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Despite convincing archaeological arguments about the global e�ects of human

pyrogeography and their evolutionary significance, many of the implicated data

sources are unavailable in research contexts that lack significant accumulations

of charcoal or stands of fire-scarred trees. In view of the strong likelihood

that hominins routinely ignited small, low-intensity landscape fires for millennia,

we explore the role of cultural burning for food-production in an area of the

American Southwest where anthropogenic fire has not been considered. To

illustrate the virtues of a multidisciplinary approach, informed by Formation

Theory and time perspectivism, we focus on the returns from macrobotanical

and palynological analyses of samples recovered from a variety of archaeological

and geoarchaeological contexts in the Upper Basin, a landform located south

of the Grand Canyon in northern Arizona. Previous archaeobotanical studies

of samples recovered from archaeological sites (ca. AD 500–1500) in the

basin’s pinyon-juniper woodlands are dominated by amaranth, chenopodium,

and other economic ruderals. These findings support the “fire foodway” model

that posits prehistoric Indigenous populations of the Upper Basin depended

on these fire-following wild plants, rather than maize, by harvesting their

abundant seeds and leaves from production locations that were created by low-

intensity understory fires. In this paper, we present the results of new studies

of archaeobotanical remains recovered from cut-back terraces and sedimentary

contexts that (i) expand the evidence base for the fire-foodwaymodel, (ii) provide

a basis for proposing several types of prehistoric cultural burning practices,

and (iii) introduce the outlines of the ruderal seed-bed hypothesis. Combined,

these findings provide a new archaeological perspective on upland subsistence

practices in the northern American Southwest. Our study also highlights biases

of modern vegetation surveys that do not include archaeological data, and

contributes to an appreciation of the extent to which biodiversity has declined

because of widespread fire exclusion.

KEYWORDS

economic fire, ruderals, archaeobotany, terraces, seedbeds, Grand Canyon

Frontiers in Environmental Archaeology 01 frontiersin.org

https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://doi.org/10.3389/fearc.2024.1302604
http://crossmark.crossref.org/dialog/?doi=10.3389/fearc.2024.1302604&domain=pdf&date_stamp=2024-09-04
mailto:alan.sullivan@uc.edu
https://doi.org/10.3389/fearc.2024.1302604
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fearc.2024.1302604/full
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org


Sullivan et al. 10.3389/fearc.2024.1302604

1 Introduction

Nowadays, “breaking news” cycles that populate all types of

media are apt to feature shocking images of ferocious wildfires

and alarming reports of barely effective fire-control measures.

The reporting segments, accompanied by snappy graphics and

videos, predictably pivot to reminding viewers how unprecedented

these calamities are, assessing what it will take to rebuild charred

infrastructure, and cautioning them to stay indoors to avoid

breathing wildfire-smoke that originated thousands of miles from

their smart phones (Pyne, 2021a, p. 13).

However, these and other ecological effects of landscape

wildfire—whether ignited by lightning or humans—and the

rapidity with which they have overwhelmed an unpreparedmodern

world are hardly “breaking news” to those who study fire. Fire

historians (Pyne, 2021b), forest ecologists (Bonnicksen, 2000),

anthropologists (Scherjon et al., 2015), and Indigenous peoples

(Adlam et al., 2021) know that cultural burning profoundly affects

fire regimes and peoples’ surroundings (Lake et al., 2017). Despite

the persuasive arguments of these studies, it has proven difficult

to extrapolate their implications to the investigation of landscape

fires that were ignited for food-production purposes in pre-

European-contact cultural pasts (Roos et al., 2022). The principal

obstacle, when viewed through the lens of archaeology, is the

Registration Problem, which refers to how the consequences of

“economic fire” become incorporated in the archaeological record

and how they can be identified unambiguously today (Smith, 2014;

Reddy, 2016). Because of the global diversity and deep history of

human pyrogeography (Bowman et al., 2011), attributable to the

innumerable reasons humans ignite fires in dissimilar landscapes,

the potential range of fire records is vast (Pyne, 1983, p. 10) and

likely to be unresponsive to the application of monolithic analytical

approaches. For instance, determining fire-scar frequencies is

indispensable for some problems, such as inferring the effects

of anthropogenic burning on recent fire regimes (Roos et al.,

2023), but impractical for other questions, such as differentiating

cultural from natural fires that burnedmillennia ago (Snitker, 2018;

Klimaszewski-Patterson, 2023).

Here, we explore the potential of Formation Theory

(Lucas, 2012) to advance understandings of the effectiveness

of archaeobotany for revealing the consequences of economic

fire (Snitker et al., 2022). Specifically, we intend to show that

macrobotanical remains and pollen recovered from archaeological

features and surfaces in the Grand Canyon area (ca. AD 500-1500)

enable the development of evidence of cultural burning for

food production rather than for some other fire-related practice,

such as stimulating the growth of squawbush branches for the

manufacture of the Grand Canyon’s famous split-twig figurines

(Bohrer, 1983). After reviewing the remarkably thin history of

archaeological investigations of economic burning generally and

in the northern American Southwest specifically, we summarize

our previous work on ruderal agriculture in the Grand Canyon

area and present the results of new investigations that serve

to introduce several models for differentiating the disparate

effects of anthropogenic fire. We conclude with a discussion

of how archaeological considerations of human pyrogeography

profoundly affect the content and scope of narratives about

ancient Indigenous burning practices and their impacts on forest

ecosystems today.

2 The uneven history of economic
burning studies

Our study is designed to navigate between two factors that

historically have hampered the archaeological investigation of

economic fire in the northern American Southwest, especially

in the region’s vast pinyon-juniper woodlands that harbor

disproportionately high numbers of archaeological sites compared

to other forested biomes (Lanner, 1981, p. 66).

One factor is the lack of sustained disciplinary traction by

the anthropological community on the general topic of cultural

burning. With the exceptions of Omer C. Stewart, Henry T. Lewis,

and Henry F. Dobyns, cultural anthropologists have rarely studied

the ecological and economic effects of anthropogenic fire (however,

see Coughlan, 2013; Fowler and Welch, 2018). A significant conse-

quence of this inattention is that archaeologists have been hard

pressed to develop testable hypotheses and interpretive analogies

—a grand tradition in American anthropological archaeology

(Gibbon, 1984; Trigger, 2006)—about the antiquity, diverse

practices, and food-production potential of human-ignited fire

(Mellars, 1976).

