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ABSTRACT

The Pioneer site in southeastern Idaho, an open-air, stratified, multi-component
archaeological locality on the upper Snake River Plain, provides an ideal situation for
understanding the geomorphic history of the Big Lost River drainage system. We conducted a
block excavation to understand the geochronological context of both cultural and
geomorphological components at the site. The results of this study show a sequence of multiple
depositional episodes forming three terraces beginning prior to 7200 cal yr BP and lasting until
the historic period, preserving one cultural component dated to ~3800 cal yr BP and multiple
components dating to the last 800 cal yr BP. Additionally, periods of deposition and stability at
Pioneer indicate climate fluctuations during the middle Holocene (~7200-3800 cal yr BP),
minimal deposition during the late Holocene, and a period of increased deposition potentially
linked to the Little Ice Age. In addition, evidence for a high-energy erosional event dated to
~3800 cal yr BP suggests a catastrophic flood occurred during the middle Holocene that may
correlate with volcanic activity at the Craters of the Moon lava fields to the northwest. This study
provides a model for studying alluvial terraces in arid environments and their potential to

preserve stratified archaeological deposits.



INTRODUCTION

The aridity of the Desert West poses a challenge to understanding chronological contexts
of archaeological sites, as it has lead, in particular, to an overwhelming occurrence of un-
stratified surface assemblages (Beck & Jones, 1997). While attempts have been made to date
surface assemblages using chronologically sensitive projectile point styles (e.g. Thomas, 1981)
or obsidian-hydration analysis (e.g., Tuohy, 1980; Hull, 2001; Rogers & Duke, 2011), at best
these methods only provide general ages, making it difficult to interpret any but the most basic
trends in technological and cultural variation through time.

Assemblages from intact, buried contexts provide the most precise chronological
controls, and though relatively rare, such sites in the Great Basin come almost exclusively from
cave and rockshelter settings (eg. Jennings, 1957; Aikens, 1970; Thomas et al., 1983; Graf,
2007; Jenkins et al., 2012). However, in addition to being uncommon, these sites often have
complex or mixed stratigraphy due to rockfall, bioturbation, and modern looting. Moreover, an
over-reliance on rockshelters biases the archaeological record in favor of a specific site type and
geologic/geographic setting.

While open-air sites in the Intermountain West more often than not tend to be surface-
palimpsests (Beck & Jones, 1997), it is not uncommon for sites to be occasionally found in
stratified contexts. While multiple-component, stratified sites are preferred since they can
provide a look at diachronic change at a single locale, the most common of these tend to be
single-component (or mixed component) sites capped by relatively thin layers of eolian
sediments, often within dune formations, or beneath redeposited tephra (e.g., O'Connell, 1975;
Raven & Elston, 1989; Oetting, 1989; Jenkins, 1994; Mehringer & Cannon, 1994; Oetting,

1994a; Oetting, 1994b; Simms, 1999; Kelly, 1999; Wingard, 1999; Bonstead, 2000; Galm &



Gough, 2001; Wriston, 2003; Pinson, 2004; O'Neill, 2004; Helzer, 2004; Madsen, 2005). These
sites tend to have minimal vegetation cover, and are prone to wind erosion, meaning that most
lack continuous deposition over long periods of time and may still represent palimpsests in cases
were components were exposed for long periods before being buried. Multi-component,
stratified sites are occasionally found within stratified eolian deposits as well (Rusco & Davis,
1987; Mehringer & Cannon, 1994; Dugas et al., 1995; Connolly, 1999; Jenkins, Droz &
Connolly, 2004; Moessner, 2004; Jenkins, 2004), but are still potentially prone to the same issues
of site preservation.

Alluvial deposits in arid environments are also problematic for site preservation, as
alluvial activity in such settings is usually marked by abrupt transitions from long-term dry
conditions to high-energy flood events which carve out arroyos and erode cultural deposits
(Waters, 1991) or form rapidly anastomosing braided-stream systems, jumbling archaeological
deposits. Artifacts found within high-energy, laterally accreted bar and streambed deposits
typically occur in secondary contexts, as in the deep layers of the Sunshine locality in Nevada
where camel bones were redeposited with Paleoarchaic artifacts within gravelly channel deposits
(Huckleberry, 2001; Beck & Jones, 2009). Alluvial fans are another potential source for buried
sites in the Great Basin, but these too are prone to mixing through braided flash-flood events and
colluvial activity, in addition to rapid formation potentially burying sites under 10s-100s of
meters of sediment in a relatively short time (Huckleberry, 2001).

Despite these issues, alluvial contexts are still the most ideal for the preservation of
multi-component archaeological sites. In particular, vertically accreted overbank flood deposits
tend to bury archaeological horizons gradually without redepositing artifacts (Waters, 1992:138;

Huckleberry, 2001; Goebel, Waters & Dikova, 2003), as seen at a few multi-component open-air



sites in the Intermountain West (Irwin & Moody, 1978; Rusco, 1987; Davis & Rusco, 1987;
Aikens & Greenspan, 1988; Hicks, 2004; Davis & Schweger, 2004), though even in these cases,
most still have problematic radiocarbon chronologies.

A similar situation exists in the upper Snake River Plain region of southern Idaho, which,
if not part of the hydrographic Great Basin, is ecologically and geomorphologically similar to the
Great Basin directly to the south. Most multi-component, stratified sites are found in rockshelters
or caves (i.e. Gruhn, 1961; Swanson & Sneed, 1971; Miller, 1972; Miller, 1982; Lohse, 1989;
Henrikson, 2003; Gruhn, 2006). While a few multi-component open-air sites also occur,
primarily in alluvial settings (Swanson, Butler & Bonnichsen, 1964; Powers, 1966; Swanson &
Dayley, 1968; Green, 1972; Plew & Woods, 1985; Holmer & Ringe, 1986; Lohse, 1994; Green
et al., 1998; Schneider, 2002; Davis, 2005), nearly all of these occur on the periphery of the
Snake River Plain in the foothills and not in the open desert (though see Holmer & Ringe, 1986).
In addition, very few open or rockshelter sites are reliably dated using current geoarchaeological
or radiocarbon methods. Recent studies at the Pioneer site, however, provide a rare opportunity
in the arid west to study an intact, open-air, multi-component archaeological site in a buried
alluvial context in the open desert, in addition to providing a context to better understand late
Quaternary geomorphology of the region.

