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INTRODUCTION

Geomorphic studies were conducted in selected land conveyance parcels at Los Alamos National
Laboratory in support of archaeological investigations preceding transfer of these tracts from the
Department of Energy to Los Alamos County, San Ildefonso Pueblo, or the New Mexico
Highway Department. This work included mapping and description of surficial geologic units to
help define the geomorphic context of archaeological sites. Thisinvestigation also focused on
identification of surficial processes associated with potential erosion or buria of cultural
features. Fieldwork was conducted during the 2004 field season in support of excavations at
twelve sites in the Rendija Canyon tract. Eleven of the sites were field houses, and one site was
astorage bin.

GEOMORPHIC SETTING

Los Alamos National Laboratory islocated on the Pajarito Plateau and includes a variety of
landforms including gently sloping mesa tops, steep canyon walls, and canyon bottoms. This
area has a complex geomorphic history over the last 10 to 15 thousand years, the time scale
relevant to archaeological investigations (e.g., Reneau and McDonald, 1996; Reneau et al.,
1996). At various times, large parts of the landscape experienced deposition of alluvial, colluvial,
or eolian sediments, with an associated potential to bury and help preserve archaeological sites.
The landscape has also experienced significant erosion, with the associated potential to erode
archaeological sites.

METHODS

Surficia geologic maps of selected land transfer tracts were prepared at a scale of 1:1200. The
Rendija Canyon tract geologic map was completed during the 2003 field season, and included an
area mapped previously (Reneau and McDonald, 1996, p. 102). The mapping focused on units
with potential archaeological significance. Soil descriptions were made at profiles both inside
and outside of identified archaeological sites following methods discussed in Birkeland (1999).
Carbonate stage for soils follows nomenclature developed by Gile et al. (1965, 1966).
Preliminary age estimates for deposits were made based on soil descriptions and comparison of
the general degree of soil development to previously dated sites on the Pgjarito Plateau, and to
soils described during the present investigation where **C dates were obtained.

Preliminary age estimates for soils in Rendija Canyon are based on comparison with a
chronosequence of Pleistocene and Holocene soils developed on aterrace sequence in Rendija
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Canyon (Reneau and McDonald, 1996; McDonald et al., 1996; Phillipset al., 1998). Age
constraints for the Rendija Canyon fluvial terraces are provided by 13 radiocarbon dates for
Holocene terraces, two radiocarbon dates for Pleistocene terraces, and cosmogenic “Ne age
estimates for three terraces. Additional data for Rendija Canyon soil age estimates are based on
comparison with soils described in paleoseismic trenches in Chupaderos Canyon, northwest of
the Rendijatract (Gardner et al., 2003).

RENDIJA CANYON TRACT
Surficial Geologic Units

The Rendija Canyon land transfer tract islocated within the Rendija Canyon watershed and
includes part of the active stream channel and adjacent floodplains, tributary drainages, fluvial
terraces, colluvial slopes, ridge crests and mesitas (Figure 1). The western half of the Rendija
Canyon land transfer tract was the focus of the 2004 field season investigation. Geologic units
beneath the Rendija Canyon tract include, from oldest to youngest, Tschicoma Formation dacite
lavas (unit Tt); Puye Formation (unit Tp), an alluvial fan complex derived from the Tschicoma
highlands that includes abundant Tschicoma dacite pebbles, cobbles, and boulders; the Otowi
Member of the Bandelier Tuff (unit Qbo); Cerro Toledo interval (unit Qct) pumice beds and
dacite rich aluvium with minor obsidian pebbles; the Tshirege Member of the Bandelier Tuff
(unit Qbt), and Older Alluvium (unit Qoa) (Figure 2). Unit Qoais stratified alluvium deposited
on top of the Bandelier Tuff generally prior to incision of the modern canyons (Kempter and
Kelley, 2002), possibly within 100,000 years of eruption of Qbt (Reneau and McDonald, 1996;
Reneau et a., 2002). As mapped, unit Qct may include the Guaje Pumice Bed of the Otowi
Member, Bandelier Tuff (Qbog), which produces pumice-rich soils similar to soils found
overlying Qct.

