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ABSTRACT — A Bison (probable Bison antiquus) distal humerus fragment was found within a Pleistocene colluvial deposit
on a hillslope above Cafada del Buey near White Rock, New Mexico. The Bison fossil was preserved within a buried soil
with an inferred age of ca. 50-100 ka, based on soil properties and on stratigraphic position below a deposit of ca. 50-60 ka El
Cajete pumice. This represents the second oldest dated Bison in New Mexico, and one of the few occurrences of this genus
in the northern mountains of the state. It is also only the second record of a Pleistocene vertebrate from Los Alamos County,
and is a rare occurrence of a pre-25 ka Bison fossil in good stratigraphic context. Hillslopes in the study area are underlain by
a sequence of truncated Pleistocene and Holocene soils that are inferred to represent colluvial deposition and soil formation
followed by erosion in the mid-Pleistocene, the late Pleistocene, and the mid- to late Holocene. The surface soil is developed in
deposits that overlie 600-800 yr-old Ancestral Puebloan sites. Colluvium is dominated by relatively fine-grained (fine to very
fine sand) slopewash colluvium deposited by overland flow, but also includes rocky colluvium on hillslopes below mesas. The
fine-grained colluvium is likely derived mainly from reworking of eolian deposits. Episodic colluvial deposition appears to, at
least in part, accompany and follow episodic eolian events, with intervening periods dominated by erosion and the development

of truncated soils.

INTRODUCTION

A recently discovered distal humerus fragment of Bison (prob-
ably Bison antiquus) near White Rock, New Mexico, provides an
opportunity to examine a rare bison fossil in good stratigraphic
context, in a buried soil horizon below a deposit of ca. 50-60
ka El Cajete pumice. The fossil was found during archaeologi-
cal investigations conducted at Los Alamos National Labora-
tory (LANL) in 2002 by Dr. Bradley Vierra, the archaeologist
in charge of the project. This is the second recorded Pleistocene
fossil from Los Alamos County, and is also one of only two bison
records in New Mexico with dates older than about 25 ka. The
Bison site was examined as part of geomorphic studies conducted
for LANL in support of archaeological investigations within the
White Rock land transfer parcel, located within the Cafiada del
Buey watershed (Fig.1). The fossil locality is situated on an east-
facing colluvial slope approximately 0.5 km west of the town of
White Rock. The fossil was preserved in late Pleistocene collu-
vium overlying older Pleistocene colluvium and Pliocene Cerros
del Rio basalt. The preservation of this specimen in a colluvial
deposit is somewhat unusual. In this paper we discuss the Pleis-
tocene and Holocene stratigraphy of the White Rock parcel and
the associated setting of the Bison fossil.

METHODS

A surficial geologic map of the study area was prepared at a
scale of 1:1200. The mapping focused on units with potential
archaeological significance. Soil descriptions follow Birkeland
(1999), and soil horizon nomenclature is from Birkeland (1999)
and Soil Survey Staff (1999). Buried soil horizons were num-
bered based on the overall stratigraphy for the study area, rather
than for individual profiles (e.g., some profiles may have the sur-

face soil profile sitting directly on buried soil b2 or b3 horizons,
or the bl soil may sit directly on the b3 soil). Carbonate stage for
soils follows nomenclature developed by Gile et al. (1966). Pre-
liminary age estimates for deposits are based on soil descriptions,
and comparison of the degree of soil development to previously
dated sites on the Pajarito Plateau and to soils described during
the present investigation where radiocarbon dates were obtained.
A colluvial deposit in Fence Canyon with a calibrated (cal) radio-
carbon age of ca. 5.0 ka (Stop 1-4c, Reneau and McDonald, 1996,
p. 62-64), at the same general elevation as the White Rock parcel,
was used as a key reference for the degree of soil development in
a mid-Holocene unit on that part of the plateau. The presence of
the ca. 50-60 ka El Cajete pumice (age from Toyoda et al., 1995;
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FIGURE 1. Digital elevation model (DEM) map of Pajarito Plateau
showing study area.
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and Reneau et al., 1996b) interbedded with colluvial sediments
provided an upper age constraint for the Bison fossil.