The Pioneer site (10BT676) is a Holocene-age open-air site located along the Big Lost
River in the Snake River Plain in southern Idaho on land managed by the Idaho National
Laboratory (INL). Despite its location in a high-elevation, sagebrush-steppe environment, over
two meters of low-energy alluvial deposition during the past 7000 years (cal yr BP) provide an
ideal geochronological context for investigating Holocene site-formation processes and hunter-

gatherer subsistence and mobility. The Pioneer site has also provided a dated context chronicling



a series of geomorphological and paleoecological events in the Pioneer Basin following the
early/middle Holocene transition. Of particular interest is a period of rapid erosion and increased
river discharge around 3800 cal yr BP, greater than any known flood for the area since the
Pleistocene. By identifying and dating paleosol formations within alluvial terraces along the Big
Lost River, we can generate a model for identifying relevant alluvial landforms for preserving

open-air archaeological sites on the Snake River Plain.

Geomorphological and Archaeological Context

The Pioneer Basin, as originally defined by Nace and colleagues (1956; 1975) and Butler
(1968), is a hydrographic basin located on the northern boundary of the eastern Snake River
Plain of southern Idaho. This basin consists of a series of sinks fed primarily by the Big Lost
River, Little Lost River, and Birch Creek, as well as Crooked, Camas, and Medicine Lodge
creeks, all of which flow from alluvial valleys of central Idaho’s Basin and Range province to
the northwest (Figure 1). Early archaeological and geomorphological studies in this area focused
on high-profile archaeological sites along Birch Creek to the north (Swanson, Butler &
Bonnichsen, 1964; Swanson & Sneed, 1971; Swanson, 1972) and at the Wasden site to the east
(Butler, 1968; Butler, 1972; Miller, 1982). More recent geomorphological and hydrologic
research relates to the development of facilities at the Naval Reactor Test Station, now known as
the Idaho National Laboratory, a 2,225 km? nuclear-reactor testing and environmental laboratory,
which encompasses the bulk of the Pioneer Basin (Nace, Deutsch & Voegeli, 1956; Nace ef al.,
1975; Bright & Davis, 1982; Ostenaa ef al., 1999; Ostenaa & O'Connell, 2005).

Initial geomorphological studies by Nace and colleagues (1956) identified a series of

sinks and ephemeral playas (prior to the historic diversion of water for irrigation in the early



1900s) representing remnants of a once extensive, shallow lake known as Lake Terreton (Figure
1). At its furthest extent, this lake covered an area of ~90 km® and included modern-day Mud
Lake, but it never reached a depth greater than 8 meters at its highstand around 1460 masl. While
cores indicate that Lake Terreton fluctuated greatly during the Pleistocene (Gianniny ef al., 1997;
Geslin, Link & Fanning, 1999), it is still unknown when it receded to the current boundaries of
Mud Lake. A freshwater-shell date suggests that Lake Terreton may have existed as recently as
710 + 70 "*C BP (545-761 cal yr BP) (Bright & Davis, 1982), though issues with wind transport
and shell dating bring this into question, and Ostenaa and colleagues (1999) suggest the shell was
probably transported from a nearby active playa.

In addition to Lake Terreton, geomorphological studies have focused on the Big Lost
River floodplain (Nace, Deutsch & Voegeli, 1956; Nace et al., 1975; Rathburn, 1993; Gianniny
et al., 1997; Ostenaa et al., 1999; Knudsen et al., 2002; Ostenaa & O'Connell, 2005), an alluvial
plain accompanying the largest river in the Pioneer basin. Upon reaching the Pioneer basin, the
Big Lost River takes on a meandering form when not constricted by canyons and basaltic lava
flows, with output decreasing significantly downstream due to infiltration into the Snake River
Plain aquifer. Early studies (Nace, Deutsch & Voegeli, 1956; Butler, 1968; 1975) described a
series of gravelly terraces surrounding abandoned braided and anastomosing channels, with Nace
et al. (1975) describing three alluvial terraces, providing relative ages for each based on the
degree of weathering. Nace et al. (1975) assumed the least degraded braided channels were very
recent, while the oldest terraces, marked by the presence of Mima-mound-like formations on the
surface (Tullis, 1995), were oldest, dating to the Pleistocene. However, the large extent and
thickness of these braided deposits indicate that they likely formed as a result of catastrophic

floods, the last of which occurred either 20,000 (Cerling, Poreda & Rathburn, 1994) or 50,000



(Knudsen et al., 2002) cal yr BP. Ostenaa and O’Connell (2005) performed a GIS-based
hydrologic/geomorphological study using high-resolution aerial photography combined with
backhoe trenching to map the Big Lost River’s terrace sequence. In addition to clarifying the
distribution of the previously mentioned Pleistocene gravel bars, the authors identified a series of
~1-3 m high terraces composed of sandy and silty overbank flood deposits, which they
interpreted to have formed as early as the Pleistocene/Holocene transition and then sporadically
throughout the Holocene.

Ostenaa and O’Connell’s (2005) study is by far the most comprehensive for the lower
Big Lost River and has provided a strong basis for much of the terrace identifications used in this
study. However, the geochronology of these events is still problematic. Ostenaa and O’Connell
(2005) reported 16 radiocarbon dates (Table 1) on organic material from bulk sediment samples
removed from four backhoe trench profiles transecting the Big Lost River. While five correlating
dates from three trenches provide a somewhat reliable age estimate for flooding and terrace
formation 400-600 years ago (i.e., the “400-year flood”), most other dates were from disturbed or
unreliable contexts. Three ages acquired on materials from below the 400-year flood horizon in
trench T6 were reversed, ranging from ~12,000 to ~2800 cal yr BP. In trench T4, two dates from
the same sample were nearly 1000 years apart, and in trench T9 two samples from 30-100 cm
below the surface were practically modern. A single age of 7320-7200 cal yr BP from trench T4
potentially correlates to an early flood event stratigraphically below the 400-year flood horizon,
but unfortunately none of the geological trenches were excavated deep enough to clearly expose
this deposit. Five remaining ages range between 2780-930 cal yr BP and suggest a long period of

stability pre-dating the 400-year flood, though these ages provide only an upper-limiting age for



the formation of this surface. As a result, Ostenaa and O’Connell’s (2005) chronology of terrace

formation covers only the last 1000-2000 years, with few specific paleosols defined.