Bedrock on hillslopes and ridge tops comprising the western half of the tract includes Tschicoma
Formation dacite overlain by pumice and alluvium of the Cerro Toledo interval. The Tschicoma
dacite crops out along aridge north of the confluence between Rendija and Cabra Canyons,
forms ridges along the northern tract boundary, and forms the highlands leading up to Guaje
Mountain north of the tract (Figure 1; Kempter and Kelley, 2002). Puye Formation gravels and
the Otowi Member of the Bandelier Tuff crop out in Rendija Canyon and along tributary
drainages incised below the Cerro Toledo interval deposits (Figure 1). Cerro Toledo deposits
crop out along the south side of Cabra Canyon, the north side of Cabra Canyon west of the
Tschicoma dacite ridge, and along the north side of Rendija Canyon east of the Tschicoma dacite
ridge (Figure 1). The Tshirege Member of the Bandelier Tuff forms the mesa top between Cabra
and Rendija Canyons west of the Rendija Canyon tract, and crops out along the base of the mesa
escarpment along the southern boundary of the tract (Figure 1). Fluvial terraces are preserved
near the canyon bottom and are inset into or interfinger with colluvial deposits on north-facing
slopes south of the Rendija Canyon drainage (Figure 1). Rendija Canyon possesses the most
extensive and best-preserved set of stream terraces on the Pgjarito Plateau, locally including at
least five Pleistocene surfaces and four Holocene surfaces (Reneau and McDonald, 1996;
McDonald et a., 1996). Parts of the tract are covered by locally derived colluvial or slopewash
deposits of avariety of ages. Geologic maps of this area have been prepared by Griggs (1964),
Smith et al. (1970), and Kempter and Kelley (2002). The Rendija Canyon terrace sequence was
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first examined by Gonzalez and Gardner (1990) and later by Wong et al. (1995). A detailed
surficial geologic map of the western part of the tract was previously prepared by Reneau
(Reneau and McDonald, 1996, p. 102), and is modified for thisinvestigation in Figure 1.

Unit Qal consists of young alluvium in the main stream channel of Rendija Canyon. Sediment
sources for Rendija Canyon alluvium include Bandelier Tuff and Cerro Toledo beds that provide
sand and pumice, and Puye Formation beds and Tschicoma Formation dacite outcrops that
provide the majority of the pebble to boulder-size gravel (McDonald et a., 1996).

Unit Qt includes several stream terraces flanking the Rendija Canyon stream channel. Stream
terraces are labeled Qt1 through Qt8, from oldest to youngest. The Holocene terraces (Qt5
through Qt8) are typicaly strath terraces, with 0.5 to 2 m of channel deposits overlain by fine-
grained floodplain sediments (Reneau and McDonald, 1996). Pleistocene terraces (Qt1 through
Qt4) aretypically overlain by more significant aggradational sequences consisting of 4to 10 m
of gravelly deposits (Reneau and McDonald, 1996). Terraces arein part overlain by colluvium
(unit Qc). The older, higher terraces are more extensively buried by colluvium, and many of the
Qt1 terraces are completely buried (Figure 1). A high terrace, Qt2, formsalarge, relatively flat
surface sloping to the east on which several field house sites are located (Figure 1). The coarse
stream-gravel deposit underlying both Qt1 and Qt2 contains abundant dacite cobbles and
boulders that would have been aready source of wall block materials for the field houses.