A second factor is that descriptions of Southwest subsistence

economies (e.g., Jorgensen, 1983) rarely mention economic

burning or anthropogenic fire ecology (e.g., Adams, 2011). For

instance, chapters in Volumes 9 and 10 of the Handbook of

North American Indians (Ortiz, 1979, 1983, respectively), authored

by leading late 20th-century ethnobotanists, ethnographers, and

archaeologists, thoroughly describe maize production practices;

however, the economic roles of globally important wild plants, such

as chenopodium and amaranth (Dobyns, 1972; Marx, 1977), are

not considered. When the production of undomesticated plants

is discussed, the treatment is abbreviated, focusing largely on the

degree to which they may have been encouraged or tolerated

as byproducts—“weeds”—of maize agriculture (Adams and Fish,

2011, p. 169). These highly nutritious ruderals thrive after fire

(Huffman et al., 2013), yet inexplicably the importance of purposive

burning as a traditional, stand-alone food-production method has

been downplayed (Ford, 1984, p. 129; Minnis, 2000, p. 279), if

it is considered at all (Fritz, 2007, p. 303; Myers and Doolittle,

2014).

The impacts of these factors are vividly expressed by the

archaeology of the heavily forested and once densely occupied

Grand Canyon province of northern Arizona (Mink, 2019). As we

show, the investigation of cultural burning in this fire-prone region

has been disadvantaged, ironically, by efforts to control landscape

wildfires, which burn more intensely because of 20th century

fire-suppression and other land-management policies (Pyne, 2016;

Roos et al., 2020), and have only succeeded in promoting a

transition in fire regimes (principally, the production of highly

combustible fuel-loads; Margolis, 2014). Complicating matters, fire

ecologists agree that the Southwest’s pre-fire-suppression forests

were compositionally quite different than today’s (Covington

and Moore, 1994; Guiterman et al., 2022), and were shaped by
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FIGURE 1

Regional map of northern Arizona showing prominent places, archaeological sites, and landscape features mentioned in the text, including the

Coconino Plateau, the South Rim of the Grand Canyon, the Coconino Rim, the Scott Fire burned area, Lee Canyon, and the Upper Basin.

high-frequency/low-intensity fires that forest occupants created

and managed, largely with understory burning for economic

purposes (Bonnicksen, 2000). In contrast, some archaeologists

claim that current forest composition (species richness) and

structure (spatial distribution of species) are indicative of past forest

conditions (e.g., Crabtree et al., 2017), whichmeans that prehistoric

forest occupants would have been igniting high-intensity, stand-

destroying fires at great risk to themselves and the ecosystem’s

resilience (Kohler, 1992, p. 256; Redman, 1999, p. 65). In view

of this situation, it is difficult to appreciate “the degree to which

Indian economies were dependent on fire” (Pyne, 1982, p. 71; also,

Anderson and Lake, 2013)—a state of affairs we aspire to rectify

with the following case study.

3 Searching for clues of economic
burning in the Upper Basin

3.1 Environmental background

Symptomatic of the aforementioned issues, the area known

as the Upper Basin is located south of the eastern South Rim of

the Grand Canyon (Figure 1) and administered by both the USDI

National Park Service and the USDA Forest Service under different

resource-management plans (Washam, 2014). Topographically, the

Upper Basin consists of a series of north-to-south trending, gently-

inclined plateaus, capped by Kaibab Limestone (Hopkins and

Thompson, 2003), that are cut by narrow drainages. To the west

and south, drainages that issue from the encircling Coconino Rim

are deeply incised and end abruptly at Lee Canyon. Runoff in the

Upper Basin that does not percolate through its porous limestone

surface (Metzger, 1961) is directed into rills that merge into larger

discontinuous, ephemeral streams (see Bull, 1997 for an overview

of the geomorphology of these types of drainages).

Pronounced bi-seasonal precipitation (mean = 40.9 cm ann-

ually, standard deviation = 12.9 cm; Sullivan and Ruter, 2006, p.

185–186), with low-energy discharges in late autumn through early

spring and high-energy discharges from mid-summer through

early autumn (Darling, 1967), enables the transport of silts and

sands and, ultimately, the development of rock-filled silty or sandy

loams in drainages (Rand, 1965, p. 73). Between these periods of

seasonal precipitation, pedogenic processes and vegetation growth

contribute to landform stability and cumulic soil development.

In general, the Upper Basin is devoid of water sources, and the
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FIGURE 2

Panoramic view of the Upper Basin looking north from the Coconino Rim to the Walhalla Plateau on the North Rim showing the high density of

ponderosa pine, pinyon, and juniper trees.

soils that form from underlying limestone or sandstone tend to be

shallow (25–35 cm) and rocky, resulting in a surface that is typified

by significant exposures of fractured bedrock, decomposing bed-

rock, and gravel (McNamee et al., 2021).

Today, the pinyon-juniper woodland that blankets most of

the Upper Basin (Figure 2), which ranges in elevation between

2,255 masl at the South Rim to 1,859 masl at Lee Canyon,

is so dangerously overstocked that inter-tree branch comingling

makes the woodland highly fire-prone (Vankat, 2013, p. 278–

281; Figure 3). In those settings that are covered by dense stands

of ponderosa pine (western reaches of the Upper Basin; Merkle,

1952) or by grasslands (eastern reaches of the Upper Basin;

Darling, 1967), understory biodiversity has declined significantly

because of cattle grazing and elk management (Bye, 1985, p.

379), which has led to the expansion of bare soil patches

and the onset of gullying (Williams and Baker, 2013). For the

portion of the Upper Basin managed by Kaibab National Forest,

uncontrolled recreational camping, permitted and illegal elk and

deer hunting, and unpermitted woodcutting have contributed

to the severity of erosion (Sullivan et al., 2002a; Uphus et al.,

2006).

3.2 The hidden legacy of anthropogenic
fire

One convincing measure of the effects of 20th-century fire

suppression and grazing is provided by the results of two eco-

system-wide vegetation surveys—one focusing on 1.5 million acres

of Kaibab National Forest (Brewer et al., 1991) and the other on the

entire Grand Canyon region (Alcoze and Hurteau, 2001). Despite

producing allegedly exhaustive lists of plant species, neither survey

reported occurrences of fire-following “disturbance” plants (a.k.a.

therophytes), such as chenopodium and amaranth, whose seeds

and pollen are common in archaeobotanical assemblages of the

Grand Canyon area (Merkle, 1962; Sullivan, 2015; see Louderback

and Pavlik, 2018 for southern Utah). A strikingly similar pat-

tern has been noted by Cuthrell (2013, p. 276) on the central

California coast where the abundance of the fire-following annual

Phacelia spp. in an archaeobotanical assemblage (AD 1000–1300),

attributable to frequent low-intensity cultural burning, is not

reflected in modern vegetation communities that have sustained a

century of fire suppression. These and other studies (e.g., Nabhan

et al., 2004) highlight the effects of fire withdrawal on biodiversity
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FIGURE 3

Over-stocked concentration of pinyon and juniper trees showing intermingling of branches and a dense understory, which creates a

wildfire-vulnerable fire regime.

and illustrate how incomplete our understandings are of vegetation

histories that do no incorporate archaeological data—a situation

best described as the Invisible Pyrophyte Paradox.