STRATIGRAPHY

Canada del Buey is located on the Pajarito Plateau, an area of
gently east-sloping mesas and intervening narrow canyons (Fig.
1). The study area is in the eastern part of the plateau at an eleva-
tion of 1950 to 2000 m, in an area of relatively low relief. The
modern climate is semiarid, with mean annual precipitation of
about 350 mm (Bowen, 1990). Vegetation is dominated by pifion-
juniper woodlands (McKown et al., 2003).

The study area includes part of the Cafiada del Buey stream
channel and adjacent floodplains, colluvial slopes, and alluvial
fans (Fig. 2). Bedrock beneath most of the area is Pliocene basalt
of the Cerros del Rio volcanic field (unit Tb). The early Pleisto-
cene Tshirege Member of the Bandelier Tuff (unit Qbt), which
overlies the Cerros del Rio basalt, is also present along the north-
ern margin, and as an isolated mesa in the western part of the
study area. Most of the study area is covered by locally derived
colluvial, alluvial fan, or slopewash deposits of varied ages. Geo-
logic maps of this area have been prepared by Griggs (1964),
Rogers (1995), and Dethier (1997).

Surficial geologic units

Unit Qal consists of young alluvium in the main stream chan-
nel of Cafiada del Buey and tributary drainages, and adjoining
floodplains and stream terraces. Sediment ranges in size from silt
to coarse sand and gravel, and is dominated by coarse sand in the
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main channels and very fine sand on the floodplains (Drakos et
al., 2000). The upper sediment layers along the main channel and
floodplains (approximately 0.5 to 2.0 m thick) are largely historic
in age and typically sit directly on basalt or welded tuff boulders,
although older sediment may be locally present at depth. Higher
stream terraces (unit Qt) along Cafiada del Buey are generally
above the level of historic flooding, and are inferred to be late
Holocene to Pleistocene in age. The stream terraces are in part
overlain by colluvium (unit Qc).

Unit Qf consists of young alluvial fans that emanate from side
drainages, typically below eroding areas of colluvium. Qf is dom-
inated by stratified fine to very fine sand, and also includes coarse
sand and fine gravel layers. The upper parts of these deposits are
historic in age, and older deposits are commonly present at depth.
Greater than 1 m of late Holocene sediment is present in some
Qf units.

Unit Qe (mapped as Qe+Qc) includes a thin eolian deposit on
the small mesa in the western part of the study area and a collu-
vial deposit surrounding an eroded roomblock from the Ancestral
Puebloan site LA 12587 (Fig. 2; also see Drakos and Reneau, this
volume). Outside of the colluvial mound surrounding the room-
blocks, recent (<800 yr BP) eolian or reworked eolian deposits
are typically less than 20 cm thick, with a maximum thickness
of 17 to 24 cm at SP21 and SP21A on the mesa edge north of the
site. Unit Qe is dominated by very fine sand and silt.

Unit Qc consists of relatively fine-grained (fine to very fine
sand) slopewash colluvium deposited by overland flow, and also
includes rocky colluvium on hillslopes below mesas. Qc likely
includes alluvial apron surfaces and underlying deposits, eolian
deposits, and/or locally reworked eolian sediment. Qc deposits
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FIGURE 2. Geomorphology, cross section and soil pit locations, Canada del Buey study area. See Figures 3 and 4 for cross sections A-A’ and B-B’.
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have a wide range in age, and typically have buried soils that
indicate pauses in deposition, in part accompanied by local ero-
sion. Several soil profiles include surficial and buried deposits
that indicate at least two episodes of colluvial deposition since
mid-Holocene time, with a lower colluvial layer likely deposited
around 2 to 4 ka, and an upper colluvial layer that was likely
deposited within the past 1000 yrs (Drakos and Reneau, 2003).
However, in many locations, the upper colluvial layer overlies
late Pleistocene or early Holocene to latest Pleistocene depos-
its. A thin (typically less than 10 cm thick), very young colluvial
layer, likely deposited within the past 100 yrs, was observed at
several locations. Although unit Qc is characterized by spatial
complexity in its depositional history, it can be subdivided into
units Qcl and Qc2, based on the presence or absence of middle
Holocene colluvium beneath the pervasive latest Holocene col-
luvium. Unit Qcl is characterized by latest Holocene (<1 ka?) Qc
overlying Pleistocene or early Holocene Qc (Fig. 3). In the area
east of the Bandelier Tuff mesa, the late Holocene Qc becomes
thinner downslope from approximately 0.7 m thick at the base of
the mesa to less than 0.1 m thick at SP15, the Bison fossil locality
(Fig. 3).