The Pioneer Archaeological Site

The Pioneer archaeological site was initially recorded in the 1980s as a large-scale, high-
density surface artifact scatter indicative of a prehistoric residential site. Cultural remains
occurred in an area stretching more than 1 km along the Big Lost River (Figure 1) and contained
a mix of diagnostic early to late Holocene bifacial points as well as protohistoric and historic
debris, the latter resulting from its proximity to the Oregon Short Line (later Union Pacific)
railroad grade. In addition, Goodale’s Cutoff, an extension of the Oregon Trail, passed through
the southern section of the Pioneer site, where remnants of the early 1900s Pioneer ghost town
(Gilbert et al., 2009) are concentrated. Initial sub-surface testing by an Idaho State University
field school in 2005 revealed a deep stratigraphic sequence with deeply buried archaeological
material that was suspected to have spanned the Holocene.

Favorable geomorphic conditions for site preservation combined with the high density of
archaeological artifacts dating back to Folsom times in the area surrounding Pioneer led INL
archaeologists and me to organize a geoarchaeological project at Pioneer in 2010, aimed at
revealing extensive stratified deposits with multiple paleosols and buried occupation surfaces
with archaeological features. Block excavations followed between 2011-2013, revealing a dense,
stratified, multi-component site with evidence of bison butchering, multiple hearth features,
pottery usage, and an extensive lithic assemblage consisting of over 300 modified stone tools and

over 32,000 flakes, the majority made from obsidian. In addition, variation in the archaeological



composition of the site’s cultural components suggests intact occupational layers spanning the
middle to late Holocene.

Major objectives of the Pioneer field study were: 1) to establish the geochronology of
stratigraphic components at the site, providing ages for preserved archaeological materials; 2) to
understand site-formation processes affecting the contexts of archaeological materials; and 3) to
better understand the chronology of the Big Lost River’s terrace system and its implications for
the region’s archaeological record. By fulfilling these objectives, we have been able to provide a
much-needed open-air geomorphic context for the eastern Snake River Plain’s archaeological

record over the past 7000+ years.

METHODS

Sediments at Pioneer were initially mapped and characterized using standard field-based
stratigraphic description and texturing (Hassan, 1978) of all exposed stratigraphic profiles during
the 2011-2013 excavation. The sediments were excavated in 5-cm levels within stratigraphic
units. Sediment samples were collected from the east wall of the 2011 trench every 5 cm from
the surface down to the base riverbed gravels (Figure 2). Using portions of these samples,
standard hydrometer-based particle-size analysis was performed to complement field
descriptions (Bouyoucos, 1962). Due to the low organic content of aridisols, soil horizons were
identified and characterized according to soil structure and CaCO; content (based on degree of
HCI effervescence). The cultural sequence was divided into components based on associations
with identified paleosols and stratigraphic positions of preserved hearth features and bone/lithic

scatters.
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Ages for strata were established through AMS dating of hearth-associated charcoal and
burned bone (samples of large in-situ faunal remains associated with occupation surfaces), as
well as traces of uncharred organic matter from culturally sterile middle Holocene strata.
Radiocarbon samples were processed by the Arizona Mass Spectrometry Laboratory using
standard basic pretreatment procedures consisting of soaking in alternating hydrochloric acid,
distilled water, and diluted sodium hydroxide (Donahue, Jull & Toolin, 1990). Bone was then
treated using a modified version of Longin’s technique (1971) in which acid was used to remove
the apatite fraction, after which the remaining bone collagen was hydrolyzed. Calibrated ages
were calculated using Calib software (Stuiver & Reimer, 1993) and the IntCall3 calibration

curve (Reimer et al., 2013).

RESULTS
Site Geomorphology

The Pioneer site is adjacent to the Big Lost River, which forms a meandering channel at
this portion of its course (Figure 1). The river is currently dry most of the year due to modern
irrigation practices upstream. The river forms a narrow, meandering valley about 300 meters
wide at this bend in the river, though this width varies, and the width of the active floodplain is
only about 50 m wide. The valley is constrained by basaltic lava-flow formations to the north
and south that are approximately 7 m above the channel bottom.

The 2011-2013 Pioneer excavation was situated on a flat alluvial terrace identified as the
H1-2 Holocene terrace by Ostenaa and O’Connell (2005) (Figure 3). The surface of this terrace
is approximately 2.5 m above the base of the current river channel, though it should be noted that

the depth of the channel has recently been altered somewhat by channel-stabilization via backhoe
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excavation of the current river bed. The excavation block intersects the cutbank, then extends
from the channel to the south (magnetic) at a 45° angle (Figure 3).

Adjacent to the H1-2 terrace, on the other side of the Big Lost River, is another higher
terrace, approximately 3.5-4 meters above the current river channel, that is composed of
unconsolidated sands, gravels, and cobbles and which was identified by Ostenaa and O’Connell
(2005) as the P2 terrace (Figure 4). Lower, minimally formed terraces about 1-1.5 m above the
current channel exist approximately 50 meters east of the Pioneer excavation and is identified as

terrace H3-4 by Ostenaa and O’Connell (2005) (Figure 4).

Soils and Stratigraphy

The Pioneer archaeological site’s stratigraphic profile can be generally characterized as a
set of fine-grained deposits (fine loamy sand and even finer sediments with two horizons
containing coarse sand and/or cobbles (Figures 2 and 5). With the exception of a few vertical
sagebrush tap-roots, one of which extended to the base of the 2011 excavation, root activity was
not an obvious source of bioturbation under ~40 cm below the surface. Occasional rodent
burrows were identified based on pockets of loose or discolored sediment. Stratigraphic layers
were discerned, and five different episodes of soil formation were documented based on
carbonate accumulation, sub-angular to angular-blocky ped development, and surface stability as
indicated by distinct cultural features with charcoal, FCR, lithics, and bone scatters. Stratigraphic
units and associated paleosols are described below. Specific sediment characterizations are
provided in Table 2.

From the base of the profile, stratum 1 is a layer of loose, structureless, coarse sand and

poorly sorted gravels and pebbles. Probes into this layer showed it to be ~30 cm thick and
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underlain by basalt bedrock. The irregular and undulating shape of this bedrock as seen in
various parts of the riverbed suggest the depth of bedrock may be highly variable.

This is followed by stratum 2, a layer of loam that represents the earliest known period of
fine-grained alluvial deposition at Pioneer. This layer shows signs of laminar organic staining,
and, where exposed, its upper boundary appears to be almost completely horizontal. Because
excavations to this depth were limited, however, it is unclear how this boundary appears further
from the cut bank. There is no substantive soil structure or effervescence for this stratum.