Unit Qc includes a mixture of gravelly and fine-grained (fine to very fine sand and silt)
slopewash colluvium deposited by overland flow, and also includes rocky colluvium on
hillslopes below mesas and ridge crests. Qc includes valley-filling colluvial deposits that were
locally reworked by fluvial processes, and eolian deposits and/or locally reworked eolian
sediment. Qc includes deposits with a wide age range, and typically has buried soils that indicate
pauses in deposition, in part accompanied by local erosion. However, at least two relatively
widespread episodes of colluvia deposition are inferred from an examination of soil profiles at
the Rendija Canyon sites. These depositional events include colluvium of inferred late
Pleistocene to middle Holocene age, typically less than 1.5 m thick, overlain by alate Holocene
colluvial deposit less than 25 cm thick (Drakos and Reneau, 2004). Local swale-fill and gully-
fill deposits preserve relatively thick (greater than 1 m) early to mid Holocene colluvial deposits
buried by late Holocene deposits that could potentially contain buried Archaic or Paleoindian
sites (Drakos and Reneau, 2004).

Age estimates for young colluvia and eolian deposits that bury Field house sites in the western
Rendija tract are based on calibrated **C ages obtained from charcoal samples collected from
soils described in Rendija Canyon during earlier phases of this investigation, from stratigraphic
relationships with dated cultural materials, and based on comparison with soils described at
Coalition and Classic period sites in the Airport and White Rock tracts (Drakos and Reneau,
2003; 2004).
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LA 15116 (Field house)

LA 15116 consists of afield house situated on a north-facing slope below the Qt2 terrace surface
(Figure 1). The structure measures approximately 2.5 m north-south by 1.9 m east-west (inside),
or 3 m north-south by 2.5 m east-west (outside dimensions). Soils were described in one test pit
at the site, located 1 m west of the west side of the field house. Site stratigraphy consists of an
A-Bw soil overlying aburied mid to early Holocene stripped soil (Btbl horizon; Figure 3, Table
1). Depth to Otowi tuff (?) bedrock, observed west of the structure, is approximately 0.4 m
(Figure 3).

The field house was constructed primarily from dacite blocks, with some tuff blocks also
utilized. The occupation surface at the site is the top of the Btb1 horizon, and post-occupation
colluvial deposits are 20 cm thick at the described profile. Dacite blocks, inferred to be wall fall,
were observed in the A and Bw horizons (Figure 3). Although intensively burned during the
Cerro Grande fire, the site does not show evidence of extensive erosion. Soilsburying LA 15116
are relatively weakly developed, but have developed A-Bw horizons. The soils and related
stratigraphy are therefore consistent with LA 15116 being a Classic, or possibly a Coalition
period feature, and the siteisin relatively good archaeological context.

LA 70025 (Field house)

LA 70025 consists of afield housein Cabra Canyon situated on a narrow ridge that forms
part of adeeply dissected colluvial slope overlying fluvial terrace gravel or Cerro Toledo
gravel. The structure measures approximately 1.8 m by 1.6 m (inside), or 2.2 mby 2m
(outside dimension), situated with the long axis of the structure oriented N20°W (Figure
4). Soilswere described in onetest pit at the site, located 2 m west of the west side of the
field house (Figure 4; Table 1). Site stratigraphy consists of an A-Bw1-Bwz2 soil
overlying a buried mid to late Holocene Btjb1 horizon (Figure 4; Table 1).

The field house was constructed primarily from tuff blocks, with some dacite blocks also
utilized. The occupation surface at the site is the top of the Btjbl horizon (Figure 4). The
siteissituated in an erosional setting, with the potential for transport of artifacts from the
ridgetop to the hillslope below. Soils burying the LA 70025 occupation surface outside
the structure are relatively thick in alocal low area on the ridge, 29 cm thick at the
described soil profile, and include the development of Bw1 and Bw2 horizons. Soils
inside the structure on alocal topographic high are relatively thin, and likely indicate
erosion of the site. The soils data and related stratigraphy are suggestive of a Coalition or
early Classic period age for LA 70025. The siteisin relatively poor archaeol ogical
context.