Unit Qc2 is characterized by latest Holocene (<1 ka?) Qc over-
lying inferred middle Holocene Qc. Middle Holocene deposits
in unit Qc2 are approximately 1 m thick at SP6, and are overlain
by approximately 0.2 to 0.7 m of late Holocene deposits (Fig.
4). In general, Qcl underlies east- and southeast-facing slopes in
areas of relatively thin colluvial deposits overlying bedrock units

TABLE 1. Summary of soil morphology for Bison site.
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Tb and Qbt (Figs. 2, 3). Unit Qc2 underlies aggrading toe slopes
below embayments in the Qbt mesa north of the study area and
the north-facing slope between the small Qbt mesa and Cafiada
del Buey within the western part of the study area (Fig. 2).

Sediment in unit Qc with estimated ages younger than ca. 5
ka, based on comparison with the Fence Canyon reference sec-
tion, ranges in thickness from 6 cm to >1 m. Its soils lack stage
I carbonate or Bt horizons. The thickest deposit is in the eastern
part of the study area, where 1.1+ m of late Holocene colluvium
is present at location SP22, within site LA 12765 (Drakos and
Reneau, 2003). Farther west, 70-80 cm of colluvium younger
than ca. 4 ka is present on the south side of the isolated Bande-
lier Tuff mesa (SP17 and SP18, Fig. 2). The total thickness of
Holocene or possibly latest Pleistocene sediment (< ~10-15 ka)
reaches about 1.7 m in a gullied area in the northwestern part of
the parcel (SP3a, Fig. 2).

Bedrock and pumice units

Unit Qec is the ca. 50-60 ka El Cajete pumice, a rhyolitic
plinian fallout deposit (Bailey et al., 1969). Unit Qec lapilli are
recognized in the field by their distinctive biotite phenocrysts.
Postdepositional development of “Bt lamellae” is a feature that
is commonly observed in El Cajete pumice deposits (Reneau et
al., 1995). Within the study area, Qec lapilli are typically pebble
sized, and the deposits include eolian very fine sand and silt that
has infiltrated after the Qec eruption. It is present in a relatively
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FIGURE 3. Cross section A-A’ (bottom), soil profiles and correlations (top) showing Bison occurrence and stratigraphic relationships in unit Qcl. See

Figure 1 for cross section and soil description locations.

thick (> 50 cm) layer within Qc on the north side of the isolated
Bandelier Tuff mesa in the western part of the study area (loca-
tions SP1 and SP1a, Fig. 2), but has been largely eroded from the
rest of the parcel. Thin remnants of primary Qec were observed
within Qc farther east, in the vicinity of the Bison site (site SP15b,
Fig. 3 and Table 1).

The Tshirege Member of the Bandelier Tuff (unit Qbt) in the
mapped area consists of <60 m of slightly welded rhyolitic pyro-
clastic flows erupted at 1.25 Ma (Dethier, 1997; age from Phil-
lips, 2004). There are no soils or only thin soils present in much
of this unit, particularly along the edges of mesas. Where present,
mesa top soils are formed in thin, discontinuous deposits predom-
inantly of very fine sand (locations SP21 and SP 21a, Fig. 4), and
represent either eolian or locally reworked eolian sediment. Thin
deposits overlying Qbt are in part late Holocene in age (likely less
than 1 ka) based on the degree of soil development (Drakos and
Reneau, 2003, and this volume).

Unit Tb is Pliocene basalt of the Cerros del Rio volcanic field.
Flows near the site have been dated at 2.3-2.5 Ma, and have a

subaerial thickness of <30 m (Dethier, 1997). No soils or only
thin soils are present throughout the area of exposure of this unit.

