.5
14 Early Colonial 1600-1625 25 14 387 27.6 0.5
15 Pre-Revolt 1625-1650 25 9 279 31 0.3
16 Revolt 1650-1700 50 11 514 46.7 0.6
17 Reconquest 1700-1760 60 6 167 27.9 0.2

other regions of the Southwest (Reed 2000; Vierra 2005). In the Jemez Plateau region, no mesa-

tops sites date to this period. A few possible pithouse sites are found along river terraces below

the confluence of the Rio Guadalupe and Jemez Rivers, down to the confluence of the Jemez

with the Rio Salado (Kulisheck 2005). The Jemez Cave site, located in San Diego Canyon near

the Soda Dam, has archaeological materials deposited stratigraphically above the Archaic

horizons, which should date to this period. The archaeological remains are interpreted to

represent only seasonal occupations in the uplands, with evidence of maize horticulture to

supplement wild flora and fauna (Ford 2013).
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Populations were small on the Pajarito Plateau as well. Pithouses are confined to nearby
lower elevations off of the Pajarito (Van Zandt 2006: 71). Ortman’s database identifies 109 sites
to the latter portion of the Early Developmental (AD 900-1050) and he estimates a momentary
mean population of only 165 persons for the entirety of the Pajarito Plateau. Both cultural and
natural site formation processes likely serve to obscure these early components (Drakos and
Reneau 2013), but under these conditions with such limited populations it is no surprise that
neither evidence for water management, nor politically integrative architecture are identified

during the Developmental Period.

3.5 Late Developmental Period/San Ysidro Phase (AD 1050-1200)

The Late Developmental Period (AD 1050-1200) sees the first appreciable increase in
occupations on the mesa-tops of the Pajarito Plateau. The lack of refinement within the Jemez
chronology precludes differentiating between the Early and Late Developmental on the Jemez
Plateau. On the Pajarito we see the first examples of masonry architecture and mesa-top
habitation sites with extended or multiple households (Van Zandt 2006). Figure 3.6 depicts the
distribution of large archaeological sites (> 12 rooms) on the Pajarito Plateau. Ortman (2016)
classifies three aggregated site types based on room counts: hamlets (>12 rooms), villages (>50
rooms), and towns (>500 rooms). His size designation is based on a site’s maximum population,
none of the towns (i.e., Pueblo Cafiada, Otowi, and Guaje) achieved their maximum population
by the Late Developmental Period. Ortman (2016) apportions 341 sites on the Pajarito Plateau to
AD 1050-1150 and he estimates a momentary mean population of 1,088. Towards the end of this
period, Ortman estimates 3,160 persons living at 575 sites across the Pajarito Plateau between

AD 1150-1200 (Table 3.3). This corresponds to Van Zandt’s (2006) interpretation that most of
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the population increase during the Developmental occurred during the last 50 years of this
occupation span. Architecture consists of small adobe structures and a few sites with what are
possibly roomblocks. Subsistence still appears to be mixed foraging and horticulture, with no
reliance on maize (Vierra and Ford 2006). There are no reported water management features for
this time period and occupation sizes are small hamlets with little evidence for political

differentiation or hierarchies.

3.6 Early Coalition Period/Vallecitos Phase (AD 1200-1280)

The archaeological records of both regions expanded significantly during the Coalition
Period. This period is called the Vallecitos Phase on the Jemez and it is broadly analogous to the
Coalition Period of the Pajarito (Kulisheck 2005). Populations increase and there is
archaeological evidence for year-round habitation on mesa-tops in above ground structures.
During the Early Coalition (AD 1200-1280) these structures are small linear to rectangular
roomblocks, typically with 10 rooms or less, but with a few larger communities (Preucel 1990;
Kulisheck 2005). In Figure 3.7 | compare the distributions of aggregated communities in both
regions, using the same site size criteria. The Jemez data comes from Kulisheck (2005: Table

A.1) and it is based on room counts, just like Ortman’s dataset (2016).

Jemez sites identified as villages and towns likely were not at their maximum population
during the Vallecitos Phase and instead were likely being first established. Excavations of Early
Coalition roomblocks of hamlets in Bandelier (Kohler and Root 20044, b) find that resource
intensification was occurring, with increased reliance on domesticates, but with wild game
resources still an appreciable part of the diet. The more productive 12-14 row maize varieties

developed during this time period, to which increased maize production can be inferred (Vierra
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Figure 3.6. Distribution of aggregated sites on the Pajarito Plateau during the
Developmental Period (AD 900-1200). Areas highlighted in yellow denote the spatial range
of all archaeological sites dating to this time period.

Ford 2006). Hamlets and 1-2 room structures began to fill in the landscape of the Pajarito and a
few centralized villages developed. Ortman (2014) models a momentary mean population

estimate of 5,722 persons during the Early Coalition (AD 1200-1250) (Table 3.3). Population
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nearly doubles towards the end of the Early Coalition on the Pajarito, expanding rapidly between
AD 1250-1280 to a momentary mean estimate of 10,797 persons (Table 3.3). At this time there

would be 20 villages with a hundred or more inhabitants and seven with 200 or more people. By
comparison, on the Jemez there are possibly two pueblos with comparable populations, Patokwa
(LA96) and Little Boletsakwa (LA136), 11 hamlets, and 4 villages (Kulisheck 2005: Table A.1).
Most of these hamlets are found in or near San Diego Canyon on terraces overlooking the Jemez

River, or to the east along Vallecitos Creek, and San Juan Canyon.

Such a rapid increase in population exceeds the rates for in situ growth (Crown et al. 1996:
195-196). There is a growing consensus that immigration is the only way to achieve such rapid
population growth and multiple lines of evidence indicate that the source population was the
northern San Juan Basin and adjacent areas of the Four Corners region (Duwe 2011; Ortman
2012). Models of alternative routes of migration show that travel through the Jemez Mountains
and into the Northern Rio Grande by way of the Pajarito Plateau was an efficient route of travel
between these regions (Safi 2014). For the Jemez Plateau, some archaeologists have long linked
the coincident abandonment of the Gallina Phase occupations to the northwest as a possible
source population for the Jemez (e.g., Ford et al. 1972; Ellis and Dodge 1989). Recent
archaeological interpretations by Elliott (1998), as well as Jemez oral traditions (see quote by
Whatley in Roberts 2010) do not support this hypothesis. Instead migrants to the Jemez, which
do not appear to arrive in as large numbers as those of the Pajarito during the Vallecitos Phase,
are likely from the Four Corners region as well. Yet Kulisheck (2005) reports that only a limited
number of ceramic finds near the modern village of Cafion along the Jemez River have stylistic
affinities to the San Juan Basin, supporting hypotheses for alternative origins, such as

endogenous development or possibly immigration from other regions (Kulisheck 2005).
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Figure 3.7. A comparison of Vallecitos Phase/Coalition Period (AD 1200-1350) aggregated
site distributions between the Jemez (left) and Pajarito (right) Plateaus. Areas highlighted
in yellow denote the spatial range of all archaeological sites dating to this time period.

The “filling in” of the landscape with dispersed hamlets lacking community-integrating
communal architecture suggests there was minimal collective action above the household level
during the Early Coalition. Studies of changes in ceramic form and paint styles found little
conformity in ceramic styles at hamlet sites on the Pajarito, which was argued to reflect less
cooperative social structures during the Early Coalition (Kohler and Root 20044a, b). Communal
structures, like subterranean kivas, appear at some Pajarito sites, but none are reported at
Vallecitos Phase sites on the Jemez Plateau (Kulisheck 2005). During the Early Coalition Period
and Vallecitos Phase we see what may be the origins of a dual settlement pattern, with a
landscape populated with both increasingly aggregated villages and small 1-2 room structures,
referred to as field houses (Kulisheck 2005). These small structures, found in both regions, are

inferred to be sites of household-level agricultural production. The few water control features
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identified during inventory surveys at Bandelier, such as V-shaped agricultural check dams, are
associated with small hamlets and field houses, suggesting water management occurred, but that
it was coordinated at the household level, and most likely for moisture retention for agricultural

production (Rory Gauthier, 2013, personal communication).