L A 85403 (Field house)

LA 85403 consists of afield house situated on arelatively flat Qt2 terrace surface (Figure 1).
The structure measures approximately 2.1 m by 1.8 m (inside), or 2.5 m north-south by 2.1 m
east-west (outside dimensions), and contains an opening facing east (Figures 5 and 6). Soils
were described in two test pits at the site. A complete soil profile was described 1.4 m west of
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the west wall of the field house, and a partial profile was described below the west wall (Figures
5and 6; Table 1). Site stratigraphy consists of an A-Bw soil overlying a buried early to mid
Holocene Bwb1-Btbl soil (Figure 6; Table 1).

The field house was constructed primarily from dacite slabs and blocks, with a minor component
of tuff blocks also utilized. The wall blocks were partialy buried by afine-grained eolian
deposit, and were observed to protrude up to 5 to 10 cm above present ground surface. Exposed
wall blocks were lichen-covered. Based on the absence of evidence of significant surface
erosion and the observed burial of the site by eolian material, the site appears to be in good
archaeological context.

Dacite slabs were set into the Bwb1 horizon and possibly into the Bw horizon (Figures 5 and 6).
Evidence for the actual occupation surface outside the structure was not conclusive, and this
surface may have been either the top of the Bwb1 horizon or the top of the Bw horizon. The
prevalence of wall fall in the A horizon, observed in the excavation wall west of the field house
(Figures 5 and 6), though not conclusive, provides some supporting evidence that the top of the
Bw horizon was the occupation surface. Post-occupation eolian deposition was thus either 9 cm
or 22 cm, with the A horizon and possibly the Bw horizons devel oping after site abandonment.
Based on soil stratigraphy at other sites (Drakos and Reneau, 2004), the interpretation that the
occupation surface was the top of the Bw horizon would be most consistent with a Classic period
age for the site, and the interpretation that the occupation surface was the top of the Bwb1
horizon would be most consistent with a Coalition period age for the site.

L A 85404 (Field house)

LA 85404 consists of afield house situated on the gently sloping, east-facing edge of a
Qt1 terrace surface (Figure 1). The field house outside dimensions are approximately 3
m north-south by 2.5 m east-west on the north side of the structure, and 1.8 m east-west
on the south side of the structure (Figure 7). Inside dimensions are approximately 1.2 to
1.7 m east-west by 2.2 m north-south. Soils were described in two test pits at the site;
profile 85404-1 was described inside the structure and profile 85404-2 was described 1.5
m west of the west wall of the field house (Figures 7 and 8; Table 1). Site stratigraphy
consists of an A-Bw soil overlying a buried Pleistocene Btbl soil outside the structure,
and an A-Bw1-Bw?2 profile overlying the Pleistocene soil inside the structure (Figure 7).

The field house was constructed from locally derived dacite blocks that appear to have
been set into atrench dug into the Btb1 horizon (Figure 7). The top of the Btb1 horizon
outside the structure and the top of the Bw2 horizon inside the structure constitutes the
likely occupation surface. The Bw2 horizon inside the structure contained worked chert
with clay films plus possible reworked peds that suggests earlier use of this site and
preparation of asubfloor. The site did not exhibit extensive erosion and appearsto bein
good archaeological context. The thin colluvial soil observed outside the structure, about
9 cm thick, indicates arelatively young age for this site, although the thicker soil inside
the structure is suggestive of arelatively older age. The soils and related stratigraphy are
therefore consistent with LA 85404 being a Classic period site, but do not preclude a
Coalition period age.
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L A 86605 (Field house)

LA 86605 consists of afield house situated on the broad, gently sloping, east-facing
shoulder of the Qt2 terrace (Figure 1). The structure measures approximately1l.7 m
north-south by 1.5 m east-west (inside dimensions), or 2.1 m north-south by 2 m east-
west (outside dimensions), and contains an opening facing east (Figure 9). Soils were
described in two test pits at the site; profile 86605-1 was described 1.1 m west of the west
wall of the field house and profile 86605-2 was described inside the structure,
approximately 0.4 m east of the west wall (Figure 9; Table 1). Site stratigraphy consists
of an A-Bw soil overlying a buried Pleistocene or early Holocene Btb1-Btkbl soil
outside the structure, and an A-Bw1(?)-Bw2(?) profile overlying the buried soil inside the
structure (Figure 10). The Bw2 horizon inside the structure contains disseminated
charcoal and tuff clasts below the level of the bottom of the roomblock walls, providing
evidence for an earlier period of occupation at this site.

