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INTRODUCTION

For the past 12 millennia, certain geologic resources have 
attracted people to the Jemez Mountains (Fig. 1). The great obsid-
ian sources may have been the original draw, although chert from 
Cerro Pedernal or the dacite outcrops on the southeast fringe of 
the Jemez Mountains may have also lured people to the area. For 
the last 800 years, it appears that pumice enticed Pueblo farmers 
to the region. Archeologists have known about mineral resources 
for making stone tools since the late 1800s (Bandelier, 1892; 
Hewett, 1938; Lange and Riley, 1966) but nearly all archeolo-
gists have ignored the one mineral resource that may have had the 
greatest influence on the ancestral Pueblo people who lived in the 
southern Jemez Mountains – El Cajete Pumice. 

Why pumice?  Stone-washed jeans, pumice building block and 
the need for abrasives were still eight centuries away when the 
ancestral Pueblo populations began to rely on a unique geologic 
feature of the southern Jemez Mountains, the El Cajete Pumice.  
Once the great civilizations in the Four Corners area began to 
wane, population in the areas around the Jemez Mountains began 
to grow, small hamlets containing original occupants were aug-
mented by people from the north and west, and these early farm-
ers were exploiting the floodplains along the Rio Grande, Rio 
Jemez, and several areas along the Rio Santa Fe and Rio Tesuque 
(Wendorf and Reed, 1955; Cordell, 1979; Stuart and Gauthier, 
1981).  From approximately AD 900 to AD 1100 settlements 
and most farmed areas were concentrated along these permanent 
water courses. However, beginning in the mid 1100s there was 
a decided push into the foothill regions surrounding the major 
drainages such as the Jemez Plateau and Pajarito Plateau (Powers 
and Orcutt, 1999; Kohler, 2004, Kulisheck, 2006).  In the south-
ern Jemez region, nearly all of these newly established settle-
ments had one thing in common – they were situated in areas of 
pumice soils. 

Farming in the Southwest is challenging. Water is the lim-
iting factor but the length of the growing season and nutrient-

poor soils are also factors. For Pueblo farmers, these limitations 
were partially met by an intimate knowledge of the environment 
(including soil types and field exposure) and, where necessary, 
constructing soil moisture and soil retention features of stone. In 
this paper, we will discuss the agricultural success of Towa, Keres 
and Tewa ancestors who once dry-farmed the volcanic-derived 
soils on the mesa tops in the southern Jemez Mountains.  

GEOLOGY AND VOLCANOLOGY

The Jemez Mountains volcanic field has been active for the 
last ca. 16 m.y., erupting more than 2000 km3 of domes, flows, 
and pyroclastic deposits of basalt, andesite, dacite and rhyolite 
(Smith et al., 1970; Gardner et al., 1986).  Valles caldera formed 
at 1.25 Ma, blanketing the lower elevations of the Jemez Moun-
tains with the Tshirege Member of the Bandelier Tuff, a rhyolitic 
ignimbrite (Smith and Bailey, 1966; Self et al., 1986; Phillips et 
al., in press).  The Bandelier Tuff forms most of the prominent 
mesas in the Jemez Mountains including those of the Pajarito Pla-
teau (Goff et al., 2002).

After formation of Valles caldera, a series of ring-fracture 
rhyolites erupted inside the caldera depression (Fig. 2). The El 
Cajete eruption (55 ± 6 ka) is one of the youngest of the postcal-
dera rhyolites and originates from El Cajete crater in the southern 
caldera (Toyoda et al., 1995). El Cajete deposits are overlain by 
the Banco Bonito rhyolite, the youngest eruption in the Jemez 
Mountains (ca. 40 ka; Goff and Gardner, 2004). Collectively, the 
Banco Bonito, El Cajete, and Battleship Rock rhyolites form the 
El Cajete Series of Self et al. (1988).

The El Cajete deposits consist primarily of pyroclastic fall 
with subordinate pyroclastic flows and surges (Wolff et al., 1996; 
Goff and Gardner, 2007). Because the wind blew to the south and 
east during most of the pyroclastic fall eruptions (plinian erup-
tions) the fall deposits form a blanket throughout the southeast-
ern Jemez Mountains, which thins away from the vent (Fig. 2). 
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Maximum pumice clast size diminishes away from the vent (from 
roughly 0.3 m to ≤1 cm). The fall deposits are relatively well 
sorted and contain up to 2% of lithic fragments, presumably from 
excavation of vent walls during eruption. Erosion has stripped the 
pumice off of precaldera domes. On the Pajarito Plateau, erosion 
has partially stripped the El Cajete from the underlying Bandelier 
Tuff, commonly forming relatively thick fans and aprons (usually 
≤10 m thick) along eroded cliffs of the ignimbrite. 