In other areas discontinuous colluvial or eolian sediments overlie
unit Tb.

Soil stratigraphy of hillslope deposits

Hillslopes in the study area are underlain by a sequence of trun-
cated Pleistocene and Holocene soils that are inferred to represent
colluvial deposition and soil formation in the middle Pleistocene
(buried soil “b3”), the late Pleistocene (buried soil “b2”), and the
mid- to late Holocene (buried soil “b1”) (Figs. 3, 4). Truncation
of the buried soils indicates that a period of erosion followed each
episode of landscape stability and soil formation. The b3 soil
exhibits 5YR color, moderately thick clay films, maximum stage
IIT carbonate morphology and, based on comparison with previ-
ous soils investigated on the Pajarito Plateau, has an estimated age
of at least 100-200 ka (McFadden et al., 1996); it may actually
be developed in deposits with a wide range in age, although this
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FIGURE 4. Cross section B-B’ (bottom), soil profiles and correlations (top) showing stratigraphic relationships between alluvial fan (Qf), hillslope
(Qc2), and mesa top (Qe+Qc) deposits, Cafiada del Buey. See Figure 1 for cross section and soil description locations.

cannot be determined at present. The b2 soil exhibits 7.5YR color,
thin to moderately thick clay films, and stage I to I+ carbonate mor-
phology. In a study of calcic soils of the southwestern U.S., soils
formed in gravelly alluvial deposits develop stage II morphology
over a time period of 10 ka to 100 ka (Machette, 1985). The b2
soil is older than the ca. 50-60 ka El Cajete Pumice and, based on
carbonate morphology and stratigraphic position overlying the b3
soil, is younger than 100 ka. The bl soil exhibits 7.5YR-10YR
color, lacks clay films or has rare, thin films (e.g. Btjb1 horizon in
SP6, Fig. 4), and maximum stage I carbonate morphology. Well-
developed Bt horizons, with many moderately thick clay films and
7.5YR color, overlying stage I carbonate horizons, were observed
in ca. 6.7-7.4 cal ka colluvial deposits in Rendija Canyon at a site
where older upslope soils were a possible clay source (Drakos
and Reneau, 2004). Incipient Bt horizon development observed

in Cafiada del Buey b1 soils is therefore consistent with a middle
Holocene age, likely less than 7 ka. Based on correlation with the
ca. 5.0 cal ka Fence Canyon soil profile with stage I carbonate, the
b1 soil has an estimated age of 4 to 6 ka. The surface soil typically
exhibits an A-Bw profile, and is developed in deposits that overlie
600-800 yr-old Ancestral Puebloan sites. At some locations, the
surface soil consists of an A, AC, or C horizon only, and is inter-
preted to be historic in age (Figs. 3, 4).

The predominance of fine-grained colluvial deposits is likely
due to reworking of eolian deposits as a significant source of col-
luvial sediment. In between eolian events, erosional processes
dominate, during which time much of the sediment is stripped
from hillslopes and soils are truncated. Deposition of fine-grained
colluvium likely enhances the probability of fossil preservation
within a colluvial deposit.
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Stratigraphy of Bison locality

The Bison fossil was located on an east-facing colluvial slope
in unit Qcl overlying basalt bedrock, in late Pleistocene collu-
vium that overlies a remnant older Pleistocene buried soil devel-
oped in a thin colluvial deposit (Fig. 3). The late Pleistocene
colluvial deposit is overlain by thin, inferred historic-age collu-
vium that is reddened (note AC horizon with 7.5YR hue, location
SP15, Table 1), suggesting that it is derived from reworking of
older soils. The piece of fossilized bone was found at a depth
of about 20-30 cm eroding out of a gully wall stratigraphically
below the ca. 50-60 ka El Cajete pumice (Fig. 3; Table 1, note
Qec pumice at location SP15b). The Qec deposit at SP15b is an
eroded remnant of primary El Cajete pumice with eolian very fine
sand and silt in the matrix. The bone was situated in a reddened
(7.5YR) Btb2 horizon with a soil profile that exhibited a stage I+
carbonate in the underlying Btkb2 horizon (Table 1). Based on
the stratigraphic position of the bone horizon below the El Cajete
pumice, the fossil is > ca.50-60 ka. As discussed above, the Bt
and Btk horizon development, with maximum stage I+ carbonate,
moderately thick clay films and 7.5YR hue, is consistent with an
age of <100 ka. The Bison fossil therefore has an estimated age
of ca. 50-100 ka.