If immigrants drove population increases, then the minimal coherence of social institutions
and organizations we see when compared to what is seen in the “donor” populations of the Mesa
Verde region potentially reflects a shift to less centralized forms of social organization. Rather
than an immediate “transplant” of social institutions from the Mesa Verde world, it appears that
extant locals and immigrants coalesced while “filling in” the landscape with households and
family-scaled hamlets and small multi-family villages. However, the rapid reorganization
towards the Late Coalition on the Pajarito, perhaps driven by a larger influx of immigrants due to
the late 13™ century “Great Drought” in the Four Corners region, suggests that collective action
strategies of social organization, whether brought by immigrants or locally developing, took
shape on the Pajarito Plateau by the end of the Early Coalition and into the Late Coalition Period.
This does not appear to be the case in the less densely settled Jemez Plateau during the Vallecitos

Phase.

3.7 Late Coalition Period/Vallecitos Phase (AD 1280-1350)

Populations of the Pajarito Plateau reach their peak during the Late Coalition Period.
Unfortunately the archaeological record of the Jemez Plateau isn’t finely resolved enough to
identify intra-period changes during the Vallecitos Phase. Kulisheck (2005) identifies multiple
instances along the eastern portions of the Jemez Plateau where aggregated pueblos dating to the

Vallecitos Phase cluster within the same catchment area. In other contexts, such as Chacoan
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occupations, such spatial clustering of small pueblos is seen as evidence for inter-community

cooperation and exchange (Roney 1996).

During this period population and settlement distributions reach their peak on the Pajarito,
with an estimated momentary mean population of 11,267 persons between AD 1280-1315 (Table
3.3). The spatial distribution of sites across a range of niches of the Pajarito Plateau is interpreted
as a “filling in” of the landscape, perhaps by late-comers forced to take less desirable lands
(Gabler 2009). Even though regional population may have reached its peak, village population
densities were still lower than the Classic Period. Part of this is due to the continued occupation
of small hamlets and field houses (Preucel 1990; Ortman 2016). Schmidt’s (2008) investigation
of faunal remains from excavated roomblocks at Coalition sites at LANL found evidence for the
continuation of diversified subsistence strategies with wild plant and animal sources persisting as
important parts of diet. Kohler et al. (2004a), supported by detailed ceramic studies in
Curewitz’s dissertation (2008), show that ceramic styles begin to standardize across the region
during the Late Coalition, which they interpret as the emergence of cooperative networks and
regional expressions of identity. Communal features, like kivas, are present across the Pajarito
although kivas continue to be constructed across the spectrum of community sizes (hamlets to
towns). Van Zandt (1999: Table 6.22) found that kiva floor areas remain constant through
approximately AD 1375, indicating only small numbers of people could use these features at any

one time, which contrasts with the Great Kivas seen later in the Classic Period.

By the end of the Coalition Period (AD 1315-1350) on the Pajarito Plateau the momentary
mean population shows a decrease to 9,579 persons (Table 3.3). The first decadal scale dry
period after communities aggregate on mesa-tops begins after the end of this period in 1358

(Table 3.1). The dual residence pattern (Ortman 2016; Preucel 1990) and similar architectural
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elements (kiva size and numbers, etc.) on the Pajarito continue, but we begin to see population

densities at large villages increase (Table 3.3).

Returning to the Jemez Plateau, relatively few field house sites date to the Vallecitos Phase
(Kulisheck 2005), but their presence in conjunction with aggregated communities suggests either
the beginning of the dual residence pattern in the Jemez, or the continuation of low population

densities. Only more refined chronologies of Jemez sites can help to resolve this uncertainty.

3.8 Early to Middle Classic Period/Paliza Phase (AD 1350-1450)

The Classic Period and Paliza Phase are defined in the Jemez Mountains by the
intensification of maize agriculture, coalescence of communities into large aggregated pueblos,
and archaeological manifestations of different regional ceramic types suggesting the
ethnogenesis of the modern Pueblo began during the Classic Period. Archaeologists interpret
many aspects of the archaeological record associated with this ethnogenesis with the increased
deployment of collective action strategies to mitigate risks associated with resource scarcity and
increased population densities (Kohler et al. 2004a; Orcutt 1991). Villages in both regions
became large, but there are major differences in settlement patterns (Figure 3.8). First,
commensurate with the increase in village sizes on the Jemez Plateau was an increase in overall
regional population. By contrast, populations of the Pajarito begin their decline, with regional
populations living almost exclusively in aggregated communities. During this Early Classic
Period (AD 1350-1400) the Pajarito Plateau momentary mean population was approximately
6,524 persons (Table 3.3). Fewer Ancestral Pueblo people on the Pajarito appear to have
maintained the dual residences of field houses and villages and instead chose to live in

aggregated villages during a time punctuated by two decadal scale droughts (Table 3.1). Field
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houses on the Pajarito Plateau are also smaller than those of the Jemez Plateau and have fewer
storage features (Dolan et al. 2017). As | will examine in more detail in Chapter 8, Pajarito

villages are increasingly found closer to water sources during the Classic Period.

Scholars hypothesize that the ethnogenesis of Keres and Tewa peoples began during the
Classic Period. This is based on intra-regional differences in material culture, the spatial
patterning of sites across the Pajarito Plateau (Walsh 2000), and oral traditions among
descendant communities (Vint 1999). Glaze-painted ceramics, which historically were made by
Keres peoples, were introduced across the southern Pajarito Plateau during the Classic Period
(Kohler et al. 2004a:216). Concentrations of glaze painted ceramics are highest from Frijoles
Canyon southward. Biscuitwares and incised types, which historically were made by Tewa
peoples, were predominant to the north of Frijoles Canyon (Kohler et al. 2004a:216). For
example, only 7.6% of the sherds analyzed at the town site of Tsirege (LA170), the first large
town north of Frijoles Canyon divide, were identified as Rio Grande glazewares (Duwe 2011:
620). Even so, having 7.6% glazeware sherds is considered high for an Ancestral Tewa site.
There are differences in the distribution of stone tool raw material types as well. Pedernal chert
dominates artifact assemblages north of Water Canyon (just to the north of Frijoles Canyon),
while Obsidian Ridge-Rabbit Mountain obsidian sources dominate assemblages to the south
(Kohler et al. 2004a: 217). Cultural affiliation studies for Bandelier National Monument, which
incorporated historical ethnographic data and modern oral traditions of descendant communities,
also identified this cultural split, with Frijoles Canyon being the shared boundary between
Ancestral Tewa cultural areas to the north, and Ancestral Keres to the south (Levine and Merlan

1997).
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Figure 3.8. A comparison of Paliza Phase/Early Classic Period (AD 1350-1450) aggregated
site distributions between the Jemez (left) and Pajarito (right) Plateaus. Areas highlighted
in yellow denote the spatial range of all archaeological sites dating to this time period.

Kohler et al. (2004b) hypothesized that craft specialization and inter-regional trade were
critical strategies for buffering resource scarcity during the Classic Period on the Pajarito
Plateau. There is archaeological evidence for specialized production of ceramics, obsidian tools
and potentially cotton textiles (as inferred from the recovery of bone awls). Kohler et al. (2004b)
argue that inter-regional trade and markets for exchange may have developed in the Northern Rio
Grande area. Studies of artifact relatedness and provenience studies (Duwe 2011; Curewitz
2008) find that ceramics made on the Pajarito Plateau, as well as obsidian from the Jemez
Mountains, were exported from the Pajarito Plateau and into the Northern Rio Grande. These
trade networks and inter-regional economic and social ties during a period of ethnogenesis, may

have served as a “pull” for mesa-top villagers during the Classic Period to join related
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communities found off of the mesa-tops of the Pajarito Plateau in other lowland regions of the

Rio Grande Valley.