The field house was constructed utilizing dacite and tuff blocks and slabs, with two large
Bandelier Tuff slabs used to construct most of the west wall (Figure 9). The dacite was
likely obtained from the local Qt2 terrace gravels, and the tuff may have been obtained
from outcropsin a nearby drainage to the east. The slabs are set into atrench dug into the
Bw, Btb1 and Btkb1 horizons (Figure 10). Sherds were observed in the clayey fill in the
trench, providing additional evidence that the structure was built on top of an older site.
The top of the Btb1 horizon (outside the structure) and the top of the Btkb1 horizon
(inside the structure) is the likely occupation surface for the first occupation of this site.
The second period of construction appears to have recycled clasts from the earlier
construction phase, and built on top of old fill. The top of the Bw2 horizon inside the
structure constitutes the likely occupation surface for the latest occupation at this site.
Outside the structure the relations are less clear. The occupation surface for the inferred
first occupation at this site was likely at the top of the Btb1 horizon, and for the | atest
occupation could have been at this level but, based on the shallow trench fill next to the
slab that appears to extend through the Bw horizon, was likely the top of the Bw horizon.
Total deposition outside the structure since initial occupation was about 19 cm, and since
the latest occupation may have been as little as 7 cm.

LA 86605 is buried by slopewash colluvium and reworked eolian fine sand, but did not
exhibit extensive erosion and appears to be in good archaeological context. The Bw
horizon that buries this site is reddened and has a hard consistence, suggesting a
relatively older site age for the first occupation, whereas the thin A horizon burying the
likely occupation surface at the top of the Bw horizon suggests arelatively young age for
the second occupation. The soils and related stratigraphy are therefore consistent with LA
85404 having an earlier, Coalition period occupation and a later, likely Classic period
occupation.
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LA 87430 (Field house)

LA 87430 consists of afield house with an external hearth situated on the north edge of a
Qt5 terrace overlooking the Rendija Canyon stream channel (Figure 11). The structure
measures approximately 1.85 m north-south by 2.1 m east-west (inside dimensions), or
2.4 m north-south by 2.4 to 2.8 m east-west (outside dimensions), situated with the short
axis of the structure oriented N20°E, and contains an opening facing east-southeast
(Figure 10). Soilswere described in one test pit at the site, located 2 m east of the east
side of the field house (Figure 11; Table 1). Site stratigraphy consists of an A-Bw soil
overlying a buried mid Holocene Btb1 horizon (Figure 11; Table 1).

The field house was constructed primarily from dacite blocks, with some tuff blocks also
utilized. The occupation surface at the site is on, or just above the top of the Btb1 horizon
(Figure 11). Rocksfor wall construction were either set on top of, or in some cases were
set into a shallow trench into the Btb1 horizon (Figure 11). The site has been subject to
some erosion on the north side and deposition on the south side of the structure. LA
87430 is buried by aweakly developed soil in acolluvia deposit that is 18 cm thick
where described. The soils data and related stratigraphy are suggestive of a Classic period
age for LA 87430. Although built on the edge of the terrace above a steep stream bank,
the walls appeared to be relatively well preserved and the siteislikely in good
archaeological context.

LA 127627 (Field house)

LA 127627 consists of afield house situated on a northwest-facing slope below the Qt2
terrace surface (Figure 1). The structure measures approximately1.9 m by 1.7 m (inside
dimensions), or 2.3 m by 2.1 m (outside dimensions), situated with the long axis of the
structure oriented approximately N40°W, and contains an opening in the northeast corner
(Figure 12). Soilswere described in one test pit at the site, located 0.5 m east of the east
corner of the field house (Figures 12 and 13; Table 1). Site stratigraphy consists of an A-
Bw soil overlying a buried Pleistocene Btbl soil (Figure 12; Table 1).