PALEONTOLOGY
Bison sp.

A partial distal end of a left humerus of an extinct species of
Bison (New Mexico Museum of Natural History-NMMNH cata-
logue number 37623; Fig. 5B) was found in the Cafiada del Buey
site (NMMNH locality L-5214). In a previous reference to this
same fossil, the site was called White Rock for its proximity to
the town of White Rock in Los Alamos County (Morgan and
Lucas, 2005a). The specimen is very similar in morphology to
a distal humerus from an extant American bison (Bison bison)
skeleton from Fort Wingate Military Reservation in McKinley
County, northwestern New Mexico (Fig. 5A). The distal articular
surface of the fossil humerus compares closely to the humerus
of B. bison in having the medial condyle noticeably deeper
(proximo-distally) than the lateral condyle, a deeply excavated
(concave) coronoid fossa just proximal to the articular surface,
and the presence of a distinct medial ridge on the lateral condyle
that extends as a low ridge proximally for a short distance into
the coronoid fossa before curving laterally toward the edge of
the shaft (Fig. 5). The size and overall features of the fossil are
superficially similar to the distal humerus of a large extinct horse
(Equus), but the horse differs in having the medial and lateral
condyles about the same depth, a much shallower coronoid fossa,
and a less distinct medial ridge on the lateral condyle that does
not extend into the coronoid fossa as a low ridge.

The species of Bison are identified by characters of their bony
horn cores (McDonald, 1981), and thus the partial humerus from
Canada del Buey can only be referred to Bison sp. However,
its occurrence in a late Pleistocene site (50-100 ka; late Ran-
cholabrean land mammal age) and smaller size compared to B.

DRAKOS, RENEAU, & MORGAN

FIGURE 5. Photographs of the left distal humerus of Bison. A. Bison
bison, recent male specimen from Fort Wingate Military Reservation,
McKinley County, New Mexico (NMMNH 2364-mammalogy) ; B.
Bison sp. fossil, extinct species (most likely B. antiquus), from Canada
del Buey (NMMNH 37623-vertebrate paleontology; NMMNH locality
L-5214). mc = medial condyle; lc = lateral condyle; cf = coronoid fossa;
mr = medial ridge

latifrons suggest that NMMNH 37623 is more likely to be B.
antiquus, an extinct species typical of late Pleistocene and early
Holocene sites in New Mexico and elsewhere in western North
America (McDonald, 1981). The much larger B. latifrons is more
characteristic of medial Pleistocene sites (100-300 ka; early Ran-
cholabrean land mammal age). Although the fossil appears to
be similar in size to, or even somewhat smaller than, the recent
male B. bison humerus (Fig. 5A), this is misleading because the
fossil is incomplete and weathered. The medial edges of the shaft
and the articular surface are both broken in the fossil (Fig. 5B).
In features that are comparable (e.g., the breadth of the humeral
shaft just proximal to the articular surface), the fossil is actually
somewhat larger than the recent B. bison, which places it in the
size range of B. antiquus.

The Cafiada del Buey Bison represents the second known
record of a Pleistocene vertebrate fossil from Los Alamos County.
The first is a lower jaw of a small horse (Equus), found in 1966 by
collectors from the Frick Laboratory of the American Museum of
Natural History on the mesa top east of Potrillo Canyon, west of
White Rock Canyon, 1 to 2 km west of Pajarito Springs (Morgan
and Lucas, 2005a). According to the original notes written on the
fossil by Ted Galusha, this horse jaw was collected from the early
Pleistocene Bandelier Tuff, and thus would be considerably older
than the bison humerus (inferred age of 50-100 ka). The Cafiada
del Buey humerus is the second oldest dated Bison known from
New Mexico. The oldest record is a partial skull and horn core
of B. latifrons from the Los Duranes Formation in a gravel pit in
Bernalillo, Sandoval County (Smartt et al., 1991). According to
Connell and Love (2001) and Connell (2004), the Los Duranes
Formation is bracketed by dates of 156 ka on the Albuquerque
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volcanoes basalt (Peate et al., 1996) and 98 ka on the Cat Hills
basalt above the Los Duranes Formation (Maldonado et al.,
1999). Other dated records of Bison in New Mexico are younger
than 25 ka, of which the identifiable specimens are all referable
to B. antiquus.