3.3 Occupation and land-use patterns
through time

Although sporadic human activity in and around the Grand

Canyon may have begun as early as 10,000 BC (Smiley, 2017),

perennial occupation of the Grand Canyon region started around

AD 550/700 (Downum and Vance, 2017; Mink, 2019) but was

discontinued no later than AD 1250/1300 (Euler, 1969). This

settlement history ensures that no fire-scarred trees (Fulé et al.,

2003; Fulé, 2010) are available to track the frequency and extent

of anthropogenic fire in the Upper Basin during the height of

the area’s occupation, roughly AD 900/950-1150/1200 (Sullivan

et al., 2002b)—an exemplification of the Fading Record problem in

historical ecology (Swetnam et al., 1999).

Protohistoric, ethnohistoric, and modern Indigenous use of

the Upper Basin’s woodlands by Havasupai and Navajo during the

last 150 years is limited to short-term autumnal occupations when

pinyon nuts can be gathered (Martin, 1985; Weber and Seaman,

1985; Hough and Brennan, 2008), and to ubiquitous firewood

collecting, which entails extensive cutting of pinyon and juniper

trees on a nearly continuous basis (Figure 4). Looking farther afield,

consideration of J. W. Powell’s late 19th century descriptions of

Southern Paiute subsistence activities (Fowler and Fowler, 1969)

and B. J. Lefler’s (Lefler, 2014) study of modern Southern Paiute

local ecological knowledge (LEK) yields no cases of fires being set in

pinyon-juniper woodlands to produce edible wild plants. Overall,

the broader Grand Canyon region—especially the Coconino

Plateau and the Upper Basin—lacks specific ethnographic accounts

of Indigenous cultural burning for economic purposes that might

serve as baseline reference points for archaeological modeling of

landscape-scale anthropogenic fire (Cleeland et al., 1990), which is

indicative of theNo Analog Problem in historical ecology (Swetnam

et al., 1999; also, Maxwell and Anschuetz, 1992, p. 38–39).

3.4 Framework for inquiry

The remedy we propose to overcome the Upper Basin’s

constraints on fire-based inquiries focuses on exploring the
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FIGURE 4

Evidence of recent illegal wood-cutting in Kaibab National Forest showing gullying attributable to unauthorized o�-road vehicle tra�c, slash from

recently cut living trees, and damage to an archaeological site (indicated by the archaeologist gesturing to a site tag on freshly cut tree stump).

interpretive potential of palimpsests—archaeological phenomena

that have systemically different formation histories and artifact

accumulation cycles (Bailey, 2007). As noted above, Formation

Theory provides a framework to consider how matter comes to

be deposited on surfaces and incorporated dynamically into the

archaeological record (Sullivan, 2008). This time perspectivism

approach enables the development of inferences about cultural

burning, particularly when the bulk of feature-derived and surface-

occurring matter consists of charcoal, macrobotanical remains,

and pollen that originated from the processing of fire-following

therophytes that were produced and harvested during the first or

“earliest” post-fire successional phase (West, 1984; Bohrer, 1992;

Foxx, 1996).

4 Sources of archaeological evidence
for economic burning in the Upper
Basin

An encouraging development in the application of the time

perspectivism approach is that, since 1986, analyses conducted

by archaeobotanists and palynologists from different universities

(Davis, 1986; Smith, 2003) and research facilities (Scott, 1986;

Bozarth, 1992; Huckell, 1992; Cummings and Puseman, 1995,

1997, 2010) have reported that chenopodium and amaranth

dominate samples recovered from an assortment of Upper Basin

contexts (Sullivan and Mink, 2018). Their widespread prevalence

in the following types of archaeological phenomena, which

are palimpsests that formed under disparate occupation and

abandonment modalities (Sullivan and Ruter, 2006), provides

the empirical foundation for our theoretical models that explain

patterns of variation in economic burning (D’Andrea et al., 2023).

Multi-room structures [Site 17 (n = 4 rooms) and MU 125

(n = 6 rooms)], occupied continuously for no more than 10

years, have abundant plant-part catchment-traps and artifacts

whose contents or enveloping sediments represent long-term (e.g.,

post holes), short-term (e.g., storage vessels), or last-use (e.g.,

hearths) accumulation cycles (van der Veen, 2007; Berkebile, 2014).

These abandoned perennial habitations are characterized, as well,

by dense concentrations of artifacts on structure floors and in

exterior locations, and disclose on-site artifact-production facilities

(Sullivan, 1988; Fugate, 2004).

In contrast, single-room structures [MU 38.1 (Becher, 1992);

SRI 15 and SRI 24 (Whittlesey, 1992); GC 105 (Downum, 2010)]

appear to have been used infrequently and reoccupied only
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on a seasonal basis (bi-monthly to multi-monthly, at most).

Consequently, they have few plant-part catchment-traps, few

artifacts on structure floors, and are accompanied by low to

moderately dense artifact concentrations in exterior areas. Limited

lithic and ceramic artifact production appears to have occurred

episodically on-site and occasionally involved a dedicated feature

(Sullivan et al., 1995), while artifact assemblage formation relied

on low-level replenishment/restocking of ceramics and recycled

ground-stone artifacts from nearby, off-site sources.

Fire-cracked-rock piles [MU 121, MU123.1, MU 235, MU

236 (Sullivan et al., 2001)], unaccompanied by structures of any

kind, are characterized by very short-term occupations (daily to

sub-weekly), typified by multiple, episodic accumulation cycles

that involved intensive lithic-artifact production (Purtill, 1995),

as well as significant provisioning and recycling of ground-stone

artifacts (manos and metates) and ceramics from neighboring

locations. Plant-part catchment-traps are rare; most samples were

recovered from sediments lying beneath arrays of processing

artifacts and from sediments surrounding dense, ashy, charcoal-

rich concentrations of fire-cracked rock and burned surfaces (Cook,

1995).