SETTLEMENT OF THE PAJARITO AND 
JEMEZ PLATEAU

A brief history of Keres and Tewa use of the area

The initial Pueblo occupation on the southern portion of the 
Pajarito Plateau consists of literally hundreds of small, short-
lived villages, located on the mesa tops.  This portion of the 
Pajarito Plateau gradually slopes from west to east, and most of 
the settlements are located between 1675 to 2290 m in eleva-
tion.  Today, along this elevation gradient, annual precipitation 
ranges from about 45 to 30 cm at the Rio Grande.  During wet and 
dry years, the range in precipitation can be even more dramatic. 
During the first 150 years of Pueblo settlement on the Pajarito 
Plateau, the inhabitants of these small villages frequently moved 
uphill or downhill along the mesa crests, thereby manipulating 
elevation to take advantage of more rainfall or a longer growing 
season (Steen, 1977; Powers and Orcutt, 1999).  By establish-

ing fields in the higher elevation areas, the crops would receive 
more rainfall, but would have a shorter growing season.  Fields 
located at lower elevations would have an ample growing season 
but may not receive enough moisture to ensure a successful har-
vest (Gauthier and Herhahn, 2005). Survival for Pueblo farmers 
during this period (roughly AD 1150 to 1325) was based upon the 
ability to move frequently and to place fields in several differ-
ent environmental settings in order to spread out the risks of dry 
farming an area not really conducive to such an activity.

By AD 1325 nearly all of the small villages were abandoned 
and fewer and larger villages were constructed. This occurred not 
only in the southern Jemez, but throughout central New Mexico, 
along the Rio Grande Valley and west to the Acoma-Zuni regions 
(Cordell, 1984; Adler, 1996; Powers and Orcutt, 1999). On the 
Pajarito Plateau and within Bandelier National Monument, the 
villages of Tyuonyi, Yapashi, San Miguel and others were founded 
at this time (Fig. 2). Many of these sites are quite large, contain-
ing hundreds of rooms, multiple plaza areas and kivas.  

Often surrounding these large villages are small structures 
referred to by archeologists as field houses, which were shelters 
used during the growing season. These small structures can be 
located some distance from the large mother village and are situ-
ated in areas that were farmed.  Surveys within Bandelier National 
Monument first noted the relationship between field house struc-
tures and pumice soils (Powers and Orcutt, 1999; Gauthier and 
Herhahn, 2005).  These areas of El Cajete pumice soils found in 
the southeastern part of the Jemez can be several hundred acres 

FIGURE 1. Location map of the Jemez Mountains region showing the Jemez Plateau, Pajarito Plateau and the location of select prehistoric villages.
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in size, ranging down to a scant acre.  However, even the smallest 
pumice fields will often have an associated field house.

A brief history of Jemez Pueblo (Towa) use of the area

Limited use of the area by Paleoindian groups (ca. 12,000 yrs 
BP) is presumed based on the low occurrence of Jemez obsidian 
found at nearby excavated sites.  Winter (1983) hypothesized 
that populations were accessing Jemez obsidian source areas 
during their seasonal movements. Later Archaic groups (ca. BC 
5000 to AD 600) were also utilizing the Jemez area for hunting 
and to procure obsidian, chert, and dacite for making stone tools 
(Acklen et al. 1987).  The most significant development during 
this period is the introduction of maize (corn) into the area at 
approximately BC 1000, found at Jemez Cave (Vierra and Ford 
2006). 

The earliest ancestral pueblo occupations are found along the 
lower reach of the Rio Jemez and consist of small clusters of pit 
house structures or later, the appearance of small pueblos con-
taining five to 40 rooms. Beginning sometime after AD 1200, and 
lasting until AD 1600, numerous large ancestral Jemez villages 
were established on the southwest fringe on the Jemez Plateau. 
These sites represent what is traditionally known as the flores-
cence of preconquest Jemez Pueblo culture.

During this time (ca. AD 1200) rapid population growth 
appears to have resulted from migration into the area by people 
from the San Juan Basin, Mesa Verde and Montezuma Valley 
regions. Together with population increase, people developed 
large systems of agricultural fields and field houses to grow the 
crops necessary to sustain life in larger communities.  Through 
time, villages continued to increase in size, with some sites con-
taining more than 600 rooms.  Community layout consisted of 

large massed room blocks surrounding multiple plazas with kivas 
(Fig. 3). 