Late Pleistocene records of Bison are uncommon in the mostly
mountainous terrain of northern New Mexico (Morgan and Lucas,
2005b). The Caniada del Buey site is one of the higher elevation
records of Bison in the state at 1975 m. Other late Pleistocene
Bison occurrences in this region from elevations above 1830 m
include Navajo Lake in San Juan County, Abiquiu in Rio Arriba
County, Mesa Vibora in Taos County, Folsom in Colfax County,
and Snow Ranch in Santa Fe County. Bison is a grazing ungulate,
and during the late Pleistocene was more common in the exten-
sive grasslands and savannas of the Great Plains in eastern New
Mexico (Morgan and Lucas, 2005a).

CONCLUSIONS

Hillslopes in the study area are underlain by a sequence of
truncated Pleistocene and Holocene soils that are inferred to
represent colluvial deposition and soil formation in the middle
Pleistocene, late Pleistocene, and the mid- to late Holocene, fol-
lowed by erosion (Figs. 3, 4). A later period of colluvial deposi-
tion occurred within the past 800 yrs, likely contemporaneous
with and/or postdating Ancestral Puebloan occupation, and a
thinner colluvial layer, likely deposited within the past 100 yrs,
was observed at several locations. Reworking of eolian deposits
probably provided a source for much of the fine-grained collu-
vium in the study area. The presence of older early to middle
Holocene colluvial deposits in other areas on the eastern Pajarito
Plateau indicates that the record in the study area is incomplete,
with likely loss of deposits of this age by erosion. For example,
colluvial deposits dated at 6-8 cal ka have been found in Fence
Canyon and in several other areas (Reneau and McDonald, 1996;
Reneau et al., 1996a), but have not been clearly identified in the
study area.

The Bison partial distal humerus was discovered on an east-
facing slope within late Pleistocene colluvium stratigraphically
below the ca. 50-60 ka El Cajete pumice. Fossil preservation was
enhanced by the active, episodic colluvial deposition in this area.
Although the Bison fossil is not identifiable to the species level,
its size and inferred age of 50-100 ka suggest it is probably B.
antiquus. This is one of very few bison records in New Mexico
with a date older than about 25 ka. It is only the second recorded
Pleistocene fossil from Los Alamos County, and one of about a
half dozen records of Bison from the mountains of northern New
Mexico at elevations above 1830 m.

ACKNOWLEDGMENTS

Funding for this work was provided by the LANL Land Con-
veyance and Transfer Project, and we thank Brad Vierra for his
support throughout this project. Scott Eberhardt provided GIS
support, and Jim Riesterer collaborated on figure preparation.

John Hawley, Emily Schultz and Dave Love provided helpful
review comments.

REFERENCES

Bailey, R.A., Smith, R.L., and Ross, C.S., 1969, Stratigraphic nomenclature of
volcanic rocks in the Jemez Mountains, New Mexico: U.S. Geological
Survey, Bulletin 1274-P, p. 1-18.

Birkeland, P. W., 1999, Soils and geomorphology, Third Edition: Oxford, Oxford
University Press, 430 p.

Bowen, B.M., 1990, Los Alamos climatology: Los Alamos National Laboratory,
Report LA-11735-MS, 254 p.

Connell, S. D., 2004, Geology of the Albuquerque basin and tectonic develop-
ment of the Rio Grande rift in north-central New Mexico, in Mack, G. H.,
and Giles, K. A., eds., The geology of New Mexico, a geologic history: New
Mexico Geological Society, Special Publication 11, p. 359-388.