Alignments of rocks placed on sloping surfaces [SRI 24

(Homburg, 1992); MU 125.1 (Sullivan, 2000)], presumably

related to soil management, were characterized by unintensive,

discontinuous seasonal (bi-monthly to multi-monthly) use

histories that involved no artifact production and scant evidence

of artifact accumulation cycles. No plant-part catchment-traps

accompany these alignments; pollen samples were recovered

from strata that had accumulated behind and upslope from the

rock alignments.

As synthesized recently (Sullivan andMink, 2018), the results of

archaeobotanical and palynological analyses of samples recovered

from sealed surfaces and features in burned and unburned

structures, from bulk sediment samples obtained from occupation

surfaces, from buried soil horizons in alluvial fans, and from

exposed (open-air) artifact arrays, are unified in two respects –

(i) they are dominated numerically by seeds and pollen from

fire-responsive chenopodium and amaranth plants (cf. Carter

et al., 2021, p. 4) and (ii) they contain few, if any, fire-intolerant

domesticated plant remains, such as maize (Sullivan, 1987, 1992).

It is no coincidence that, with the exception of the largely artifact-

free soil management features, these archaeological phenomena

are accompanied by numerous whole and fragmentary metates

and manos [representing all types (basin, slab, and trough)

and materials (sandstone, limestone, quartzite, and basalt); for

ethnographic and ethnoarchaeological examples, see Fowler and

Fowler (1969, p. 23) and Euler andDobyns (1983), respectively] and

thin sandstone “grinding slabs” that are indicative of small-seed and

nut processing (Yoder et al., 2010; see also Mueller-Bieniek et al.,

2018, p. 10).

5 Expanding archaeological evidence
of economic burning in the Upper
Basin

To gauge the reliability of our principal inference that

low-intensity anthropogenic burning enabled the production of

edible ruderals, two additional investigations were conducted

recently—one involving a newly identified type of terrace complex,

which consists of 14 “cut-back” terraces (Table 1; Figure 5A), and

another featuring sedimentary sequences. In one respect, the cut-

back terraces are similar to previously reported terrace complexes

in the Upper Basin because they have no evidence of artifact

production or accumulation, but are profoundly dissimilar in

view of their manner of construction (Sullivan, 2000). That is,

instead of the terrace builders placing rocks on a sloping surface

to impound sediments entrained in slopewash (Homburg, 1992),

we hypothesize that this newly identified type of terrace complex

was created by people removing rocks from an unconsolidated

bedrock slope—hence, the term “cut back”—thereby creating flat,

linear surfaces that are arranged perpendicular to the slope’s gradual

pitch (Figure 5B; cf. Brown et al., 2023, p. 12–13).

Test units (1.0m × 0.5m × 0.3–0.4m) were placed in four

terraces (Table 1) to reveal the nature of the contacts between

adjoining surfaces (i.e., between a terrace surface and the face of

the nearest upslope terrace; Figure 6) and to facilitate stratigraphic

sampling of macrobotanical remains and pollen. A control unit

was excavated on level ground at the top of the bedrock slope to

ascertain natural depositional processes; pollen andmacrobotanical

samples were recovered from different soil horizons there, as well.

To determine the potential of the Upper Basin’s sedimentary

sequences for yielding evidence of burning, 14 auger cores were

extracted from four areas (Figure 7). Coring locations were chosen

to sample sediments from the highest to the lowest points in

the basin-wide drainage system (i.e., from the South Rim to

Lee Canyon, respectively), distributed among concentrations of

masonry ruins and fire-cracked-rock piles (Coring Areas 1-3),

TABLE 1 Dimensions and elevations of 14 cut-back terraces in Grand

Canyon National Park.

Terrace Length
(m)

Width
(m)

Elevation
(masl)

MU 1463 6.9 0.8 2,245.70

MU 1464 42.1 0.9 2,245.50

MU 1466 14.0 0.9 2,244.80

MU 1467 11.7 0.8 2,246.40

MU 1468 21.3 0.7 2,246.50

MU 1469 20.9 1.0 2,247.80

MU 1470 26.4 0.8 2,247.90

MU 1471 8.9 1.0 2,246.50

MU 1472 8.0 0.7 2,247.30

MU 1473 6.8 0.7 2,244.10

MU 1474 6.1 0.7 2,243.60

MU 1476 13.8 0.8 2,243.30

MU 1477 5.2 0.7 2,245.10

MU 1478 7.3 0.6 2,245.00

Bolded terraces were tested for pollen and macrobotanical remains. Descriptive statistics for

terrace length: total length = 199.4m; range = 36.9m; mean = 14.2m; standard deviation

= 10.4m. Descriptive statistics for terrace width: range = 0.4m; mean = 0.8m; standard

deviation= 0.1m.
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FIGURE 5

(A) Upslope view of archaeologists standing on the surfaces of four cut-back terraces in Grand Canyon National Park (bearded archaeologist [lower

right] is standing on Terrace MU 1471 where test-trench excavations were conducted); (B) downslope view showing cut-back terrace surface

(center, with field compass and staked test-trench [1.0m × 0.5m] in Terrace MU 1464) situated between two unconsolidated bedrock berms

(foreground and top).

FIGURE 6

Test trench (1.0m × 0.5m × 0.3–0.4m) excavated through the

surface of Terrace MU 1464 showing the contact between the

terrace’s largely rock-free surface, from which rocks had been

removed by people in the past, and the intact face of the next

upslope terrace showing in situ rocks.

and in an area devoid of known archaeological sites (Coring

Area 4 along Lee Canyon near the base of the Coconino Rim).

Although auger depth and sediment characteristics varied, evidence

of cumulic soil development was present in 12 of 14 augers

(Table 2). Variation in soil properties was recorded in the field

by 10 cm-drives within each auger core; soil samples, which

infrequently contained visible macrocharcoal fragments (6 of

14 augers; 34 of 150 drives) that are important indicators for

understanding variation in fire regimes, were recovered from each

auger drive.

6 Results of the test-trenching
program

6.1 Stratigraphic evidence

Horizons identified in the four terrace test-trenches revealed

that the terraces are fairly uniform stratigraphically despite minor

differences in strata thicknesses. The first 5–10 cm below surface

are characterized by soft, loose, silty sand deposits that contain

few, if any, rocks, and no ceramic, flaked stone, or ground stone

artifacts (Figure 8). As depth below surface increases, so does soil

compaction, and rock size and frequency (Merkle, 1952, p. 377).