Settlement during the historic period was heavily influenced 
by the Spanish conquest of the upper Rio Grande at the end of the 
16th century (Kulisheck 2005, p. 248-252).  Site size decreased 
as populations were affected by conquest and its attendant char-
acteristics such as disease and resettlement.  During the 1600s, 
occupation persisted at the largest of the Jemez phase sites but 
settlement in much of the area decreased while it appears that 
groups began to move back to earlier sites in the lower reaches of 
the Rio Jemez.  This phase appears to represent the initial stages 
of adaptation by the people of the Jemez to the conquest.  By 
the 1700s, occupation of large sites in the Jemez declined sig-
nificantly and they were “abandoned,” in the sense that people 
were not maintaining habitations in them.  However, as people 
resettled in the area of Cañon, at the confluence of the Rio Jemez 
and Rio Guadalupe, and in the area of modern Walatowa, their 
ties to the mesa tops did not decline. Strong connections with 
their ancestral homes are still maintained in the form of oral tradi-
tions, history and ceremonies.

FARMING STRATEGIES

Archeological studies in the northern Rio Grande-Jemez Moun-
tains region indicate that most prehistoric farming was dry farm-
ing, relying solely upon precipitation falling directly on the fields 
for a successful harvest.  It is remarkable in this environment of 
frequent and persistent droughts that one could survive as a farmer.  
In order to do so, a variety of microenvironments were exploited, 
specific soil types and exposure were farmed, and a number of 
features were constructed to conserve soil moisture, limit soil ero-
sion, and in some cases, “harvest” winter snowfall (Anschuetz, 
1998; Dominguez 2002).  Elevation and exposure of fields is also 
important.  On the Jemez Plateau (west facing exposure, possi-

FIGURE 2. Location and distribution map for the El Cajete Series vol-
canic eruptions in relation to the Valles caldera (from Self et al., 1986). 
Dashed line labeled EC shows the approximate extent of El Cajete 
pumice fall deposits erupted from El Cajete crater (EC vent). Isopachs 
of El Cajete pumice fall deposits are in meters. Post-Valles caldera ring 
fracture lava domes are shown as solid triangles and post-Toledo caldera 
ring domes are shown as open triangles. VC-1 is site of Continental Sci-
entific Drilling Program core hole in the southwestern Valles caldera.

FIGURE 3. Floor plan of Totaskwinu, an ancestral Jemez village occu-
pied from AD 1450 to 1550.  The village contains an estimated 300 
rooms.  Measurements are in paces.  Map by H.P. Mera, on file Labora-
tory of Anthropology, Santa Fe, New Mexico. Arrow points north.
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bly warmer and drier), some farming areas were located at eleva-
tions greater than 2400 m (Ramenofsky, 2005, 2006), while on 
the Pajarito Plateau (east facing, possibly cooler and wetter), the 
maximum elevation for farming is around 2350 m. 

A second observation, based on knowledge of the larger north-
ern Rio Grande Valley is equally important: compared to other 
areas with large ancestral Pueblo populations, prehispanic agri-
cultural features in Bandelier and adjoining areas in the southern 
Jemez Mountains are relatively rare. In surrounding areas, such 
as the Chama, Ojo Caliente, and Santa Cruz river valleys, around 
modern Cochiti Pueblo, the Caja del Rio plateau,  and in the 
Galisteo Basin, extensive prehispanic fields with terracing, grid 
gardens, cobble piles, and cobble mulching indicate that farmers 
invested substantial amounts of labor to construct features with 
primary functions of harvesting, trapping, and conserving soil 
moisture (Buge, 1984; Maxwell and Anschuetz, 1992; Herhahn, 
1995; Lightfoot and Eddy, 1995; Anschuetz, 1998; Dominguez, 
2002).  Although terrace and gridded field systems do occur in 
Bandelier and the Jemez, these features are less extensive, and 
few are found in pumice soils (Orcutt, 1999).  These observa-
tions suggest that pumice soils have properties that made labor-
intensive construction of moisture-trapping features such as ter-
races and cobble mulching unnecessary under most conditions. 
The most obvious exception to this are the terraces found on the 
pumice soils of the Banco Bonito (Ramenofsky, 2005, 2006).  It 
is possible that the construction of terraces and other rock fea-
tures on pumice soils at the high elevations of the Banco Bonito 
is driven more by the need for thermoregulation than soil mois-
ture retention.  Studies on terracing and other rock agricultural 
features in the American Southwest and in the Andes of South 
America have shown that terraces and rock features create more 
favorable microclimates for plant growth in areas prone to frosts 
(Donkin, 1979; Cordell et al., 1984; Erickson, 2000).  

HOW PUMICE SOILS WORK

Perhaps surprisingly, archeologists studying the Jemez Moun-
tains have only recently become interested in Pueblo agriculture.  
Interest in soils forming in pumice deposits (referred to here as 
pumice soils) and questions about the desirability of pumice as an 
ingredient in agricultural soil, are even more recent.  Because of 
this, few answers are in hand.  In fact, we are still learning what 
questions to ask.