Connell, S. D., and Love, D. W., 2001, Stratigraphy of middle and upper Pleis-
tocene fluvial deposits of the Rio Grande (post-Santa Fe Group) and the
geomorphic development of the Rio Grande valley, northern Albuquerque
basin, central New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-File Report 454A, p. J-67-78.

Dethier, D. P., 1997, Geology of the White Rock Quadrangle, Santa Fe and Los
Alamos Counties, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Geological Map 73, scale 1:24,000.

Drakos, P., Ryti, R., Reneau, S., and Greene, K., 2000, Evaluation of possible
sediment contamination in the White Rock land transfer parcel: reach CDB-
4: Los Alamos National Laboratory, Report LA-UR-00-5071.

Drakos, P. G., and Reneau, S. L., 2003, Surficial units and processes associated
with archaeological sites in selected land conveyance parcels, Los Alamos
National Laboratory: 2002 through February 2003 field season investiga-
tions: Los Alamos National Laboratory, Report LA-UR-03-2630.

Drakos, P. G., and Reneau, S. L., 2004, Surficial units and processes associated
with archaeological sites in selected land conveyance parcels, Los Alamos
National Laboratory, Volume II, 2003 field season investigations: Rendija
Canyon and Airport Tract sites: Los Alamos National Laboratory, Report
LA-UR-04-1842.

Drakos, P. G. and Reneau, S. L., this volume, Episodic eolian events and preserva-
tion of mesa top archaeological sites on the Pajarito Plateau: New Mexico
Geological Society, 58" Field Conference, Guidebook.

Gile, L., Peterson, F. F., and Grossman, R. B., 1966, Morphologic and genetic
sequences of carbonate accumulation in desert soils: Soil Science, v. 101,
p. 347-360.

Griggs, R. L., 1964, Geology and groundwater resources of the Los Alamos area,
New Mexico: U.S. Geological Survey, Water-Supply Paper 1735, 107 p.

Machette, N. N., 1985, Calcic soils of the southwestern United States: Geological
Society of America, Special Paper 203, p. 1-21.

Maldonado, F., Connell, S. D., Love, D. W., Grauch, V. J. S., Slate, J. L., McIn-
tosh, W. C., Jackson, P. B., and Byers, F. M. Jr., 1999, Neogene geology of
the Isleta Reservation and vicinity, Albuquerque basin, central New Mexico:
New Mexico Geological Society, 50" Field Conference, Guidebook, p. 175-
188.

McDonald, J. N., 1981, North American Bison: Their classification and evolution:
Berkeley, University of California Press, 316 p.

McFadden, L.D., Watt, PM., Reneau, S. L., and McDonald, E. V., 1996, Gen-
eral soil-landscape relationships and soil-forming processes in the Pajarito
Plateau, Los Alamos National Laboratory area, New Mexico: New Mexico
Geological Society, 47" Field Conference, Guidebook, p. 357-366.

McKown, B., Koch, S.W. Balice, R.G., and Neville, P. 2003. Land cover map
for the eastern Jemez region: Los Alamos National Laboratory, Report LA-
14029, 84 p.

Morgan, G.S., and Lucas, S.G., 2005a, Pleistocene vertebrate faunas in New
Mexico from alluvial, fluvial, and lacustrine deposits: New Mexico Museum
of Natural History and Science, Bulletin 28, p. 185-248.

Morgan, G.S., and Lucas, S.G., 2005b, Pleistocene vertebrates from Rio Arriba
and Taos Counties, northernmost New Mexico: New Mexico Geological
Society, 56" Field Conference, Guidebook, p. 416-424.

Peate, D. W., Chen, J. H., Wasserburg, G. J. , and Papanastassiou, D. A., 1996,
Z8U/ATh dating of a geomagnetic excursion in Quaternary basalts of the



Albuquerque volcanoes field, New Mexico (USA): Geophysical Research

Letters, v. 23, p. 2271-2274.