Ascertaining the degree to which craft specialization occurred on the Jemez Plateau is
challenging due to the lack of excavated sites, but surface surveys suggest limited inter-regional
trade, as trade wares make up very minor components of archaeological assemblages (Matt
Liebmann, 2015, personal communication). Far more work will need to be done to generate data
and synthesize the existing evidence to further test these hypotheses, but the aforementioned
studies, as well as regional population studies (Duwe 2011; Ortman 2016), support the argument
that emerging economic networks, and integrative ideologies across the Northern Rio Grande,

fundamentally reorganized the social landscape during the Classic Period.

Towns and villages became the focus of settlement in both regions. Towns, aggregated
communities with greater than 500 rooms, are relatively evenly spaced across both regions
(Figure 3.9). Towns typically have multiple kivas, large plazas, and multi-storied roomblocks.
Great Kivas appear in both regions during this time. Mean floor areas of kivas increase from
~10-15 m? during the Coalition Period to 40-70 m? in the Classic Period of the Pajarito Plateau
(Van Zandt 2006: Table 8.5). This suggests that kivas were the setting in towns and villages for
integrating larger social groups. Many of the towns and large villages also have reservoir
features, which I discuss in detail in relationship to social organization and resource management
in subsequent chapters. Yet, by the Middle Classic Period (AD1400-1450) the estimated regional
population on the Pajarito Plateau had dropped to 4,584 persons (Table 3.3) and we see the
nearly complete decline of the use of field houses (Ortman 2016). The dual residence settlement
pattern fell into disuse and communities atop the Pajarito Plateau were increasingly concentrated

into villages. By contrast, Kulisheck (2005) identifies an increase in the number of villages and
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towns during the Paliza Phase on the Jemez Plateau, while also the continued use and occupation

of field houses.

Out-migration is the most widely accepted explanation for population decline across the
Pajarito Plateau. Duwe (2011) argues, based on evidence from ceramic petrography and
demographics that populations moved off the mesa-tops and into surrounding areas to the north,
such as the Rio Chama, during the Classic Period. This is echoed by Ortman (2016) and
supported by his population estimates for the Chama region (Figure 3.9). The greatest increase in
Chama populations occurred during the late 14™ and early 15" centuries. This is well after the
depopulation of the Mesa Verde region in the late 13" century, to which the rapid rise in the
Chama area population is usually attributed. Gabler (2009) identifies another vector of
movement, with an intra-regional redistribution of sites southward across the Pajarito Plateau
during the Classic Period. It is notable that Cochiti oral traditions speak to a gradual movement

south across the Pajarito Plateau during prehispanic times (Preucel 2005).

The possibility that Ancestral Pueblo people of the Pajarito Plateau moved west to the Jemez
is neither well supported in Pueblo oral traditions (Levine and Merlan 1997), nor in the
archaeological evidence. Shepard’s (1938) petrographic analysis of glazewares at Jemez sites did
identify Pajarito glazewares at Jemez sites, suggesting there was some Classic Period interaction
between these regions. However, the numbers of glazeware sherds recovered in ceramic
assemblages at Jemez Plateau sites are exceedingly low (Liebmann 2006, 2012: 130; Morley
2002), no Biscuit wares are recovered (Creamer 1996), and there is little to no evidence for
Jemez Black and White ceramics on the Pajarito Plateau (Rory Gauthier, 2013, personal

communication).
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Figure 3.9. An intra-regional comparison of momentary mean population histories in the
Northern Rio Grande, with drought periodicities between AD 1100-1700.

3.9 Late Classic/Jemez Period (AD 1450-1600)

By the Late Classic Period, populations on the Pajarito Plateau were clustered in a few areas,
mostly along Frijoles Canyon and at the large villages of Tsirege and Tsankawi. All of these
locations are close to perennial water sources (Figure 3.10). On the Pajarito Plateau, momentary
mean population estimates drop from 3,948 persons at the beginning of period to 2,040 persons
by the end (Table 3.3). The few Pajarito population centers are large villages or towns. The most
prominent site is Perege (LA84), a site located just outside of my study area overlooking the Rio
Grande that is ancestral to San lldefonso Pueblo. This village is the closest lowland Rio Grande

valley site of a size, location, and architectural layout more typically seen upstream on the Rio
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Grande and in the Rio Chama. If Perege is added to the population total, it alone would make up
38% of the Pajarito momentary mean population between AD 1450-1515, while the estimated
populations of three town/village sites make up 47% of the entire Pajarito Plateau population
between AD 1515-1550. All four sites would make up 73% of the overall momentary mean

population estimate between AD 1550-1600.

By comparison, populations peak across the Jemez Plateau during the Jemez Period. There is
an increase in very large settlements west of Canyon San Diego and likely for the first time a
higher overall population than that of the Pajarito Plateau (Figures 3.9). Based on room counts
and population estimates (Liebmann et al. 2016) many of the Jemez Plateau towns were far
larger than any Pajarito villages. Four sites (Seshukwa, Amoxiumqua, Kwastiyukwa, and
Tovakwa) have estimated room counts greater than 1,000 (Kulisheck 2005: Table A.1, and
Liebmann et al. 2016). The towns of the Jemez Plateau are often arranged around multiple
plazas, while most of the largest Pajarito villages still in use during the Late Classic are built
around a large central plaza. Field houses continued to be used on the Jemez Plateau (Kulisheck
2005), and presumably so did the continuation of the dual residence pattern. Both of these appear

to be abandoned on the Pajarito in the 1400s.

It is during this time period that we see the earliest historical descriptions of these regions.
Differences in the earliest interactions with the Spanish largely reflect the prehispanic
depopulation of much of the Pajarito Plateau. While the earliest interactions between Coronado’s
expeditionary forces and Pueblo peoples were focused on the Central and Northern Rio Grande
and not the Jemez Mountains, entradas were made to the Jemez area. Barrionuevo entered the
Jemez area as part of Coronado’s expedition in 1541 to ascertain the size of local populations

and resources of the region. In the late 16" century the region was documented by Gallegos,
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Figure 3.10. A comparison of Jemez Phase/Late Classic Period (AD 1450-1600) aggregated
site distributions between the Jemez (left) and Pajarito (right) Plateaus. Areas highlighted
in yellow denote the spatial range of all archaeological sites dating to this time period.

Espejo, and Ofate (Kulisheck 2005), although concerted efforts to missionize the Jemez did not
begin until the 17" century. Although the Spanish did visit Tewa communities of the Rio
Grande, the only village of the Pajarito Plateau they may have visited is Tsirege, although the

village is not named, and its visitation can only be inferred (Barrett 2002).

3.10 Historic Period/Guadalupe Period (AD 1600-1760)

By AD 1600 the Pajarito Plateau was largely depopulated, save for the village at Tsirege to
the north, a few hamlets and villages in Frijoles Canyon, and the Cochiti village of Kotyiti to the
south (Figure 3.11). By contrast, large occupations on Jemez Plateau, including villages on
mesa-tops far above perennial water, continued through the Pueblo Revolt and into the earliest

decades of the 18" century (Liebmann 2012). Populations did decline precipitously in the Jemez

65



region, but not in direct association with Spanish contact. Instead these began their rapid drop in
the 17" century, after congregacion led to widespread re-settlement in valley bottoms

(Liebmann et al. 2016).