The field house was constructed primarily from dacite blocks, presumably obtained from
the Qt2 terrace deposit. Some in situ dacite boulders were utilized for field house
construction, as evidence by the presence of clay films on the lower half of the boulders
(Figure 12). The LA 127627 structure was constructed on a slope, and the floor appears
to have been leveled by cutting into the slope above and filling on the downslope side of
the field house. The occupation surface at the site is the top of the Bt1bl horizon
(Figures12 and 13). LA 127627 isburied by arelatively weakly developed soil ina
colluvial deposit, but the Bw horizon has a hard consistence. Post-occupation colluvial
deposits are 21 cm thick at the described profile near the east wall. The soils data and
related stratigraphy are suggestive of a Classic period or possibly Coalition period age for
LA 127627. The site has been subject to some erosion and transport of wall blocks as
part of the colluvium but still hasrelatively intact walls, and site preservation has been
aided by colluvial deposition. The siteisin poor to moderate archaeological context.
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LA 127633 (Storage bin)

LA 127633 consists of a slab-lined storage bin on a sloping, south-southeast-facing
colluvial hillslope that may be graded to the middle to late Holocene Qt7 terrace. The
storage bin islocated near the top of a 25° hillslope below aridge spur. Thissmall
structure measures approximately 1.0 m by 0.7 m (inside dimensions), or 1.3mby 1 m
(outside dimensions), situated with the long axis of the structure oriented N77°E (Figure
14). Soilswere described in two test pits at the site; profile 127633-1 was described
several meters southwest of the structure and profile 127633-2 was described outside of
the west wall of the structure (Figure 14; Table 1). Site stratigraphy consists of an A-BC
or A-BC-C soil overlying aburied middle(?) Holocene Bw or Btjbl soil (Figure 14;
Table 1).

The storage bin was constructed utilizing dacite slabs and tuff blocks (Figure 14). The
dacite slabs were likely obtained from a dacite outcrop located a short distance up-slope
from the site. The slabs were set into ayoung aggrading colluvial deposit, with some
additional burial of the slabs occurring after construction of the storage bin. The likely
occupation surface at LA 127633 is within the upper part or at the top of the BC horizon.
The dark staining on the slabs (see Figure 14) was caused by subsurface weathering and
suggests a greater than historic age for this structure. The dark staining may indicate
burial of the structure soon after abandonment, or may have occurred subsequent to the
dlabs having been emplaced in the subsurface. If the slabs were emplaced in the
subsurface, the storage bin only experienced partial buria in the last 100 years. The
weak soil development both above and below the structure indicates alikely Classic
period age. The upper 5to 10 cm of colluvium buries asmall (17-cm diameter)
ponderosa pine with an estimated age of less than 100 years, indicating 5 to 10 cm of
post-AD 1900 colluvial deposition at the site. This approximately corresponds to the
thickness of the A horizon and of the “no lichen” band on the slabs (Figure 14),
indicating that the A horizon formed in very young colluvium and that the staining likely
requires more than 100 years for formation.

The siteisrelatively steep and has been subject to some erosion and downslope transport
of archaeological materials, including several dacite slabs as part of the colluvium. The
site istherefore in moderate to poor archaeological context.