Phillips, E.H., 2004, Collapse and resurgence of the Valles caldera, Jemez Moun-

tains, New Mexico: “Ar/*Ar age constraints on the timing and duration of
resurgence and ages of megabreccia blocks [M.S. thesis]: Socorro, New

Mexico Institute of Mining and Technology, 200 p.
Reneau, S. L., and McDonald, E. V., 1996, Landscape history and processes on

the Pajarito Plateau, northern New Mexico: Rocky Mountain Cell, Friends
of the Pleistocene, Field Trip Guidebook, Los Alamos National Laboratory,

Report LA-UR-96-3035, 195 p.
Reneau, S. L., Kolbe, T. R., Simpson, D., Carney, J.S., Gardner, J. N., Olig, S.S.,

and Vaniman, D.T., 1995, Surficial materials and structure at Pajarito Mesa:
Los Alamos National Laboratory, Report LA-13089-M, p. 31-69.

Reneau, S. L., McDonald, E. V., Gardner, J. N., Kolbe, T. R., Carney, J. S., Watt,

P. M., and Longmire, P. A., 1996a, Erosion and deposition on the Pajarito
Plateau, New Mexico, and implications for geomorphic responses to late
Quaternary climatic changes: New Mexico Geological Society, 47" Field

DRAKOS, RENEAU, & MORGAN

Conference, Guidebook, p. 391-397.

Reneau, S. L., Gardner, J. N., and Forman, S. L., 1996b, New evidence for the
age of the youngest eruptions in the Valles caldera, New Mexico: Geology,
v. 24, p. 7-10.

Rogers, M. A., 1995, Geologic map of the Los Alamos National Laboratory Res-
ervation: New Mexico Environment Department, Santa Fe.

Smartt, R. A., Lucas, S. G., and Hafner, D. J., 1991, The giant bison (Bison lati-
frons) from the middle Rio Grande Valley of New Mexico: Southwestern
Naturalist, v. 36, p. 136-137.

Soil Survey Staff, 1999, Soil taxonomy: a basic system of soil classification for
making and interpreting soil surveys: United State Department of Agricul-
ture, Natural Resources Conservation Service, Agriculture Handbook no.
436, 869 p.

Toyoda, S., Goff, F., Ikeda, S., and lkeya, M., 1995, ESR dating of quartz phe-
nocrysts in the El Cajete and Battleship Rock Members of the Valles Rhyo-
lite, Valles caldera, New Mexico: Journal of Volcanology and Geothermal
Research, v. 67, p. 29-40.

APPENDIX A. KEY TO SYMBOLS USED IN DESCRIPTIONS OF SOIL MORPHOLOGY (From Birkeland, 1999)

Structure
Grade Size Type
1 = weak Ve = very coarse sbk = subangular blocky

2 = moderate

C = coarse

abk = angular blocky

3 = strong m = medium pr = prismatic
f=fine pl = platy
sg = single grain
m = massive
Consistence
Dry Wet - Stickiness Wet - Plasticity
lo = loose so = non sticky po = non-plastic
so = soft vss = very slightly sticky vps = very slightly plastic
sh = slightly hard ss = slightly sticky ps = slightly plastic
h = hard s = sticky p = plastic
vh = very hard
Cutans (clay films)
Abundance Thickness/(Distinctness) Location/Type

n.o. = none observed

vl = very few (< 5%)

1 =few (2 - 25%)

2 = common (25 - 50%)
3 =many (50 - 75%)

4 = continuous (75+%)

Horizon Boundary

n = thin (faint)
mk = moderately thick
k = thick

po = along pores

co = coating gravel, ped faces
br = bridging grains

pf = along ped faces (as co + br)
pr:pf along prismatic ped faces
bk:pf along blocky ped faces
Lam = lamellae

Thickness

a =abrupt (< 2.5cm)

¢ = clear (2.5 - 6cm)

g = gradual (6-12.5cm)
d = diffuse (> 12.5 cm)

Texture

Topography
s = smooth
W = wavy

i = irregular
b = broken

Carbonate effervescence in HCI
none = non-effervescent

e = slightly effervescent

es = strongly effervescent

ev = violently effervescent

s = sand
Is = loamy sand
sl = sandy loam

—10am

sil =silt loam
scl = sandy clay loam
sicl = silty clay loam

¢l =clay loam