Detailed comparative studies integrating historical sources, archaeological materials, and oral
histories of the Pueblo Revolt, reveal something of the social dynamics of this tumultuous period
(Liebmann et al. 2005; Liebmann 2012 Liebmann et al. 2017; Preucel et al. 2002). In both
regions, the mesa-tops became refuges for Pueblo communities, where some traditional practices
were revived and some long-standing villages, like Boletsakwa on the Jemez Plateau, were re-
inhabited (Liebmann 2012). Historical records of the movement of people between communities
of the Jemez Mountains is corroborated by archaeological evidence by obsidian sourcing at
Revolt Era sites (Liebmann et al. 2017) and more diverse ceramic assemblages from excavated
contexts (Wiseman 2017). It is not until after the 1700s that non-Pueblo peoples begin to make
their mark in the Jemez Mountains, whether by Spanish settlements and land grants (Simmons
1969), the arrival of Athabaskan nomadic tribes (Carrillo 1992), or the eventual incursion of

Anglo explorers, missionaries, and settlers in the 19™ century (Smith 2005).

3.11 Summary

This chapter provides the necessary background information to frame the environmental and
cultural variables in the SES model (Figure 3.1). Using a Jemez Mountains-specific
paleoprecipitation record | have identified multiple dry and wet periods through the duration of
my study. In so doing | have isolated dry periods in the paleoclimate record most likely to
influence hydrological systems. These periods are roughly analogous to regionally identified

mega-droughts, although there is some local variability in the timing and intensity of these
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events. These records are integrated into the paleohydrological model in Chapter 5, discussions

of reservoir use-life histories in Chapter 7, and in the synthesis and conclusions presented in

Chapter 9.
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Figure 3.11. A comparison of Guadalupe Phase/Historic Period (AD 1600-1760) aggregated
site distributions between the Jemez (left) and Pajarito (right) Plateaus. Areas highlighted
in yellow denote the spatial range of all archaeological sites dating to this time period.

In this chapter, | presented the first comparative cultural history between the Jemez and

Pajarito Plateaus that extends beyond the Revolt Era. Compiling such a comparative history

presented challenges, but they are nothing new to comparative archaeology (Smith 2011).

Differences in temporal resolution and population estimates limit the extent of these

comparisons. It is nonetheless evident that these regions share similar settlement patterns,

highland agriculturalist adaptations, and evidence for collective action strategies in social




organization associated with coalescence and aggregation, yet their population histories are
asynchronous. In nearly every instance, cultural developments on the Pajarito Plateau preceded
those of the Jemez Plateau. | will consider the implications of these differences, and particularly
for how natural resource management strategies influenced trajectories of cultural history, in

Chapter 9.
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Figure 4.3. Acoma cistern after a monsoon rainstorm, 2010.
(https://azexplore.files.wordpress.com/2010/08/acomacistern-2.jpg, with permission from

Mark Casey).

Though reservoir features may not be used today in the Eastern Pueblos, it would be
premature to say that reservoirs and other water storage features were not part of the lives of
communities of the Eastern Pueblos in the historical past, or that social institutions surrounding
water management systems didn’t continue, albeit in different forms. In his The Ethnogeography
of Tewa Indians, John Harrington has an entry for the Tewa name for archaeological water

reservoir features:

Pogwa - ‘water tank’ ‘water reservoir’ ‘basin of water’ (po ‘water’ + qwa).
The artificially constructed reservoirs of ancient Tewa pueblos were called thus.
(Harrington 1916:86)
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but what might happen during an event of longer severity? | believe the repeated examples of
Pueblos associating good governance with resource abundance suggests it is not unreasonable to
think the opposite would be true during times of resource scarcity. If so, collective action
strategies and infrastructure providers could be seen as ineffectual, and resource scarcity could

potentially be a driver of social changes, such as movement or social reorganization.

4.4 Pueblo Uses of Water Reservoirs and Geoarchaeological Expectations

The ethnographic record affords opportunities to identify behaviors surrounding reservoir use
that may leave behind archaeological signatures. In Chapters 6 and 7 | deploy a behavioral
geoarchaeology approach (Roos and Wells 2017) to evaluate alternative hypotheses as to how
prehispanic reservoir features functioned. Here, I identify and describe ethnographic elements of
reservoir construction, maintenance, and abandonment that may inform geoarchaeological
interpretations of archaeological water storage features (Table 4.1). These processes, and their
geoarchaeological correlates, are incorporated into my research design for site formation
hypothesis testing in Chapter 6, and in feature-specific discussions in Chapter 7.

Besides the sources already mentioned in this chapter and compiled in Table 4.1, a particular
set of observations made outside of the Eastern and Western Pueblos are especially relevant. The
Tohono O’odham in the Sonoran desert of Southern Arizona have a history (and prehistory) of
reservoir use. Historical records and late 20th century observations show they constructed water
storage features to collect water from both irrigation canals, as well as from surface runoff
(Nabhan 1986). Today these features are used primarily as stock tanks, but they continue to be a
part of traditional knowledge, and are discussed as part of revitalization movements of traditional

agriculture and foodways (Paganelli-Votto and Manuel 2010). Ethno-agronomic studies of these
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features in the 20" century provide a wide range of observations that may be archaeologically
relevant (Hutchinson 1982; Nabhan 1986). In addition, archaeologists have demonstrated the
prehispanic usage of these features (Bayman 1997; Bayman et al. 2004), which will be discussed
further in Chapter 6, and supports arguments for the endurance of these sustainable water

management practices.

Reservoir construction

Kirk Bryan (1925:147) observed that Tohono O’odham built reservoirs (represas) to
impound water by excavating soils to create a basin, and then used the excavated soil to create an
earthen berm downstream of the basin. Water storage was typically limited to the excavated
basin within the horse-shoe shaped berms. Once water entered into a reservoir the water
retention properties of the underlying soils or bedrock of the basin were a significant factor in
storage efficiency (NRCS 2005). A series of infilling flooding events are seen as necessary by
Hispanic ranchers to seal unlined stock ponds near Abiquiu, NM, as the fine-grained flood
deposits are understood to form an impermeable layer at the base of stock tanks (Michael
Bremer, 2016, personal communication). For the Tohono O’odham natural swales in alluvial
washes lined with fine-grained flood deposits were reported as loci for agriculture because the
water retained within these natural basins (McGee 1896).

Reservoirs can come in a range of sizes, can have different water sources, and not every
attempt to construct a reservoir results in a hydrologically efficient feature. First, reservoirs can
vary in size due to particularities of physical contexts, water demands, and management practices
reservoirs, even if they are constructed by farmers within the same culture (Hutchinson 1982:28).

The nature of the water source can have a considerable impact on feature morphology and
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landscape position (Crown 1987). Modified springs with walls to form a catchment basin like

those discharging at Hopi (Beaglehole 1937) or Zuni (Whipple and Ives 1856), or basins dug into

shallow water tables (Ortiz 1969) may not have drainage areas commensurate with potential

Table 4.1. Ethnographic practices of reservoir use and possible geoarchaeological

correlates.