Unexpectedly, a feature (Feature 1) was discovered in Terrace

MU 1471 that consisted of two 10 cm deep, ash-filled postholes

accompanied by partially burned fragments of rotted juniper wood

intruded through the floor of a post-hole trench (Figure 8).

The stratigraphy of the control test-trench differs importantly

from the terrace units because of the presence of large rocks at

the surface and in subsurface positions, and by thick (>10 cm)

and heavily-compacted clayey sand that increased in hardness with

depth (Figure 9). These findings are consistent with those reported
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FIGURE 7

Map of the Upper Basin showing locations of Coring Areas (CA 1–4) and auger holes, cut-back terraces and control unit, masonry structures, and

fire-cracked-rock piles.

TABLE 2 Macrocharcoal, soil formation, and sedimentation data for Augers 1–14.

Coring area
(CA)/auger
number

Total
number
of drives

Number of
drives with

macrocharcoal

Drives with soil
formation processes

dominant

Drives with soil formation and
moderate sediment input
(cumulic soil development)

Drives with
sedimentation
dominant

CA 1/9 16 3 2.5 8 5.5

CA 1/10 22 10 6 11.5 4.5

CA 2/3 3 0 3 0 0

CA 2/4 4 0 1 2 1

CA 2/5 1 0 0 0 1

CA 3/6 10 2 2 4 4

CA 3/7 6 2 2 1 3

CA 3/8∗ 12 0 0 6 5

CA 4/1 6 2 0 5 1

CA 4/2 2 0 0 1 1

CA 4/11∗ 11 0 2 5 3

CA 4/12 19 0 2 3 14

CA 4/13 31 15 0 18 13

CA 4/14 7 0 0 2 5

∗For Augers 8 and 11, the final drives penetrated consolidated parent material and are not included in the counts for the three categories related to soil formation processes.
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FIGURE 8

Profile views of test trench in Terrace MU 1471 showing rock-free zone (Strata I and II) of accumulated fine-grained, silty sand sediments (center,

below tape measure), large rocks of adjoining downslope terrace (left center), and post-hole trench intruded through large rocks (left center) with

burned remains of two posts in 10 cm-deep postholes.

for non-anthropogenic stratigraphic contexts in the Upper Basin

and elsewhere in the Grand Canyon (Rand, 1965, p. 88).

Together, the stratigraphic and content differences between

the terrace test-trenches and the control test-trench support

the hypothesis that rocks were cleared from the unconsolidated

bedrock slope on which they originally reposed and were

deliberately placed aside to produce level surfaces of highly varying

length (coefficient of variation = 73.2%) but tightly constrained

width (coefficient of variation = 12.5%). Although the intentions

of the people who created these surfaces are unclear, it is reasonable

to conclude that the cut-back terraces may have served as stable

landforms from which to concentrate the production or processing

of economic plants (details below). Because of the limited exposure

of Feature 1 in Terrace MU 1471, hypotheses regarding the circum-

stances that led to its origination are decidedly speculative. That

said, the feature may represent the remains of a double-post

support for an unroofed shade or a small enclosure similar to those

reported in 19th century Hopi agricultural fields (Mindeleff, 1891,

p. 217–218). It is worth noting that one other alignment complex

in the Upper Basin has disclosed surface indications of a small

enclosure (MU 4030) situated on the surface of a cut-back terrace

(MU 4029).

6.2 Archaeobotanical evidence

The two uppermost strata in the test trenches for Terraces

MU 1464, MU 1466, and MU 1471 yielded highly variable

quantities of chenopodium seeds (n = 45, n = 306, and n = 413

seeds, respectively per 0.25 liter; Table 3) accompanied by low

numbers of seeds from several miscellaneous economic plants

[Fabaceae; Portulaca; Polygonum; and Mammillaria (Cummings,
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FIGURE 9

Profile views of control test-trench. Note the large rocks that range from the surface to the bottom of the exposure (Strata I-III). The tape is

extended 50 cm.

1994; Springer et al., 2009, p. 136–138; Ford, 2000, p. 217)]. In

contrast, Terrace MU 1470 yielded just one economic plant seed

(Polygonum), whereas the control test-trench yielded only 12

chenopodium seeds.

Results of the palynological analysis of samples recovered

from the uppermost stratum of the four terrace test-trenches and

the control test-trench (ranging 2–8 cm below ground surface)

align with the aforementioned macrobotanical data (Jones, 2019).

Because pollen preservation was excellent across samples, with

concentrations ranging between 3.9 k and 104.7 k grains per gram

of sediment (Jones, 2019, p. 6), the absence of domesticated plant

pollen is particularly noteworthy because it reinforces findings

and interpretations obtained from other excavated contexts in the

Upper Basin noted earlier (Sullivan and Forste, 2014). Excluding

arboreal pollen, which dominates all pollen assemblages, and

numerically inconsequential “background” herbaceous taxa pollen,

the samples have elevated frequencies of nonarboreal pollen

from the disturbance-responsive Amaranthceae family, which

includes chenopodium. The only exception to this generalization

is the sample from Terrace MU 1471, which disclosed no

cheno-am pollen even though its macrobotanical assemblage is

dominated heavily by chenopodium seeds. One explanation for

this discrepancy is that a “very local burning event” consumed new

growth, including undispersed pollen still clinging to the plants,

on the terrace surface but did not incinerate earlier deposited and

protected seeds below the ground’s surface (Jones, 2019, p. 8; also,

Reed, 2021, p. 16).

7 Results of the augering program

Soilscapes in this part of northern Arizona support numerous

classifications (Hendricks, 1985; Brewer et al., 1991) but Homburg’s

(1992) designation of Upper Basin soils in the vicinity of alignment
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TABLE 3 Frequencies of identifiable seeds from economically-significant ruderal plants and of microcharcoal particulate concentrations for control and

terrace test-trenches.

Test trench Stratum Seed count (per
0.25 liter of
sediment)

Taxon Microcharcoal particulate (8–80
microns) concentration

(fragments per gram of sediment)

Control 1 – – 71.1 K (very low)

2 12 Chenopodium sp.

Terrace MU 1464 1 36 Chenopodium sp. 166.8 K (low-moderate)

1 1 Fabaceae

1 1 Portulaca sp.

2 9 Chenopodium sp.

Terrace MU 1466 1 275 Chenopodium sp. 218.0 K (moderate)

1 1 Polygonum sp.

2 31 Chenopodium sp.