Stratum 3, originally thought to be a single layer of sandy loam, was sub-divided into six
sub-strata of alternating layers of sandy loam, fine sand, loam, and sandy clay loam. These are
horizontally bedded with a slight slope toward the cut bank (<10°) and have alternating strong
and moderate soil structure, indicating multiple episodes of deposition and soil formation.
Extensive CaCOj; concretions and an angular-blocky structure in lower stratum 3A indicates this
layer potentially represents a soil-formation episode, though the limited exposure of this stratum
and the unclear association with overlying 3C-3F sub-strata due to limited excavation depth
make this tentative (Figure 5). Stratum 3B consists of a very thin, 30-cm-long lens of loam with
a slightly higher clay content than the surrounding stratum 3A stratum and is associated with the
neighboring stratum 4 channel feature to the north (Figure 2). Strata 2 and 3 are included in
Paleosol 1, which likely represents a series of at least two periods of stability and soil
formation/calcium carbonate concretion with stable surfaces at the top of stratum 3D and at or
above the top of stratum 3F. However, the full extent of stratum 3’s sub-strata and soil-formation
episodes are missing due to an unconformity between stratum 3 and the overlying stratum 4 and
its sub-strata. Strata 1 and 2 are structureless, representing C horizons for this soil-formation

episode.
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Stratum 4 is generally characterized as a 20-40-cm-thick layer of large, rounded river
cobbles (Figure 6). The northern-most meter of the east profile (Figure 2) shows a trench or
channel containing multiple alternating cobble and sandy loam deposits (sub-strata 4A-4F),
though stratum 4D extends across the entire block. It lacks smaller pebbles, gravels, or coarse
sand, and instead consists almost entirely of a matrix of carbonate-concreted sandy loam and
large rounded pebbles and cobbles (generally between 5-10 cm in diameter) with no evidence of
a fining-upward sequence. The base of stratum 4 has a slope of about 30° at the cut bank,
gradually leveling, indicating an unconformity between stratum 4 and the underlying strata.

Stratum 4 is partially overlain by stratum 5, a thin, somewhat concreted deposit of sandy
loam with a similar consistency as the stratum 4 matrix. This stratum is generally thinner to the
south of the channel, though it is intermittent in places and its thickness varies. Stratum 5 also
has a strong soil structure and effervescence. Paleosol 2 formed during a period of stability at the
surface of stratum 5, forming a Bk horizon and significantly concreting both stratum 5 and the
underlying stratum 4 matrix. Stratum 6 was identified elsewhere at the site but was not exposed
at this location.

Stratum 7 is a sandy loam bordering on a loamy sand with weak soil structure and
moderate effervescence. While in places it is nearly 50 cm thick, it thins further from the cut
bank, disappearing completely after ~3 m. The upper boundary is somewhat wavy and gently
slopes (~10°) toward the cut bank to the north.

Stratum 8 is a sandy loam with strong soil structure and effervescence in addition to an
increased quantity of carbonate root or cicada-burrow casts. Like stratum 7, stratum 8 slopes
toward the river channel, though at less of an angle (~5°) and with a straighter upper boundary

marked by a significant concentration of cultural material. While it becomes thinner at the
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southern end of the block, it does not disappear completely. Paleosol 3 formed from the surface
of stratum 8 and formed a Bk horizon that included both strata 7 and 8, though soil formation is
weaker in stratum 7.

Stratum 9 is a sandy loam that was deposited on top of the stable stratum 8 surface. It has
moderate soil structure and effervescence and has a smooth, slightly sloping (~5°) upper
boundary. It is consistently ~20 cm thick and extends across the excavation block at Pioneer.

Stratum 10 is a sandy loam overlying stratum 9. It is very similar in consistency and color
to stratum 9, with the primary difference being the weaker structure and decreased calcium
carbonate concretion of stratum 10. The surface of stratum 10 slopes very gradually (~2°) toward
the cut bank where it is 20-30 cm thick. This layer, however, becomes thinner up-slope,
disappearing ~5 m to the south. Strata 9 and 10 are part of Paleosol 4 and likely deposited as part
of the same depositional episode, but are separated based on differences in soil structure. The
weaker structure of stratum 10 indicates it to be a weak B or even buried A horizon overlying the
more concreted (though still only moderately developed) stratum 9 Bk horizon. Strata 11, 12,
and 14 were identified elsewhere at the site, but were not exposed at this location.

Stratum 13 is a thin (5-10 cm) silty loam layer overlying strata 9 and 10. It is nearly
horizontal (<2° slope) and has a strong soil structure and calcium carbonate concretion. It is
overlain by stratum 15, a weakly developed loam that is generally horizontal and 15-20 c¢m thick.
Above this is stratum 16, which is a very thin (5-10 cm) layer of loose sandy loam with no soil
development. This layer is topped with stratum 17, which is a thin (5-10 cm) layer consisting
primarily of sagebrush and grass roots and debris. Strata 13-17 comprise the modern soil horizon
with an O horizon (stratum 17), a thin A horizon (stratum 16), a second A or weak B horizon

(stratum 15), and a more developed but thin Bk horizon (stratum 13).
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Radiocarbon Dating

AMS samples were collected from the 2011 excavation, and thus correlate with the
stratigraphic profile in Figure 2. Radiocarbon ages are mostly in stratigraphic order, ranging
from ~7300 to ~670 cal yr BP (Table 3). Stratum 2 has an associated date of 6,451 + 45 “C BP
(7278-7431 cal yr BP) (AA97612) run on non-cultural, uncharred organic matter. For the
overlying stratum, a total of eight samples were dated, including six on bone and two on
charcoal. Of these, four dates from within stratum 4D (AA97614, AA97622, AA97623, and
AA97624) and one date from the contact between strata 4D and 3A (AA97613) overlap at 20,
providing a pooled mean of 3539 + 19 "“C BP (3725-3889 cal yr BP). Another date on bone from
stratum 4D provides an age of 3,778 + 53 '*C BP (3981-4396 cal yr BP) (AA97615), while an
age on charcoal from the contact between strata 4D and 5 provides an age of 3,060 + 120 '*C BP
(2928-3557 cal yr BP) (AA97616). The final date from stratum 4D is anomalously young, dating
to 315 + 85 '*C BP (0-521 cal yr BP) (AA97618). Strata 7-17 are not as well dated, though two
dates, including one charcoal date and one bone date, suggest the base of stratum 7 formed 836 +
25 '4C BP (694-787 cal yr BP) (AA97620), and stratum 10 formed 716 + 25 "““CBP (572-691 cal

yr BP) (AA97617).

Cultural Stratigraphy

Excavations at Pioneer recovered dense concentrations of lithic artifacts and animal
bones, numerous hearth features, diagnostic bifacial projectile points, ceramic sherds, and
surficial historic debris. Lithic artifacts are overwhelmingly made from obsidian, most likely due

to its nearby availability from Big Southern Butte to the south, though some artifacts (<10%) are
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made from cryptocrystalline silicates (ccs) or fine-grained volcanics, both of which are present in
the river bed. The following briefly describes the cultural materials from the site by stratigraphic
layer.