Ethnographic practice

| Geoarchaeological correlate

Construction

Basin created through excavation of soils
to increase potential storage volume, soils
used in earthen berm (Bryan 1925:147)

Evidence of basin excavation, berm (particularly
the base and core of berm) constructed with
sediments with sedimentological and pedological
characteristics similar to soils of basin

Accumulating silts at bottom of basin
which form impervious, water-retaining
lining (M. Bremer, 2016, personal
communication, Nabhan 1986)

Lenses of silt and clay sediments, with generally
hydrophobic mineralogical properties at the bottom
of reservoir basins

Differing water storage efficiency between
features, dependent upon management
approaches (Hutchinson 1982:28)

In comparisons between features would see
variability in size, shape, and storage volume

Construction of water storage feature not
completed, or feature not functional
(Castaneda 2002:165)

Hydrological model and/or partial construction
suggests limited potential for water storage

Reservoir or “walled spring” is excavated
down to water table or a modified spring
to obtain water (Whipple and Ives 1856;
Ortiz 1969; Crown 1987)

Feature with little to no catchment area to collect
surface runoff, active spring discharging in basin
and/or evidence of hydric soils indicating shallow
water table

Reservoirs constructed to capture surface
runoff from rainfall events, snow melt, or
as holding pond for irrigation water
(Beaglehole 1937:27-31; Castaneda
2002:123; Hutchinson 1982; Loew
1875:177; Sekaquaptewa 1969)

Hydrological calculations of run-off from
catchment area will correspond to accommodating
storage volume of basins, evidence for additional
water management features (e.g., canals) if part of a
larger irrigation network.

Maintenance

Burning and clearance of vegetation in the
catchment area (Nabhan 1982:28)

Charcoal concentrations in basin sediments during
use-life higher and/or differences in fuel load/type
due to frequency of burning

Periodic cleanout of in-filling sediments
within the basins and berm repair (Ortiz
1969; Beaglehole 1937:27-31;
Sekaquaptewa 1969; Whiteley 1988)

Truncations in sediments of basin, possibly
majority of basin fill reflective of end of use-life
and post-abandonment, fine-grained basin
sediments added to berm

Daily Use
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Meeting places for daily visiting Domestic, non-water related debris along berms and

(Whiteley 1988; Sekaquaptewa 1969) near reservoirs

Trails leading to water sources from Physical trails and/or artifact distributions to and
villages (Gregory 1916:132) from water sources (Phillips and Leckman 2012)
Abandonment

Continued infilling of basin with Potentially unconformable depositional contacts if
sediments after abandonment (Ortiz post-abandonment changes in catchment area lead
1969:171) to differences in sedimentological characteristics,

rates, and soil development, potentially
conformable contacts if little change to catchment

area
Wetlands attracting wildlife (Whiteley Paleoecological evidence for post-abandonment
1988:99) changes in ecology

Breaching of berms (Hutchinson 1982) Portions of berm washed out

storage volumes like reservoirs capturing surface runoff. Finally, not all features built to store
water are completed or achieve their designed function. A particularly tragic example is the
failed water well dug in the winter of 1541 by the Pueblo of the Southern Tiwa village of Moho.
The mesa-top village faced a severe water shortage during a 50+ day siege by the Spanish, and
the villagers attempted to excavate a water well. During construction the well caved in, thirty
people reportedly died, and it apparently never provided water (Castaneda 2002:165). The
location of Moho is uncertain, with possible sites ranging from near Albuquerque to the Santa

Ana Mesa overlooking San Felipe Pueblo (Poling 2015).

Annual maintenance

Observations of reservoirs show that they require annual care. This includes not only
maintenance of the berm and basin, but the catchment area as well. The catchment areas of
Tohono O’odham reservoirs, up to 100 m upslope of the basin, were cleared during the dry

season (June) to facilitate surface runoff (Hutchinson 1982:28). This including burning
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vegetation off of the banks of the reservoir and the dry basin. Brush from clearance was used to
construct artificial weirs to further direct water towards the catchment basin. Charcoal from
routine burning may become incorporated in berm and basin fill sediments. Nabhan (1986)
observed that maximizing the efficiency of floodwater farming (including reservoirs) required
minor adjustments to infrastructure at critical times, including temporary features like additional
ditches, patches to berms, or brush weirs, to increase water recovery.

A major annual activity would be the cleaning out the reservoir basin and repairing of the
berm. These activities are reported for reservoirs (Ortiz 1969; Whiteley 1988) and springs
(Beaglehole; Sekaquaptewa 1969), and especially for irrigation canals (e.g., Ford 1977; Lange
1959). These clean-out events would remove sediments, truncating depositional sequences in the
basin and potentially disturbing unexcavated deposits through wet deformation. If reservoir basin
sediments are incorporated into berm fill then one would expect berm deposits to be an amalgam

of excavated natural soils and basin sediments.

Daily use

Reservoirs near villages were places of social gathering, where community members would
informally meet (Dennis 1940:150, Whiteley 1988:99,131). Therefore, | expect domestic debris
around features to reflect heavy traffic from repeated use, and potentially higher concentrations
of sherd fragments from jars associated with water collection. Yet, the ethnographic record also
shows a concern about cleanliness around water sources (Paytiamo 1932), as well as records of
cleaning out features and springs (Ortiz 1969; Sekaquaptewa 1969; Whiteley 1988). Basin fill
contemporaneous to reservoir use should be relatively free of artifacts while areas around and

outside the features may have high artifact concentrations. Daily trips to water sources,
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particularly if they are far from villages, may lead to the creation of trails. The geologist Herbert
E. Gregory noted that prominent Hopi trails going to springs, often with little accommodation for
topography or relief (Gregory 1916:132), and an Edward S. Curtis photograph from Hopi shows

female water carries traversing a well-worn path (Figure 4.4).

Figure 4.4. Hopi water carriers, ca.1900, by Edward S. Curtis (note well-worn path) (From
the New York Public Library, The Miriam and Ira D. Wallach Division of Art, Prints and
Photographs: Photography Collection, retrieved from
http://digitalcollections.nypl.org/items/510d47da-821b-a3d9-e040-e00a18064a99).

Abandonment
When features fall into disuse | would expect changes in aquatic habitats reflected in
paleoecological indicators persevered in sediments, sedimentation within basins, and breaches of

the berms. At Bacavi, loud frogs were cited as a problem when one of the artificial ponds fell
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into disuse (Whiteley 1988:99), suggesting that a wetlands developed within the pond. At Ohkay
Owingeh ponds dried up, in part because accumulating silts and clays were not cleaned out
(Ortiz 1969:170). From the Tohono O’odham we see evidence of breached berms, and local
impacts to vegetation with the cessation of burning and clearing (Hutchinson 1982). Therefore, if
reservoirs and catchment areas stop being maintained, or there are climatological or hydrological
changes — like the falling water table at Okah Owingeh — then | would expect to see breaches of
berms, and changes in sedimentation sequences, such as in rates of sedimentation, sedimentary
organics or geochemistry. Also, | may see increases in cultural detritus washing into the basin
with abandonment, as efforts to keep areas around water sources clean towards the end of the

feature’s use-life may be loosened.

4.5 Summary

This foray into the ethnographic literature may be an atypical exercise for a dissertation
focused on geoarchaeological data. Yet, it provides important perspectives across multiple
domains. First, it demonstrates the utility of common pool resource theory to better understand
social institutions, by drawing analogies from the ethnographic literature. It shows that social
institutions in Pueblo society were central to the management of water as common pool
resources, and that the operations of these social institutions were critical during periods of water
resource scarcity. The likelihood that institutions for the management for common pool
resources existed in Ancestral Pueblo communities is supported by the ubiquity of these
institutions and associated CPR features across the North American Southwest. That rules and
norms around reservoir storage features, which unlike irrigation canals do not have the same

problem with equivalency to introduced Spanish traditions of water management, existed in

100



some communities into the ethnographic present speaks to the endurance of collective action
strategies towards their management. The review of the literature also shows that property
relationships surrounding water were highly contingent upon the nature of the resource, such as
open access resources policies surrounding springs as compared to reservoirs, which were
subject to shifting access arrangements depending upon availability. The literature also shows
that the cost of resource acquisition was a critical factor in decision-making and collective
action. These observations will be particularly relevant in the least cost path models I present in

Chapter 8.