At Bandelier National Monument, where pumice soils are 
widely distributed in small, discontinuous “pumice patches”, 
archeologists have recently commented on the close relation-
ship between ancestral Pueblo farming sites and these pumice-
derived soils (Gauthier and Herhahn, 2005).  A random sample 
of pueblos and field houses found over forty percent are located 
on, or within a very short distance of one or more pumice patches 
(Orcutt, 1999). Personal observation indicates this percentage 
may be higher and suggests that pumice patches were used as 
agricultural fields (Gauthier and Herhahn, 2005).    

One possibility is that the pumice allows these soils to store 
more moisture.  In most soils, water and air are trapped in pore 
spaces surrounding individual soil particles and within soil struc-

tural aggregates composed of organic and mineral particles.  
Sandy soils have less surface area than finer soils with smaller silt 
and clay particles.  Because particle surface area is inversely pro-
portional to particle diameter, soils composed of finer particles 
have more pore space and a greater capacity to store water (Troeh 
and Thompson, 2005).  Given the relatively high proportion of 
coarse pumice clasts, pumice-derived soils would at first glance 
appear to be a poor medium for storing water.  However because 
pumice is essentially rhyolitic froth composed of thousands of 
small, thin-walled, interconnecting vapor cavities, its capacity to 
store water is much greater than its clast diameter would suggest.  
This is convincingly demonstrated by putting a pumice nodule 
in a glass of water.  At first, the pumice floats on the surface of 
the water, but after several hours, as the water displaces the air in 
the pumice vesicles, the pumice sinks to the bottom of the glass.  
Rather than just storing water between soil particles and within 
aggregates, pumice also stores water within clasts.

Nonetheless, several important questions about pumice water 
storage remain unanswered.  It is not yet known how much water 
pumice absorbs compared to other types of soil, or how long 
the moisture is retained.  Even more critical for agriculture, it is 
uncertain how much of the stored moisture is available for use by 
plants.  Studies of volcanic ash-derived soils in other areas have 
demonstrated that while these soils do store substantial quantities 
of water, much of this water may not be available for plant use 
(van Breemen and Buurman, 2002).  Whether water absorbed by 
El Cajete pumice is similarly limited is unknown.

A second potential benefit of soils containing pumice is their 
insulative quality as a surface mulch.  Elsewhere in the northern 
Rio Grande region Puebloan farmers mulched their fields with 
gravel and cobbles, which they excavated and then spread over 
the ground surface.  Studies of these fields suggest that the pri-
mary purpose of the mulch was to conserve soil moisture and 
moderate soil temperature (Lightfoot and Eddy, 1995; White et 
al., 1998).  By planting in soils with a surface pumice layer, it 
seems likely that Bandelier farmers would have realized the same 
benefits without any of the labor.  

While investigation of the water holding and mulching proper-
ties of pumice soils are only beginning, demonstration of the infer-
ences presented here will help to explain why Puebloan farming 
sites were so frequently situated near pumice patches.  This is not 
to say that pumice soils were the solution to every 12th through 
16th century farming challenge, or that all pumice patches were 
created equal.  Relatively pure pumice deposits with little finer 
soil material have few roots, suggesting that moisture, minerals 
and organic material needed for plant growth are not present. In 
contrast, pumice soils with finer materials display abundant root 
growth.  Depth of pumice soils may also be an important factor. 
In areas where pumice deposits are relatively thick, their perme-
ability may have allowed water to percolate beyond the roots of 
prehistoric corn plants before much moisture was absorbed. For 
this reason, areas with a relatively shallow pumice stratum under-
lain by a less permeable clay-rich layer may have been more pro-
ductive (Sandor, 1995). Likewise, moisture in the form of winter 
and spring snow melt may have been more effective than summer 
rainfall, since the slower, more sporadic seepage of melting ice 
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would allow more water to be absorbed. Like most other aspects 
of the natural environment to which prehistoric people adapted, 
pumice soils combine economically useful as well as less pro-
ductive qualities. A current study of prehistoric fields at Bande-
lier is not only attempting to determine what crops were grown 
(through pollen and phytolith analyses) but is comparing the soil 
water content, structure, texture, nutrient availability, and other 
critical properties of both pumice and nonpumice soils. We are 
optimistic that the results of this and future studies will increase 
our understanding of the role of pumice in the unique prehispanic 
cultural landscape of the Jemez Mountians.

 
CONCLUSIONS

For archeologists, the Jemez Mountains are famous for source 
areas of stone for making stone tools. All southwestern archeolo-
gists know about Jemez obsidian or Pedernal chert or Bandelier 
dacite and how these resources fit into the prehistoric economies. 
However, only recently has the importance of pumice soil been 
realized. The unique vesicular properties of pumice allow pumice 
deposits and soils to store and conserve rain and snow melt for 
dry farming.  For nearly five centuries these unique soils played 
a key role in the survival of Pueblo populations occupying the 
slopes of the Jemez Mountains.
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