Strata 2 and 3 contain minimal cultural materials including scattered obsidian debitage
and a single modified flake. Though a slight increase in flake density occurs near the stratum 2/3
contact, artifacts are still so few as to indicate that they may be displaced via krotovina and other
disturbances. This does not preclude, however, that middle Holocene cultural materials may be
present elsewhere at the site, as very little of these lower strata was tested.

Stratum 4C contains the deepest clear cultural component at Pioneer. It consists of
numerous obsidian and chert bifaces, modified flakes, and debitage as well as faunal remains and
scattered fire-cracked rock (FCR) situated at the contact between strata 4C and 5 and presumably
dates to ~3700 cal yr BP. Two of these bifaces resemble “Beaverhead” variety dart-point
preforms described by Swanson (1972) and are likely un-notched Elko or Northern Side-Notched
points (Figure 7: a-b). Artifact and bone quantities drop to practically zero at depths greater than
~5 cm below the top of stratum 4C, though occasional bone fragments occurred within and at the
base of stratum 4C.

The top of stratum 5, dating to between ~3700-750 cal yr BP, yielded a single
concentration of FCR associated with expedient tools and multi-directional cores, as well as a
bifacial knife/preform, suggesting a possible hearth feature and processing area.

Stratum 7 contains a denser concentration of artifacts than do deeper strata, with a
cultural component consisting of over 5000 pieces of debitage associated with charcoal

indicating an age of ~750 cal yr BP. This stratum contains a single Desert Side-Notched point
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(Figure 7d) and a re-worked stemmed-point base that resembles an unfinished Haskett point
(Figure 7c).

Stratum 8 has the largest and densest concentrations of cultural material in the site,
situated primarily near the contact of strata 8 and 9 and contained over 12,000 pieces of debitage.
Its age is ~750-630 cal yr BP. Our excavations yielded six concentrations of FCR, including one
rock-oven feature, as well as six dense concentrations of lithic material and bone, and a single
Elko style dart point (Figure 7¢). Other artifacts include multiple bifaces, cores, modified flakes,
one ground-stone fragment, and three ceramic sherds resembling Shoshoni brown-ware.

Strata 9-10, unlike the lower horizons, have no single obvious occupation surface,
making it difficult to differentiate between the two during excavation. There are no distinct
hearth features, though a diffuse spread of FCR and charcoal around the center of the block is
present, dated to ~630 cal yr BP. Cultural materials include faunal remains, bifacial tools,
western-Shoshoni-style ceramic sherds, and debitage. In addition, two Desert Side-Notched
points (including one Sierra/Tri-Notched variety), one Avonlea point, three Rosegate points, and
four Cottonwood triangular points were found (Figure 7f-0).

Strata 13-17 consist of a low-density concentration of scattered prehistoric/protohistoric
and historic debris at or within 30 cm of the surface and post-dates ~630 cal yr BP. Historic
artifacts such as bullet shells, glass, and metal cans were found in association with lithic
debitage, bifaces, Shoshoni brown-ware ceramic sherds, and surface hearth features both in the
excavation block as well as across the surrounding terrace surface. Point styles associated with
these strata include one Desert Side-Notched point, three Rosegate points, five Cottonwood

triangular points, and a single small Elko point or large Rosegate point (Figure 7p-t).
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DISCUSSION

The following discussion is organized into three sections. The first provides a chronology
of geomorphological deposition, erosion, and soil-formation episodes at Pioneer in the context of
human occupation of the site. Data from Pioneer, combined with existing data provided by
Ostenaa and O’Connell (2005), are then used to interpret the sequence of Holocene terrace
formation along the Big Lost River valley between the constricted box canyon upstream to the
northwest and the playas downstream to the north. Third, possible explanations for the formation
of the rounded cobble deposit of stratum 4 and its potential association with a middle-Holocene

flood event are discussed.

Site Formation Processes and Cultural Chronology at Pioneer

With the possible exception of strata 15-16 which may be eolian in origin, the sediments
from the 2011-2013 excavation at Pioneer consist of alluvial deposits from the adjacent Big Lost
River. The earliest period of fine-grained alluvial deposition and soil formation (Stratum 2)
began in the early-middle Holocene prior to ~7300 cal yr BP, and occurred on top of an older, as
yet undated lateral channel deposit of coarse sands and gravels. Lower stratum 2 shows signs of
horizontal, laminar organic staining, suggesting the area may have had extended periods with
shallow standing water. The lack of carbonate concretion in this stratum suggests a period of
deposition too rapid or too wet to allow aridisol formation.

Extensive CaCOj; formation took place in Stratum 3A, indicating a period of stability
beginning no earlier than ~6600 cal yr BP, though the cut-and-fill event that formed on top of
stratum 4 truncated the upper portions of this horizon. Following this period of stability and

lasting until no later than ~3800 cal yr BP, layers 3C-3F were deposited by overbank flooding.

19



Additional layers above these also may have existed, but these were truncated by the
unconformity between strata 3A-3F and 4D. Strata 3C-3F have varying degrees of sandiness and
alternate between strong and weak aridisol formation, indicating sporadic periods of variable
stream flow followed by periods of stability (Paleosol 1). The minimal number and small size of
flakes found in strata 2-3 suggest minimal downward displacement via bioturbation, and that the
layers are likely culturally sterile. However, this does not preclude the possibility that middle
Holocene cultural materials may be present in this horizon elsewhere in the site, as the sediments
indicate a low-energy depositional environment (with the possible exception of stratum 3E) and
early-middle Holocene diagnostic points (i.e. Haskett, Humboldt and Northern Side-Notched
points) have been found on the surface in the vicinity of the site by the 2005 ISU field school.
Following the deposition of strata 3A-3F, much of these layers was eroded away and
capped with the large rounded cobbles of stratum 4 (Figure 6). While the presence of large
cobbles may suggest a riverbed or lateral-bar deposit, only the northern-most portion of the
profile appears to resemble the edge of a channel, with alternating cobble and sandy-loam
deposits. The rest of the profile shows that stratum 4 lacks smaller pebbles, gravels, and coarse
sand, instead having a matrix of sandy loam that likely filtered down after the cobbles were
deposited. This, coupled with an underlying, intact, horizontally bedded loam horizon that was
not fully washed away, suggests a very rapid and short-term increase in river flow intense
enough to redistribute large cobbles ranging in size from 5-10 cm in diameter, suggesting a
possible flood event on a local or regional scale. Furthermore, though some of the dates from
stratum 4D are likely on non-cultural animal bone redeposited during this flood, multiple AMS
dates from stratum 4D show a very narrow range of time, with five overlapping radiocarbon

dates from both the surface and base of stratum 4D providing a pooled mean of 3539 + 19 '*C
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BP (3725-3889 cal yr BP), suggesting this layer was deposited over the course of ~150 years or
less, with the possibility of a single rapid episode as the cause.