Testable hypotheses about functional aspects of reservoir construction, use, and abandonment
are integrated into a behavioral model of reservoir use-life histories, addressed in Chapter 6.
Finally, while I do not believe the ethnographic records of water management are either
extensive or detailed enough to evaluate whether some forms of Pueblo social organization are
more likely to successfully manage water CPRs than others, this exercise does provide
perspectives on the relationships between resource users, infrastructure, and infra-structure
providers, which will be critical for developing the diachronic socio-ecological systems models

in Chapter 9.
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CHAPTER 5. PALEOHYDROLOGY

In this chapter | address the questions of whether the hydrological system of the
Jemez Mountains is sensitive to droughts, and if so, how would water availability be
affected by droughts in the past? Here, | compile geological, hydrological, and modern
environmental data from the Jemez Mountains to assess the sensitivity of its hydrological
system to precipitation variability. Then, | develop qualitative paleohydrological models
of natural water availability for both study regions. The findings from this chapter are
used in two components of the SES model: hydrological systems and water resources
(Figure 1.3), and are relevant to discussions of reservoir hydrology and least cost

analyses of water acquisition costs.

5.1 Hydrology, Paleohydrology, and Traditional Pueblo Hydrological Knowledge

The hydrological cycle traces the movement of water between the atmosphere, land, and the
oceans (Chahine 1992). Characteristics of underlying geological formations have a significant
influence on where water is present in the landscape (Fetter 2000). Geological units that bear
water are aquifers, with saturated portions of the geological sequence referred to as the phreatic
zone, and unsaturated portions referred to as the vadose zone. There are two types of aquifers:
perched aquifers and regional aquifers. Regional aquifers are continuous, saturated geological

formations, which only have surface expressions as springs due to faulting, exposures of the
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formation, such as in deeply incised canyon bottoms, or some combination thereof (Stevens and
Meretsky 2008). Water accumulates within regional aquifers over millennia. Perched aquifers
are shallower than regional aquifers and are underlain by an impermeable stratum (an aquitard).
They are frequently discontinuous and localized, and typically understudied by hydrogeologists
because they lack economic utility in industrial, commercial, or municipal settings. That being
said, depending on the size of the perched aquifer and the scale of the demand, discharges from
perched aquifers can be sufficient for people to utilize, although they are more susceptible to
variability in precipitation than regional aquifers. Paleohydrology provides long-term
perspectives by studying water distribution and system function of hydrological systems in the
past (Baker 1998). Past systems are modelled by using modern hydrological observations,
paleoprecipitation records, and geomorphological reconstructions (Brown 1997). Such studies
are relevant to climate science modelers, to both understand current configurations of

hydrological systems and to model system change (Benito et al. 1998).

Archaeologists use paleohydrological research through geoarchaeological reconstructions of
alluvial systems. A few examples in North American Archaeology include using alluvial and
paleoecological data to infer evidence for Clovis Period droughts (Haynes 1991; but see Holliday
2000), alluviation rates in studies of site formation processes of archaeological sites in alluvial
settings (e.g., Ferring 1986), and integrating paleo-stream flow reconstructions with alluvial
records and cultural sequences to better understand early agricultural practices in the North
American Southwest (Nails et al. 2011). Hydroarchaeology, as recently conceived by Kirk
French (2009) and others (French et al. 2012; Jazwa 2016) links paleoprecipitation estimates and

watershed hydrology to develop models of stream discharges in relationship to population
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dynamics and water management systems. My study certainly fits within the aims of
hydroarchaeology.

However, an approach taken as part of the Village Ecodynamics Project (VEP) in the North
American Southwest inspired my study. Kenneth Kolm and Schaun Smith developed a
quantitative paleohydrological model to address questions about whether or not droughts reduced
surface water availability to the point where Ancestral Pueblo communities experienced water
insecurity (Kolm and Smith 2012; Smith 2008). Their model focuses on geohydrology, because
they hypothesized that springs were the most utilized water sources in their study area. Using
modeling software (Hydrological Systems Analysis), they integrated quantitative geohydrology
and present-day attributes of the hydrological system with tree-ring based annual precipitation
reconstructions (Smith 2008). Their model generated simulations of annual prehistoric drinking
water supplies and spatio-temporal reductions in water availability. However, when correlated
with models of prehistoric population, they found that water availability stayed within the
carrying capacity of regional population estimates (Kolm and Smith 2012:79). There was
nonetheless a correlation between population aggregations around perennial springs during
periods of reduced discharges; and agent-based model simulations run with increasing
populations through time found that individual agents expended greater energy on water
acquisition (Kolm and Smith 2012:83).

Many of the fundamental concepts of hydrology, rooted in concepts developing out of
Hellenic and Classical traditions (Biswas 1970), are paralleled in traditional Pueblo concepts of
water embedded in daily observation and practice (Figure 5.1). Harrington compiled nearly one
hundred Tewa expressions for water, including a name for springs with discharge rates sensitive

to rainfall, groundwater, the differences of properties of water based on its source, and
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correlating streamflow sinks to the presence of alluvial aquifers (Harrington 1916: 58, 81, 87).
Pueblo traditional ecological knowledge sees humans (through prayers and right actions) as vital
to the continued operation of the hydrological cycle. Saile’s (1990) model of Pueblo spiritual
geography shows the connections linking human communication to the spirit world to facilitate
rain, with loci for interaction with the spirit world at springs and lakes, and particularly wet
places in mountains. Visits by multiple tribes to the tops of mountains, such as Mount Taylor,
during droughts to pray and make actions to encourage precipitation demonstrate the association
between moisture and high elevations (Parsons 1918:184-185). Water spirits like ayvanu or
katsina reside in or below springs, and offerings are made at springs to ensure continued
discharge and the functioning of the entire water cycle (Harper 1929; Ladd 1983; Parsons 1925:
7, 124-125; White 1973:45-50). These springs can cease flowing if not properly respected
(Hewitt 1993:90-92). Dozier (1970) argues that the central focus on rainmaking in ritual and in
governance may reflect the deep tradition of reliance on dryland farming, even after communities
came to depend on irrigation agriculture in historic times. Functional similarities between
traditional Puebloan hydrological knowledge and scientific approaches to hydrology are
important to recognize in order to justify applying principles of rational choice decision-making

to models of water acquisition.

5.2 Geohydrology of the Jemez Mountains
In this section | present the geological and geohydrological context, and the spatial
distribution of water resources of each study area. The Jemez Mountains arise in north-central

New Mexico. They are flanked by the Rio Grande Rift Valley to the east, and to the west by the
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and Merlan 2007).
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uplifted Sierra Nacimientos at the edge of the Colorado Plateau (Figure 5.2). The basement
below the volcanic rocks of the Jemez Mountains differs between the Jemez and Pajarito
Plateaus. Colorado Plateau basement deposits extend below the Jemez Plateau. These consist of
Precambrian gneiss overlain by Pennsylvanian sedimentary rocks of the Madera Formation, and
Permian sedimentary rocks of the Abo and Yeso Formations (Figures 5.3 and 5.4). The basement
of the Pajarito is inferred to be Precambrian gneiss as well, but the deepest tested rocks are much
younger sedimentary rocks of the Tesuque Formation of the Late to Middle Miocene Period
(formerly Tertiary) (Broxton and Vaniman 2005) (Figures 5.5 and 5.6). These are overlain by
even younger interbedded volcanic and sedimentary deposits of the Totavi Lentil, and Puye
Fanglomerates, as well as Cerros del Rio Basalt flows. These deposits date from the Eocene to
Earliest Pleistocene Period. The differences in the hydrological properties between the basement
rocks of these regions are critical for appreciating water availability, and which I will discuss

further.