2 2 Fabaceae

2 1 Polygonum sp.

Terrace MU 1470 1 1 Polygonum sp. 215.4 K (moderate)

2 – –

Terrace MU 1471 1 181 Chenopodium sp. 647.2 K (very high)

1 2 Mammillaria sp.

2 232 Chenopodium sp.

2 1 Fabaceae

2 1 Mammillaria sp.

complex SRI 24 as Cumulic Haplustolls covers the range of

pedological variation revealed among auger cores (e.g., see Table 4

for details of Auger 6). Importantly, six augers contained visible

macrocharcoal fragments that were associated with periods of

cumulic soil development (Table 2). When present, concentrations

of small- to medium-sized fragments of charcoal (<1 mm−4mm)

imply transport and deposition from nearby sources via alluvial or

colluvial processes (cf. French et al., 2009, p. 669). In a few drives,

larger charcoal fragments (>4mm) were encountered, suggesting

burning in-situ or near the auger location (cf. Herring et al., 2014).

8 Regional synchroneity of economic
burning

Burning practices related to edible-resource production and

processing are reflected in broad temporal patterns of calibrated

radiocarbon dates that crosscut the formation histories of the

Upper Basin’s highly variable palimpsests (Table 5). An AMS

determination of AD 541-602 (AA-112248), for instance, places the

origin of microcharcoal recovered from Auger 6 (Drive 10) at the

beginning of sustained human activity in theUpper Basin. This date

range overlaps slightly with that of an early activity surface at MU

235 dedicated to seed and nut processing (AD 420-556; Pitt-1060),

but aligns more completely with a date range of AD 549-757 (AA-

17934) obtained from charcoal recovered from a fire-cracked-rock

pile (MU 121).

The juniper wood samples recovered from Feature 1 at Terrace

MU 1471 were submitted to the Laboratory of Tree-Ring Research

at the University of Arizona but could not be dated because of their

deteriorated condition. AMS determinations on the same wood

samples returned date ranges of AD 677-875 (AA-112563) and

AD 881-989 (AA-112564). Because both adjoining wood samples

originate from the same surface, the second date range (AD 881–

989) likely indicates the construction period of Terrace MU 1471,

with the slightly earlier date range representing the use of dead

wood—a common practice in the Upper Basin (Whittlesey, 1992).

Both wood sample date-ranges overlap significantly with a

conventional radiocarbon date range of AD 677–955 (Pitt-1043)

obtained from charcoal recovered from a seed and nut processing

activity-surface adjacent to a fire-cracked-rock pile (MU 235;

Sullivan et al., 2001, p. 370). They also overlap partially with an

AMS-determined date range of AD 773–993 (AA-40671) returned

for microcharcoal recovered from an axial alluvial fan (Simkins

Flat; Sullivan and Ruter, 2006, p. 199), and another of AD 771-

950 (AA-112247) based on microcharcoal recovered from Auger 6

(Drive 9).

A microcharcoal sample recovered from Terrace MU

1470 yielded an AMS-determined date range of AD 1490–

1639, which overlaps largely with a conventional radiocarbon

determination of AD 1471–1648 (AA-17935) that was obtained

from charred seeds recovered from a pit on the edge of a

fire-cracked-rock pile (MU 123.1; Sullivan et al., 2001, p. 370).

It also overlaps partially with a date range of AD 1420–1625
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(A-11753) returned from a buried and partially burned log

discovered in the axial alluvial fan (Simkins Flat) noted above

(Sullivan and Ruter, 2006).

Despite the likelihood that dead wood was used for fuel and

construction material, we suspect that much of the dated material

recovered from the terrace test-trenches, Auger 6, and previously

investigated contexts brackets the range of economic burning

practices during the bulk of the radiocarbon-determined span of

human occupation of the Upper Basin, which is no earlier than

AD 420–556 and no later than AD 1471–1648 (Table 5). Although

additional quantification of charcoal accumulation rates would

provide a more fine-grained picture of variation in the frequency

and impacts of natural and anthropogenic burning events, the

totality of current evidence, especially robust co-occurrences of

charcoal and ruderal archaeobotanical remains recovered from a

variety of contexts, strongly indicates anthropogenic manipulation

of the Upper Basin’s fire regimes for food-production purposes.

In contrast, some other contexts examined here, such as the

uppermost drives of the auger cores and the uppermost stratum

of the control test-trench, which do not correspond to the dated

occupation span of the area, are devoid of economic ruderal

pollen or seeds, yield little or no charcoal, and disclose very

low concentrations of microcharcoal particulates, likely arose

in circumstances that did not involve frequent, low-intensity

fires and intentional ruderal production (D’Andrea et al., 2023).

Collectively, and importantly, these findings provide a foundation

for modeling variation in ancient human pyrogeography,

as follows.

9 Modeling variation of economic
burning practices

Here, we illustrate the role of Formation Theory and the value

of time perspectivism in providing plausible explanations for how

evidence of anthropogenic fire is expressed in the archaeological

record. First, as noted above, no pollen or macrobotanical remains

of domesticated plants were identified; with the exception of

Terrace MU 1470, all samples are dominated by chenopodium

seeds, and in the case of pollen, by cheno-am and low-spine

Asteraceae [these plants are all indicative of disturbance (King,

1994, p. 200–201) in post-fire settings (Damick et al., 2022, p.

9)]. These findings suggest that differences among samples are

attributable to variation in formation histories of the terraces.

For example, Terrace MU 1470 may have been built but rarely

used, if it was used at all. A similar pattern has been inferred for

structures in the Upper Basin (Sullivan, 2008), and for alignments

and terraces at nearby Wupatki National Monument (Sullivan

and Downum, 1991), that disclose few if any surface artifacts.

Similarly, Terrace 1464 may have been used briefly, perhaps only

once. In contrast, Terraces 1466 and 1471, which were heavily

used as measured by the high frequencies of seeds identified in

their samples, appear to have different formation histories, with

the former having the bulk of its seeds recovered from Stratum

1 (near-surface context) whereas the latter terrace’s seeds were

nearly equally divided between Stratum 1 (near-surface context)

and Stratum 2 (subsurface context).
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TABLE 5 Feature types, sample contexts, material dated, C-14 ages, two-sigma (95.4%) calibrated date ranges, and laboratory identification numbers for

radiocarbon-dated samples from the Upper Basin.