This ~3800 cal yr BP event eroded away portions of the underlying strata 3A-3F,
depositing large cobbles in its wake, but without fining-upward alluvial deposits as would be
present in a regular riverbed resulting from prolonged deposition. The “channel” shown in the
northernmost profile (Figure 2) possibly represents subsequent, or prior, smaller floods that
occurred shortly before or after the primary flood. This may represent the “Older Flood” event
mentioned in a few sources (Butler, 1978; Ostenaa & O'Connell, 2005), though never explained
in much detail. The date for this occurrence is not well established, but a general age of 3000-
4000 “C BP by Butler (1978), and 1000-2000 "*C BP by Ostenaa and O’Connell (2005) may
roughly coincide with the Stratum 4 event.

Humans occupied the surface of stratum 4 very shortly following this event, depositing a
number of bifacial tools, FCR, and faunal remains directly on the surface of the cobbles. It is
likely that these materials are in-situ and not redeposited by the flood, as they are almost
exclusively isolated to within 5 cm of the boundary between stratum 4D and stratum 5. They do
not penetrate very deeply into the cobbles of stratum 4D, and they occur in three discrete
horizontal concentrations of flake and bone. In addition to multiple bone samples collected from
stratum 4D dated to ~3800 cal yr BP, a single sample of charcoal collected from this surface
dates to ~3200 cal yr BP, suggesting the primary occupation occurred around 3800 cal yr BP and
a potential later occupation occurred on the same surface at ~3200 cal yr BP. The single
Beaverhead A Elko/Bitterroot bifacial preform found in this horizon fits with this time range,
though the age range for this artifact form is very broad, ranging anywhere from ~8350-1100 cal

yr BP (Swanson, 1972; Holmer, 2009)
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There was a subsequent period of fine-grained deposition (stratum 5) following this
occupation which placed a thin layer of sandy loam above and between the cobbles in stratum 4
before stabilizing for an extended period and forming Paleosol 2. Based on current dates, it is
unknown when and for how long this period of stability occurred, though charcoal from a feature
resting at the top of stratum 5 dates to ~750 cal yr BP, providing an upper limiting date. During
this period, humans appear to have occasionally used the site given the isolated scatter of FCR
and artifacts. The extremely limited deposition or possible erosion during this period, however,
means the time period between ~3200 and ~750 cal yr BP is not well represented in the
stratigraphic profile.

Strata 7 and 8 likely formed as part of the same period of increased alluvial deposition, as
shown by a similar consistency and slight fining-upward nature in the two combined strata, with
the only difference being the degree of soil formation within the Paleosols. Paleosols 3 and 4
began forming in rapid succession at or perhaps just prior to ~750 cal yr BP, with perhaps only
100 years of stability between them, based on dates of ~750 cal yr BP from the surface of
stratum 5/base of stratum 7 and ~630 cal yr BP from within stratum 10. During the period of
stability following the deposition of stratum 8, this surface was intensively occupied, though the
presence of numerous artifacts and features throughout strata 7-13 suggests the site was
frequently revisited between periods of increased flooding 800-600 cal yr BP. Flooding
deposited a thick layer of sandy loam ranging from 0.5-1.0 m in thickness over a relatively short
period of time, and this correlates both stratigraphically and chronologically with the “400-year
flood” deposits described by Ostenaa and O’Connell (2005). Increased stream flow likely

resulted from higher precipitation, likely creating a favorable environment for hunter-gatherers.
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The presence of Avonlea, Cottonwood, Rosegate, and Desert Side-Notched points in
strata 6/7 and 10 corroborates the AMS dates from these horizons. The age range of 750-630 cal
yr BP corresponds with the terminal age of Avonlea-style arrow points and the earliest known
age of Desert Side-Notched and Cottonwood points in the area (~650 cal yr BP) (Holmer, 2009).
This, combined with an age range of 1650-100 cal yr BP for Rosegate points in the area
(Holmer, 2009), correlates with AMS age estimates for these horizons, and suggests that users of
these different point forms frequented the Pioneer site for over 100 years. The single Elko point
found in stratum 8 post-dates the standard terminal age of Elko (~1150 cal yr BP) (Holmer,
2009) by roughly 400 years. Likewise, the possible un-ground Haskett fragment post-dates the
latest known Haskett and Birch Creek points in the area (~8350 cal yr BP) (Holmer, 2009) by
nearly 8000 years. However, the common presence of these forms on the surface in the
immediate vicinity suggests that these points may have been collected and recycled by later
occupants.

Following a short period of stability after the formation of Paleosol 4, the modern soil
horizon began forming in sediments deposited sometime after ~600 cal yr BP. Though
radiocarbon ages were not acquired for these deposits, the mixed historic and prehistoric
materials suggest humans continued to occupy the site through the late prehistoric and
protohistoric periods. The sediments in this uppermost horizon, though, appear somewhat mixed
and loose, resembling a “plow zone,” though it was more likely the result of trampling by people
or cattle, or the re-deposition of loose sediment as a result of nearby historic excavation
activities. Rosegate, Cottonwood, and Desert Side-Notched points are present in this horizon and
confirm a late-Archaic age, though again these may be mixed or re-deposited from slightly lower

horizons elsewhere at the site.
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Holocene Big Lost River Terrace Formation

The Big Lost River terraces were classically defined as a series of gravelly bar and
meander channels formed as a result of middle/late Pleistocene flooding and glacial melt (Nace,
Deutsch & Voegeli, 1956; Nace et al., 1975; Cerling, Poreda & Rathburn, 1994; Gianniny ef al.,
1997; Geslin, Link & Fanning, 1999; Knudsen et al., 2002). As defined by Ostenaa and
O’Connell (2005), Pleistocene deposits near Pioneer can be split into three separate terraces. The
P-1 and P-2 terraces (4.0-4.5 m above channel) formed through high-energy floods and glacial
melt and resemble braided-stream deposits of poorly sorted gravels and cobbles topped by eolian
mima-mound formations that likely developed sometime in the late Pleistocene. The P-3 terrace
formed in the late Pleistocene and is associated with the Big Lost River’s shift to a channelized
meandering stream, though without any known traces of fine-grained overbank flood deposits.