The Jemez Mountains are volcanic, and are part of the Jemez Lineament, a series of volcanic
fields aligned west to east along a crustal flaw across northern New Mexico (Aldrich 1986).
These fields have been active since at least the late Cenozoic with older volcanic deposits that
indicate activity as far back as the early Cenozoic (Gardner et al. 1986). While there is evidence
for volcanic activity for at least the last 16 million years (e.g., the Tschicoma Formation
outcropping at Sierra de los Valles above the Pajarito Plateau), the geological formations that
make up the majority Jemez Mountains today are largely the result of eruptions 1.6 and 1.2
million years ago (Smith et al. 1970). These eruptions formed the massive Valles Caldera (24 km
across), along with a series of secondary domes, and the skirt-like deposits of tuff ringing the

caldera (labeled Qbt in Figure 5.2). These tuff deposits formed due to an ignimbrite eruption - a
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Figure 5.2. Surface geology of the Southern Jemez Mountains (based on Smith et al. 1970;
Green and Jones 1997).

massive event where hot ash, pumice, gas, and crystals flowed, potentially up to the speed of
sound, across the surrounding landscape around the caldera. Mapped as Bandelier Tuff (Qbt),
these deposits, which can be over a thousand feet thick, register ignimbritic events at 1.6 and 1.2
million years ago (Smith et al. 1970). They are now deeply dissected by canyons and form the
series of high table-top mesas of the southern Jemez and Pajarito plateaus. These plateaus served
as the settings for highland Ancestral Pueblo settlements. More recent volcanic events (labeled
Qvr in Figure 5.2) are the ongoing formation of resurgent domes within the Caldera, the Banco

Bonito Lava Dome formed by a small set of eruptions approximately 50,000-60,000 years ago,
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the Battleship Rock ignimbrite, and the more regionally extensive El Cajete ash fall deposits
found across mesa-tops of the Southern Jemez Mountains (Toyoda et al. 1995; Zimmerer et al.

2016).

The thick, blanket-like formations of volcanic tuff mantling both regions makes them appear
very similar; however important differences in faulting and geological formations below the tuffs
greatly influence regional geohydrological systems. The Jemez fault runs parallel to the mesa-
tops, forming the deeply incised San Diego Canyon. The canyon captures the majority of the
water draining from the Valles Caldera (Kelley et al. 2007; Tafoya 2012) (Figure 5.3). By
contrast, Pajarito Plateau faults run perpendicular to the slopes of the Plateau, and the streams do
not capture water from the Valles Caldera (Figure 5.5). The impact of this setting can be seen by
comparing discharge rates of the two major streams of each plateau. Over an 80 year period the
Jemez River daily average discharge is 71 ft */sec. By comparison, over the 16 years of
intermittent recording (1983-2014) the Rito de los Frijoles, the only perennial stream in the

Pajarito Plateau, it averages only 2 ft */sec daily discharge (U.S. Geological Survey 2016).

Springs are documented across the region, many of which originate from regional aquifers.
The regional aquifer of the Jemez Plateau is recharged by the mixing of meteoric and endogenic
waters, which pass through both volcanic and sedimentary geological units (Figure 5.4). This
imparts geochemical attributes to the water that reduces its qualities for human consumption. In
many springs of the Jemez Plateau, and in segments of the Jemez River, groundwater is both
heated and high in dissolved minerals, which raises the saturated conductivity levels past
thresholds where the water is safe to consume (Tafoya 2012). The hot springs we enjoy for
recreation, and potentially for geothermal energy exploration, would not have been viable

domestic water sources for Ancestral Pueblo people. By contrast, the regional aquifer below the
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Pajarito Plateau is entirely potable. However, it is also deeply buried, and discharges only along
White Rock Canyon at the Rio Grande (Figure 5.6). Otherwise, springs across the Pajarito are
associated with faults running perpendicular to the slope of the mesas of the Pajarito discharging
water from perched aquifers (Figure 5.5). Therefore, in both cases understanding the availability
of natural surface water for Ancestral Pueblo communities demands an appreciation of the
hydrological conditions of sub-regional perched aquifers. In Appendix A, I compile the first list
of all springs in both regions. Published discharge measurements and radiometric dates of

groundwater are included, as are classifications of discharge sensitivities to droughts.

Six contexts of the Jemez Plateau have natural surface water: 1) isolated springs in canyon
bottoms associated with alluvial aquifers, 2) springs emanating along canyon walls from perched
aquifers, 3) springs discharging from the regional aquifer, 4) small natural tinajas and step pools,
5) perennial streams, and 6) intermittent streams (Figures 5.3 and 5.4). Overall there is more
water on the Jemez because of the aforementioned features of its structural geology. San Diego
Canyon captures nearly the entirety of the runoff from the Valles Caldera, which flows
perennially down the Jemez River. The Jemez fault presents along an axis that cross-cuts the
agriculturally productive mesa-tops of the Southern Jemez Plateau, thereby making water

sources available across multiple points near many of the Ancestral Pueblo villages.

The runoff from the Valles Caldera and adjacent uplands support perennial streams in
multiple drainages: the Jemez River, the Rio Guadalupe, Lake Fork Canyon, Rio Cebolla, and
Vallecito Creek. The Rio Cebolla, Lake Fork Canyon, Rio Guadalupe and Vallecito Creek frame
the northwestern, western, and eastern boundaries of the Southern Jemez Plateau, with the Jemez
River bisecting the region (Figure 5.3). Other drainages today have only intermittent flows,

supported seasonally in their upper reaches by springs, and seasonal run-off by snow-melt or
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monsoon rain events. As | will discuss in the least cost analyses, the greater range of options for

perennial water benefitted Ancestral Pueblo communities of the Jemez Plateau.

® Jemez Springs and Seeps

Drainage Network
Major and Minor Faults

Geologic Cross Section

Figure 5.3. Surface geology and hydrology of the Jemez Plateau (based on Smith et al.
1970; Green and Jones 1997; Kelley et al. 2007).
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Figure 5.4. Hydrogeological cross section of the Jemez Plateau (Kelly et al. 2007; Tafoya
2012).

Springs closest to mesa-top villages are associated with a perched aquifer discharging along
canyon margins at debris flows in contact with Paliza Canyon Andesites. An aquitard of
mudstones at the top of the Permian Abo and Yeso Formation inhibits the downward percolation
of meteoric water passing through overlying volcanic rocks along the mesa-tops, as well as water
contributed from shallow alluvial aquifers on the upper portions of these mesas (Figure 5.4). A
series of springs have consistent, perennial discharge along the margins of San Diego canyon,
and to the west along the southern margins of Holiday, Stable, and School House Mesas (Figure
5.3). Springs in San Diego Canyon (Church, Sino, Agua Durme, Alamo) have high, persistent

discharges and are used for municipal water by the Village of Jemez Springs. Radiogenic dating
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of tritium (*H/*He), which compares background levels of the radioactive isotope of hydrogen,
(half-life of 12.32 years) to elevated local levels due to releases by LANL and atomic
detonations, is used to date the age of water in geohydrological systems. Tritium dating of water
from Sino Springs estimates the meteoric water from this spring to be 50-75 years old (Vuataz
and Goff 1986: 1850). Half-century scale groundwater residence times of these springs, and their
continued use even under increasing demands as municipal water sources, suggests that perched
regional aquifer in the Jemez would not be sensitive to significantly reduced discharges during

dry periods on human timescales, and they are located near Ancestral Jemez archaeological sites.