Feature ID and
type

Sample context Material
dated

C-14 Age
(years BP)

Date Range
(OxCal 4.4)

Laboratory
ID number

Reference

Auger 6, Drive 10 Auger core Microcharcoal 1,516+/−19 AD 541–602 AA-112248

MU 235—FCR∗ Pile Seed/Nut processing activity

surface

Charcoal 1,580+/−30 AD 420–556 Pitt-1060 Sullivan et al., 2001

MU 121—FCR Pile Ash concentration Charcoal 1,420+/−50 AD 549–757 AA-17934 Sullivan et al., 2001

MU 1471—Feature 1 Post-hole in terrace Juniper wood 1,249+/−21 AD 677–875 AA-112563

MU 235—FCR Pile Seed/Nut processing activity

surface

Charcoal 1,210+/−45 AD 677–955 Pitt-1043 Sullivan, 1992

Auger 6, Drive 9 Auger core Microcharcoal 1,190+/−27 AD 771–950 AA-112247

Simkins Flat Axial alluvial fan Microcharcoal 1,141+/−36 AD 773–993 AA-40671 Sullivan and Ruter, 2006

MU 1471—Feature 1 Post-hole in terrace Juniper wood 1,132+/−19 AD 881–989 AA–112564

Simkins Flat Axial alluvial fan Microcharcoal 900+/−38 AD 1039–1220 AA-52955 McNamee, 2003

MU 1470 Test pit in terrace Microcharcoal 328+/−20 AD 1490–1639 AA-111835

MU 123.1—FCR Pile Small pit Charred seeds 325+/−40 AD 1471–1648 AA-17935 Sullivan et al., 2001

Simkins Flat Axial alluvial fan Burned log 425+/−40 AD 1420–1625 A-11753 Sullivan and Ruter, 2006

∗FCR= fire-cracked-rock.

Second, it is worth reiterating that all the plants in Table 3

are therophytes—disturbance-related economic ruderals that have

been recovered in abundance in disparate prehistoric contexts

around the Grand Canyon province (Balsom et al., 2017, p. 223).

Whether their ubiquity is attributable to natural disturbances

in the Upper Basin, such as wildfires that create openings in

overstocked stands, or floods that create fresh exposures in alluvial

flats, or winds that uproot trees and create basins for sediment

accumulation and subsequent seed germination (Karkanas and

Goldberg, 2019), or to anthropogenic burning, these plants are

“obligate initial community species” (United States Department of

Agriculture Fire Effects Information System., 2023), which bestows

competitive advantages on their survivability and spread. Hence,

it is not surprising that these species register collectively as highly

variable assemblages of macrobotanical andmicrocharcoal remains

that arose from differences in fuel loads, ignition sources, and time

since the last burning event (Mellars, 1976, p. 28–29, 35).

With these factors in mind (Table 3), we advance the following

models to account for the range of variability of cultural burning,

and its archaeological consequences, in the Upper Basin.

Model 1: stratigraphically discontinuous occurrences of low

amounts of microcharcoal unaccompanied by ruderal seeds are

indicative of charcoal transport from naturally-ignited fires (e.g.,

Auger 6);

Model 2: low frequencies of ruderal seeds accompanied by

exceptionally low amounts of microcharcoal are indicative of

unintended/incomplete combustion that occurs at the edges of or

beyond the perimeters of economic burn patches (e.g., Control

Test Trench);

Model 3: stratigraphically continuous occurrences of moderate

amounts of microcharcoal accompanied by very few ruderal seeds

are indicative of largely unproductive economic burning (e.g.,

Terrace MU 1470);

Model 4: stratigraphically discontinuous occurrences of low to

moderate amounts of microcharcoal accompanied by low numbers

of ruderal seeds are indicative of sporadic economic burning (> 6

years; e.g., Terrace MU 1464; Pyne, 2021b, p. 71);

Model 5: stratigraphically continuous occurrences of moderate

amounts of microcharcoal accompanied by high numbers of

ruderal seeds are indicative of repeated economic burning at low-

frequency rotation intervals (ca. 4–6 years; e.g., Terrace MU 1466;

Roos et al., 2023; Springer et al., 2024, p. 29);

Model 6: stratigraphically continuous occurrences of extremely

high amounts of microcharcoal accompanied by high numbers of

ruderal seeds are indicative of sustained economic burning at high-

frequency rotation intervals (ca. 1–3 years; e.g., Terrace MU 1471;

Coughlan, 2013, p. 95; Wu et al., 2023, p. 3).

These proposed archaeological outcomes of anthropogenic

patch-burning make sense ecologically because landscape fires

do not yield symmetrical patches of burned material (Damick

et al., 2022). To the contrary, the extent and boundaries

of cultural burning are difficult to control (Steward, 2018)

and, consequently, produce highly irregular spatial distributions

of burned vegetation and scorched earth accompanied by

heterogeneously-sized exposures of ash and charcoal—in short,

spatial jumbles of heavily, lightly, and unburned areas emerge

during the same cultural burning event (also, Roos et al., 2010, p.

158–159; Bates and Davies, 2016).

10 Time, economic burning, and the
ruderal seed-bed hypothesis

The widespread and long-term synergy between anthropogenic

fire and ruderal production that we infer is recorded in the

Upper Basin’s archaeological and archaeobotanical records is
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reflected in the successional aftermaths of several 21st century

lightning-caused fires. These conflagrations, of varying severity and

coverage (Sullivan and Mink, 2018, p. 630), activated near-surface

accumulations of dormant ruderal seeds, resulting in pyrophyte

“blooms” (or “flourishes”) that grow on and around archaeological

sites. For example, ruderal pyrophytes, such as fetid goosefoot

(chenopodium), amaranth, and tobacco sprouted more than a

year after the Scott Fire torched 1,076.5 ha of the Upper Basin’s

pinyon-juniper woodland in 2016 (Figure 10). This phenomenon

is not an isolated occurrence as similar post-fire ruderal blooms

have been recorded on several archaeological sites in ponderosa

pine forests southwest of the Upper Basin near SitgreavesMountain

in northern Arizona (Figure 11; cf. Yarnell, 1965, p. 668–669).

The aforementioned data and interpretations provide the

evidential foundation for the ruderal seed-bed hypothesis (Smith,

1998). Essentially, we propose that the repeated application of low-

intensity anthropogenic fire to understory vegetation results in the

establishment of self-perpetuating, viable seed beds of pyrophytic

ruderals, such as chenopodium and amaranth (Abella and Springer,

2008). In this model, humans control the location and extent of

food production activities that depend on fuel-load management

rather than on uncontrollable factors, such as poor soil conditions

or erratic rainfall amounts that plague corn farming, which are

widespread in the Upper Basin today (Sullivan, 2015).