It was not until recently that Holocene-age terraces were characterized along portions of
the Big Lost River by Ostenaa and O’Connell (Ostenaa et al., 1999; Ostenaa & O'Connell,
2005). Though they are sporadic and only present on a relatively short stretch of the river
between Lake Terreton’s bed to the north and the box canyon and lava flows to the northwest,
these deposits tend to be fine-grained overbank flood deposits. These terraces are sporadic and
range in width from a few meters to as much as 100 m wide in some places (Figure 4).

Based on the work presented here, the earliest Holocene-aged terrace, H1 (2.5-3.0 m
above channel), began accumulating just prior to ~7300 cal yr BP. Alternating layers of slightly
coarser or slightly finer sediments with bands of organic staining indicate variable discharge,
with periods of very low energy flow and marshy conditions in the immediate area early on.

Deposition continued until sometime between 6600 and 3800 cal yr BP, at which time a high-
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energy alluvial episode occurred. This potentially corresponds to the “older flood” described by
Ostenaa and O’Connell (2005), which partially eroded terrace H1 and deposited a layer of large
rounded cobbles (stratum 4) likely re-deposited from eroded P1-3 gravel deposits upstream.

Following the accumulation of a thin layer of stratum 5 deposits over stratum 4, there was
a period of stability lasting until ~800 cal yr BP, after which rapid alluvial deposition occurred,
forming terrace H2 (1.8-2.2 m above channel) by depositing alluvium over the remnants of
terrace H1, potentially correlating with the “400-year flood” described by Ostenaa and
O’Connell (2005) and the refilling of the playas to the north (Bright & Davis, 1982; Ostenaa et
al., 1999). This deposition occurred over a period of at least 100 years, corresponding with a
period of frequent habitation by prehistoric groups, and was probably the result of a period of
increased precipitation, potentially correlating with the end of the Medieval Climatic Anomaly
(1150-700 cal yr BP) (Stine, 1994; Kleppe et al., 2011). This period may have correlated with
the formation of the lower H3-4 terraces (1-1.8 m above channel) described by Ostenaa and

O’Connell (2005), though these terraces were not present at tested portions of Pioneer.

The Pioneer Flood Event

Ostenaa and O’Connell (2005) date a middle-Holocene Big Lost River flood event,
referred to as the “Older Flood,” to approximately 2000-1000 cal yr BP, though they recognize
the weakness of their radiocarbon chronology in accurately dating this event, indicating that it
may have occurred as much as 2000 years earlier, as suggested by Butler (1978). Ostenaa and
O’Connell (2005) describe this flood as having been high enough to top the H1-2 terraces, based
on the unconformity between these layers and the “400-year flood” deposition (Paleosols 2 and

3). Based on ages from Pioneer, it would appear that this flood is represented by stratum 4 and
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therefore occurred between 3889-3725 cal yr BP. While it was very intense, it occurred over a
very short period of time and covered a limited geographic area. Given the clear dating of this
flood at the Pioneer site, I propose the name “Pioneer Flood” event to distinguish it from others.

The most likely source for this flood is a sudden increase in stream flow that was
amplified by the constricted, 11 km long Box Canyon portion of the Big Lost River (Figure 1) to
create a narrow but very high-energy flow of water downstream to the Pioneer area. The
terminus of this canyon is only 4 km upstream of Pioneer, and the resulting localized flood could
have eroded the H1 terrace and redeposited large round cobbles in its wake over a very short
period of time. Due to the constricted nature of the canyon, higher rates of water velocity and
transport are possible despite a relatively small increase in water. The late Pleistocene “Big Lost
River Flood” that flowed through the same box canyon, as described by Rathburn (1993), despite
its relatively small size, had the third-highest documented flood power on record after the
Missoula and Bonneville floods.

Due to the scarcity of a solid regional geomorphic record along this stretch of the Big
Lost River, it is not clear what may have caused this event. There are no correlated features
recorded upstream in the Mackay area, though studies of late Holocene deposits are scarce for
this region. The only potential correlate is the Carlson landslide, a moist landslide that originated
in the Lost River Range ~80 km to the north that occurred ~3700 cal yr BP and contained a large
amount of water (Shaller, 1991). While the ultimate cause was a gradual weakening of the
substrate, the trigger for this event could potentially have been caused by intense precipitation.
One possibility is that its timing corresponds to the onset of increased precipitation of the late

Holocene, estimated to have occurred between ~3500-2800 cal yr BP based on ages from Gray’s
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Lake (Beiswenger, 1991) and Rattlesnake Cave (Bright & Davis, 1982). However, this would
not necessarily explain such an abrupt event.

Another possible explanation is that the erosion of the H1 terrace and deposition of the
Stratum 4 cobble layer is tied to volcanic activity at Craters of the Moon, located ~25 km
southwest of Pioneer. Craters of the Moon consists of basaltic Pahoehoe lava flows that formed
from multiple shield volcanos and fissure eruptions during the Pleistocene and Holocene. The
Minidoka eruption, in particular, was the largest of the Eruptive Period B eruptions of the
middle-late Holocene and formed a ~250 km? lava field. This lava field originated from the
“Great Rift” fissure system of cinder cones and vents >40 km long and up to 10 km wide (Kuntz
et al., 1986; Kuntz, Covington & Schorr, 1992; Henrikson, 2008). This eruption would have
consisted of several days of violent expulsion of gas-charged molten lava and tephra followed by
a subsequent massive lava flow dated to 4085-3701 cal yr BP (W-4447) (Kuntz et al., 1986),
overlapping at 26 the pooled mean age of the five dates acquired from the stratum 4 cobble layer
at Pioneer (3889-3725 cal yr BP). A similar eruption at nearby Devil’s Cauldron was similarly
dated to 4149-3839 cal yr BP (W-4339), also potentially overlapping the pooled mean age from
Pioneer stratum 4.