There are a few contexts across the Southern Jemez where small springs are mapped along
the mesa-tops in low order drainages. The discharge from these springs contributes to the base
flow of both perennial and intermittent drainages. Cebollita Springs, located in Cebollita Canyon
between Holliday and Stable mesas, emanates in the canyon bottom from an alluvial aquifer.
Wet meadows are present in the area of the spring today, but landscape modifications for
ranching, such as pumping water to fill stock tanks, have likely lowered the water table. None of
these mapped springs, of which there are only a few, are particularly close to villages (Cebollita
Springs is 4 km from Tovakwa), and they likely would only provide seasonal water and be
sensitive to droughts. The possibility of there being now-dry springs and seeps discharging from
perched aquifers is suggested by artificial tanks and wells found in some drainages today. Forest
Service maps of water resources identify artificial tanks and wells used primarily as water
sources for cattle along Canon de Canada, Virgin Canyon, and Paliza Canyon. Future
investigations of these artificial features and the hydrological contexts may identify the

possibility of contexts for surface discharge in the past.
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Even more ephemeral sources are small natural basins in bedrock on mesa-tops (tinajas) or in
step-pools in drainages along mesa-edges that trap surface water. No large tinajas were observed
in the Jemez. However, a series of step-pools formed on slick-rock in Virgin Canyon near the
Ancestral Pueblo village of Kwastiyukwa were observed filled with water during site visits in
2015. I documented the locations and storage volumes of some of these pools, and although
small they could provide usable quantities of water shortly after rainfall events. | observed
similar slick rock contexts at the base of mesas below the Ancestral Pueblo village of Wabakwa,
however the extent of slick rock exposures in drainages was more limited, and no standing water

was observed in the field.

Despite so many water sources, not all are potable. The geothermal springs emanating along
the bottom of the San Diego Canyon are often too hot and too high in dissolved mineral
concentrations for human consumption. Meteoric and endogenic waters mix deep within
Pennsylvanian and Permian sedimentary rocks, and then discharge along the Jemez Fault Zone
from Permian units (Tafoya 2012). The Soda Dam is formed by cold water springs charged in
calcium carbonate, while springs within the village of Jemez Springs are geothermal. These
springs may not have served as potable water sources, but descendant communities regard them

as sacred and they likely held cultural significance to their ancestors as well (Tafoya 2012).

Natural surface water has been identified in six contexts of the Pajarito Plateau (Figure 5.6):
1) springs in the Sierras de los Valles (SdV); 2) fault controlled springs and seeps discharging in
canyon bottoms of the westernmost portions of the Pajarito Plateau (W-Paj); 3) isolated seeps
and springs emanating from shallow alluvial and perched aquifers; 4) springs from White Rock

Canyon (WRC) at the confluence of multiple drainages with the Rio Grande; 5) intermittent flow
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in canyon bottom streams; and 6) perennial flow in the Rio Grande and Frijoles Canyon

(Broxton and Vaniman 2005; Dale 1996; Longmore et al. 2007; Purtymun 1995).
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Figure 5.5. Surface geology and hydrology of the Pajarito Plateau (based on Smith et al.
1970; Green and Jones 1997).

Multiple perennial springs discharge along the flanks of the Sierras de los Valles (SdV), well
to the west (>12 km) of the large Ancestral Pueblo settlements of the Pajarito Plateau. These
springs, found at elevations 8000-8660 ft, discharge groundwater from alluvial deposits at
contacts with the Tschicoma Formation volcanic rocks, at the head of many of the drainages of

the Pajarito (Figure 5.5). Purtymun (1995: Table XXII-A) identifies 13 springs along the flanks
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therefore largely derived from recent precipitation upslope in the SdV (Longmore et al. 2007).

et al. 2007). These springs were not likely water sources for large Ancestral Pueblo villages
because they are more than 10km distant and they typically only support flow in drainages 1-2

km from each spring.
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Figure 5.6. Hydrogeological cross section of the Pajarito Plateau (based on Purtymun 1995;
Broxton and Vaniman 2005).

of the SdV, with discharge rates estimated from less than 1 up to 150 gallons per minute. Tritium

and*C dating of spring water discharging from seven springs, found the water to be modern and

However, discharge rates are steady with very little precipitation-induced variability (Longmore



Unique, isolated geohydrological settings across the highly permeable tuff landscapes of the
Pajarito Plateau produce springs that contribute to channel flows along portions of drainages.
Save for the Frijoles Creek and the Rio Grande, all of the drainages have only intermittent flows,
except for periods of high surface water runoff during spring snow-melt and monsoonal rain
events. Besides the springs of the Sierras de los Valles, which support surface flows of the
uppermost reaches of the drainages, additional small springs were recently identified along the
western edge of the Pajarito Plateau (Dale and Yanicak 1996). These springs are in canyon
bottoms along fractures in Bandelier tuff running parallel to the Pajarito fault zone near Los
Alamos, at elevations between 7408-7480 ft. (Figures 5.5, 5.6). They are classified as “perched
intermediate springs” by Longmore et al. (2007), and stream flow observations immediately
downstream of these springs range from 3.49 to 22.67 gallons per minute (Dale and Yanicak
1996: Figure 3.17). ®H/*He and 14C dating of some of these springs by Longmore et al. (2007)
indicates water sources are primarily modern meteoric water. The sensitivity of these springs to
precipitation is supported by field observations, as they typically dry up in the summer (Dale and
Yanicak 1996). Like the springs of the Cerro de los Valles, these contexts on the western edge of
the Pajarito Plateau are far removed from the Ancestral Pueblo village areas and, due to their

distance, it is unlikely that these springs were sources of domestic water for villagers.

Water comes to the surface closer to the villages on the Pajarito from perched aquifers, albeit
sometimes only seasonally. As surface water moves downstream in canyon bottoms it infiltrates
into the thick, permeable alluvial sediments in channel bottoms. A network of monitoring wells
bored into canyon bottom alluvial deposits at Los Alamos National Labs found that water is tens
of feet deep, although water table levels fluctuate seasonally in response to precipitation

(Purtymun 1995:26-27). Water from these alluvial aquifers then infiltrates deeper into the
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regional aquifer. In cases where alluvial units are thin in deeply incised canyons and are
underlain by a shallow impermeable geological unit, forming an aquitard, groundwater may
reemerge to the surface as springs, seeps, and renewed streamflow. In the lower Los Alamos
Canyon, less than 2 km from the site of Tsankawi, a series of springs emerge in the canyon
bottom from a perched aquifer (Figure 5.5). Just downstream of the confluence of Los Alamos
and Pueblo Canyons are two springs, Basalt and Los Alamos Springs, from an alluvial aquifer at
the contact with underlying impermeable basalts of the Cerros del Rio Formation exposed in the
deeply incised canyon bottom (Purtymun 1995: Figure I-AC). Flows in the otherwise dry Alamo
Canyon rise to 10-30 gallons per minute; although discharges from these springs are only
estimated at 0.8-6.6 gallons per minute (see Appendix A). Basalt and Los Alamos Springs may
have been reliable sources for Ancestral Pueblo villagers at nearby Tsankawi, but likely only
during times when the upper reaches of Los Alamos canyon alluvial aquifer were being
recharged. Tritium dating of water generated wide age-ranges (>10,000 to <100 yrs.), with
evidence for historical contamination from Los Alamos National Labs. This suggesting relatively

short (decadal) transit times from precipitation to spring discharge (Blake et al. 1995).

Small springs and seeps may also discharge directly from alluvial aquifers where local
groundwater accumulates in older alluvial units. Alluvial wetlands, identified as the Pajarito
Wetlands (locality TA-8), are recorded by LANL wetland biologists in Pajarito Canyon near the
Ancestral Pueblo village of Tsirege (Nelson et al. 1997; Henne 2008), and in early site reports
(Bandelier 1892: 79; Hewitt 1938: 40). Groundwater accumulating in Quaternary alluvial units
on the margin of the canyon, in association with contribution of through-flow of the Bandelier
tuff directed by the Cochiti Cone fault into the drainage, may be leading to the discharge of small

seeps from perched alluvial groundwater along this segment of Pajarito Canyon, near Tsirege
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