With regard to ecological dynamics, low-intensity burning of

understory vegetation has six predictable effects: it reduces com-

petition from non-economic ruderals, activates the germination

cycle of the near-surface seed bed (Reed, 2021, p. 3), maintains

the growing temperature of the seed bed by changing the surface

albedo from reflective to absorptive, releases nutrients into the seed

bed (Lewis, 1972, p. 199), enhances photosynthesis by thinning

the canopy (Lefler, 2014, p. 70–71; Pyne, 1998, p. 77), and with

repeated ignitions makes “the pinyon-juniper woodlands look

like patchy savannas” (Bonnicksen, 2000, p. 239; also Romme

et al., 2009). By encouraging the production of pyrophytes and

their prodigious amounts of seeds (Turner et al., 2021), humans

FIGURE 10

Expanses of fire-following ruderals 1 year after the 2016 Scott Fire in the Upper Basin, Kaibab National Forest: (A) tobacco sprouts (in front of the

gesturing archaeologist; image and botanical identification courtesy of N. Weintraub); (B) fetid goosefoot (chenopodium; image and botanical

identification courtesy of N. Weintraub); (C) amaranth sprout (image by A. P. Sullivan; botanical identification by J. D. Springer).

FIGURE 11

Fire-following fetid goosefoot (chenopodium) growing on and around archaeological sites: (A) 1 year after a wildfire on Sitgreaves Mountain, Kaibab

National Forest (2014); (B) 1 year after a prescribed fire on Walavudu, Kaibab National Forest (2017); images and botanical identifications, courtesy of

N. Weintraub.
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confer a selective advantage upon these fire-adapted ruderals (e.g.,

Cuthrell, 2013, p. 277; Mueller-Bieniek et al., 2019, p. 8), which

goes far to explain their widespread distribution across the greater

Southwest (Fritz et al., 2017). And, because of their abundance

and longevity (Mueller-Bieniek et al., 2018; Bisbing et al., 2023;

upwards of 50 years), long-dormant seeds of fire-following plants

can be activated by lightning-caused fires that occur long after

humans have abandoned the archaeological landscapes that shelter

them (Springer et al., 2024, p. 26).

11 Summary and conclusions

Archaeological and geoarchaeological investigations have

revealed that macrobotanical and pollen assemblages recovered

from a variety of accumulation contexts in the Upper Basin are

dominated by disturbance-based, fire-following [“fire-stimulated”

(Nabhan et al., 2004, p. 17–21)] ruderals. These assemblages, largely

devoid of domesticated plant remains, support the hypothesis that

the prehistoric occupants of the Upper Basin regularly ignited

and managed “food fires,” which constitute a sustainable food-

production practice that has no ethnographic referent in the

northern American Southwest. From the perspective of long-term

ecosystem dynamics, the effects of these fire foodways still register

in the region as “ruderal blooms” once fire is reintroduced to

the landscape. This pattern means that after ruderal seed beds

had been established in and around settlements and activity areas

prehistorically, presumably by the application of fire to understory

plant communities, they persisted long afterwards (Wilke et al.,

1972, p. 206).

The prevalence of pyrophytic ruderals in assemblages formed

under a variety of accumulation circumstances cannot be explained

by sampling bias or preservation variability. To the contrary, the

economic centrality of these plants in prehistoric food-production

systems attests to persistent understory burning. Importantly,

members of the Amaranthceae and Asteraceae families, in

particular (Springer et al., 2024, p. 32), produce abundant seeds

and leaves that are highly nutritious (James, 2009) and can be

produced in conditions that are unfavorable to maize cultivation

(Sullivan et al., 2015, p. 49). In essence, anthropogenic fire in

the service of ruderal production made pinyon-juniper woodlands

widely habitable (Sullivan and Forste, 2014).

With these understandings, our emerging model of the

behavioral-ecological dynamics associated with the establishment

of ruderal seed-beds hardly differs from those proposed by fire

anthropologist Henry T. Lewis (1972) and archaeobotanist Bruce

D. Smith (1998) for wheat domestication in the Near East. That is,

the repeated application of fire to understory vegetation increases

the density of nutritious seed- and leaf-bearing ruderals, thereby

favorably altering the selective pressures that influence their growth

and reproduction (Oryokot et al., 1997). Additionally, those seeds

not captured during harvesting create an enriched and persistently

viable near-surface seed bed that keeps on producing economic

plants whenever activated by either anthropogenic fires, with

short rotation intervals (multi-year) during human occupation,

or by natural fires, with long rotation intervals (multi-decadal)

following abandonment. Because these seed beds are refreshed

whenever touched by fire, ruderal production can persist long after

the cessation of the human occupation that created them in the

first place.

Such ecological dynamics help explain why three AMS dates of

seeds recovered from Feature 1 at Terrace MU 1471 (AA-113503;

Beta-661553; Beta-661554) returned post-bomb ages (>AD 1955).

It seems that in the late 20th century lightning-ignited fires

consumed understory vegetation on the cut-back terraces and

activated dormant seeds in the underlying soil (Koniak and Everett,

1982). If correct, this inference contributes to our understanding of

the Invisible Pyrophyte Paradox, namely, that there are no reported

instances of cheno-ams in areas that have not sustained fire for

at least 30–50 years (Brewer et al., 1991; Alcoze and Hurteau,

2001). With sufficiently combustible fuel loads, the Upper Basin’s

prehistoric occupants burned when they wanted and where they

could—sometimes successfully, other times not. The byproducts

of this style of rolling economic burning, particularly how they

register and are expressed today in the archaeological record,

are what you would expect—patchy exposures of fire-following

therophytes whose occurrences are difficult to predict.

Investigating the archaeological consequences of anthro-

pogenic burning on forest ecosystem structure and vegetation

community composition is advanced by the macrobotanical

and pollen analysis of archaeological and geoarchaeological

contexts that arise from a variety of palimpsest formation and

assemblage accumulation cycles. In addition to providing antidotes

to persistent problems in archaeology (e.g., the Registration

Problem) and historical ecology (e.g., the Fading Record and

No Analog Problems), the adoption of a time perspectivism

theoretical framework enables archaeologists and paleoecologists

an opportunity to appreciate the “hidden legacy” of pyrophytic

ruderals, their economic significance in prehistoric foodways,

and the extent to which anthropogenic fire, and its withdrawal,

continues to profoundly affect the health and vitality of forested

landscapes, and their human occupants, worldwide.
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