This period of increased volcanism generated intense ashfall, heat, and even brushfires
from the associated initial blasts and cinder cone formations; potentially enough to create local
super-storms in the nearby Lost River Range and Pioneer Mountains and a sudden increase in
precipitation that could have affected Pioneer and potentially even the Carlson landslide. A
similar effect has been documented by Bell and House (2007) as occurring at over 20 sites in
western Nevada where large, cobble-filled flash-flood deposits were found to consistently

overlay intact fine-grained alluvial deposits and tephra from eruptions at Mono and Inyo crater
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beds during the late Holocene. An increase in river flow could also have originated from rapid
snowmelt due to tephra-fall-induced decreased albedo of nearby snowpack and glaciers in the
mountains downwind directly to the north and northeast (e.g. Nield ez al., 2013). While the
degree of tephra ejection was substantially less than the classic Plinian eruptions of the Mono
and Inyo craters, the initial eruption could have been enough to trigger flash flooding on a local
scale. The now mostly destroyed Minidoka vent complex lies ~35 km southwest of the Big Lost
River, and the Devil’s Cauldron cinder cone and subsequent flow is ~25 km to the southwest
(Figure 1), and lie less than 50 km south of the mountains to the north. However, intensive
studies of Holocene-aged alluvial deposits along this portion of the Big Lost River are needed to

further corroborate this proposed flood event.

CONCLUSIONS

Like many rivers in the Intermountain West, the Big Lost River during the Holocene was
previously characterized as a very low energy, seasonally flowing stream running through
remnant Pleistocene-aged channels toward the Big Lost River Sinks on the current day Idaho
National Laboratory, assuming little to no significant deposition during the Holocene. However,
recent work by Ostenaa and O’Connell (2005) as well as this study show a much more complex
and dynamic history. Besides evidence for multiple episodes of terrace formation and erosion
during the Pleistocene and through much of the Holocene, there is evidence for flash floods
during the middle-late Holocene triggered by either climate change or volcanic eruptions.
Otherwise, the thick deposits of fine-grained overbank flood alluvium provide a valuable
opportunity for future studies to find and excavate preserved, stratified sub-surface human

occupations dating to the Holocene and possibly even terminal Pleistocene in an arid
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environment otherwise dominated by surface palimpsest sites. The Pioneer excavation confirms
this assessment, providing evidence of multiple cultural occupations spanning more than 3700
years, making it one of a handful of open-air, stratified multi-component sites to be excavated in
the Intermountain desert West.

In addition to providing a cultural record, the sedimentary record at Pioneer provides
insight into the paleoclimatic history of southeastern Idaho and the greater Intermountain West
from the early-middle Holocene transition ~7200 cal yr BP to the historic period. Based on dated
cycles of deposition and stability at Pioneer as a proxy, the middle Holocene in this region
appears to have fluctuated between wet and dry periods, with at least three cycles between 7200-
3800 cal yr BP, potentially corroborating the concept of a fluctuating climate during the middle
Holocene on the Snake River Plain, as suggested by Wigand (1997) and Beiswenger (1991).
Conversely, there is a lack of deposition during much of the late Holocene when climatic
conditions are generally thought have to become wetter (Bright, 1966; Bright & Davis, 1982;
Beiswenger, 1991). More recent paleosols at Pioneer indicate a period of cooler and wetter
climate in the region between 750-630 cal yr BP, potentially correlating with the early onset of
the Little Ice Age.

Though they provide a coarse proxy record of paleoclimate, much of the existing lake-
core pollen records (Bright, 1966; Bright & Davis, 1982; Davis, Sheppard & Robertson, 1986;
Beiswenger, 1991) for the region are becoming increasingly outmoded, necessitating the need for
new high-resolution proxy records. Moreover, future geoarchaeological testing is required along
the Big Lost River, to fully assess the archaeological and paleoclimatic potential of these
Holocene-aged terraces as well as to further clarify the potential link between the “older flood”

event and volcanic activity during the mid-late Holocene. Such methods of geomorphological
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alluvial terrace testing need to be more extensively applied in arid environments across the
Intermountain West to identify intact, open-air subsurface sites and better understand Holocene

climate fluctuation.
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TABLES (see attached)

FIGURES

Figure 1. Location of the Pioneer site on the Big Lost River and surrounding area.
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Figure 2. East Wall Profile of N99-N101, E42 (2011 Excavation) showing approximate locations

of AMS dates in calibrated years BP.
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Figure 6. View of Strat 4D cobble layer in south wall of unit 99N E42.
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Figure 7. Diagnostic artifacts from Pioneer. a-b) Beaverhead preforms, stratum 4; ¢) Stemmed
point preform, stratum 5; d) Desert Side-notched point, Sierra variety, stratum 6; ¢) Elko point,
stratum 8; f) Avonlea point, strata 9-10; g-j) Cottonwood triangular points, strata 9-10; k) Desert
Side-notched points, stratum 9-10; 1) Desert Side-notched, Sierra variety, strata 9-10; m-o)
Rosegate points, strata 9-10; p-r) Cottonwood triangular points, strata 13-17; s) Desert Side-
notched point, stratum 13-17; t) Elko point, stratum 13-17.
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Table 1. Radiocarbon dates from Ostenaa 2005 testing project (Ostenaa 2005:

Table 2-2).

Trench Sample Sample Material 14C Age BP Calibrated
No. No. Depth (cm)  Dated Lab No. (x10) Age BP ( 20)
T4-20- Beta- 630-600; 560-
T4 1AR 20-25 Artemisia charcoal 174101 520+40 510
T4-20- Beta-
2AR 38-51 Artemisia charcoal 174102 1070+ 40 1060-930
T4-19- Beta-
1AR 50-60 Artemisia charcoal 174099 1130 +40 1160-950
T4-19- Beta-
1Cco 50-60 Conifer charcoal 174100 1980 + 40 2000-1860
T4-19- Chrysothamnus Beta-
3CH 140-155 charcoal 172812 6330+ 40 7320-7200
Beta-
T5 T5-0-1AR  22-32 Artemisia charcoal 174103 780+ 40 760-660
Beta-
T5-0-2CO  110-132 Conifer charcoal 174104 1880 + 40 1900-1720
Beta-
T6 T6-4-1SA 12-25 Salicaceae charcoal 174106 630+ 40 660-540
Beta-
T6-4-1AR  12-25 Artemisia charcoal 174105 830+40 790-680
Beta-
T6-6-1YS 95-105 snail shell 183387 10390 + 50 12800-11940
T6-4- Beta-
2MIX 103-121 charcoal fragments 172813 3210+ 40 3480-3360
T6-20- Beta-
2MIX 110-140 charcoal fragments 183388 2710+ 40 2870-2760
T6-68- Beta-
1AR 30-40 Artemisia charcoal 174107 620 £ 40 660-540
290-250; 230-
T9-32- Beta- 130;
T9 1PO 35-45 Populus charcoal 183391 170 £ 40 110-70; 30-0
T9-32- Chrysothamnus Beta-
2CM 105-115 charcoal 183392 130+ 40 290-0
Beta-
T9-2-2AR  105-115 Artemisia charcoal 183389 2610 + 40 2730-2780