LA 127634 (Field house)

LA 127634 consists of afield house situated on a south-facing Qct or Qbog hillslope
(Figure 1). The structure measures approximately 2.5 m east-west by 1.8 m north-south
(inside dimensions), or 3 m east-west by 2 m north-south (outside dimensions), contains a
south-facing entryway and a hearth in the southeast corner (Figure 15). Soilswere
described in one test pit at the site, located 2 m west of the northwest corner of the field
house (Figure 15; Table 1). Site stratigraphy consists of an A horizon overlying a buried
late Pleistocene or Holocene Btkbl soil (Figure 15; Table 1). The Btkbl horizonis
developed in athin colluvial deposit overlying a Qct or Qbog pumice deposit.
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The field house was constructed from a mixture of dacite and tuff blocks. The occupation
surface at the site is a prepared clay floor constructed on top of the Btkb1 horizon (Figure
15). LA 127634 isburied by athin, weakly developed soil in acolluvial deposit, with
only an A horizon. Post-occupation colluvial deposits are 6 cm thick at the described
profile 2 m west of the west wall. The soils data and related stratigraphy are consistent
with aClassic period age for LA 127634. Thesiteisburied by athin colluvial deposit
and is not extensively eroded, and therefore appearsto bein relatively good
archaeological context.

LA 127635 (Field house)

LA 127635 consists of afield house situated on a colluvial wedge on the back (south)
side of a pre-Qt6 terrace remnant on the north side of Rendija Canyon (Figure 1). The
terrace remnant buried by colluvium forms a small spur between drainages. The structure
measures approximately 3 m east-west by 2 m north-south (outside dimensions), situated
with the long axis of the structure oriented approximately N75°E, and contains an
opening facing east-northeast (Figure 16). A hearth islocated adjacent to the north wall,
on the inside of the structure. Soils were described in one test pit at the site, located 0.5
m east of the east side of the field house. Site stratigraphy consists of an A-Bw soil
overlying a buried mid to late Holocene Bwb1-Bkbl soil (Figure 16; Table 1).

The field house was constructed from Bandelier tuff blocks. The occupation surface at
the site is the top of the Bwb1 horizon (Figure 16). LA 127635 is buried by a weakly
developed colluvial soil with an A-Bw profile that includes wall fall in the deposit. Post-
occupation colluvial deposits are 19 cm thick at the described profile near the east wall.
The soils data and related stratigraphy are suggestive of a Classic period or Coalition
period age for LA 127635. The walls are well preserved and colluvial deposition has
aided site preservation, and the siteis likely in good archaeological context.

LA 135291 (Field house)

LA 135291 consists of afield house situated on a north-facing slope below the top of the
Qt2 terrace (Figure 1). The structure measures approximately 2.8 m east-west by 1.7 m
north-south (inside dimensions), or 3.3 m east-west by 2.3 m north-south (outside
dimensions). A possible feature islocated in the northeast corner of the structure. Soils
were described in one test pit at the site, located 1.6 m east of the east side of the field
house. Site stratigraphy consists of an A-Bw soil overlying aburied Pleistocene Btbl
soil (Figure 17; Table 1).

The field house was constructed predominantly from Tschicoma dacite blocks, with a
few Bandelier tuff blocks set on top of the Btb1 horizon. The occupation surface at the
siteisthe top of the Btb1 horizon (Figure 17). LA 135291 isburied by slopewash
colluvium and/or an eolian deposit, measuring 11 cm thick where described. This deposit
has a weakly developed soil with an A-Bw profile with artifacts including biscuitware
ceramics. The soils data and related stratigraphy are consistent a Classic period age for
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LA 135291. With the exception of afew blocks scattered across the surface, the walls
are well preserved, and the site isin moderate to good archaeological context.

LA 135292 (Field house)

LA 135292 consists of afield house situated on the gently northeast-sloping Qt2 terrace
surface (Figure 1). The two remaining wall segments of the partially intact structure
measure approximately 1.8 m north-south by 1.8 m east-west (Figure 18). The structure
appears to have been partially disturbed by machinery. Soils were described in two test
pits at the site; profile 135292-1 was described 1.3 m west of the west wall of the field
house and profile 135292-2 was described inside the structure (Figure 18; Table 1). Site
stratigraphy consists of arelatively thick A-Bw1-Bw2 soil overlying a buried Pleistocene
Btb1-Bkbl soil (Figure 18). The upper soil isformed in eolian and reworked eolian silty
loam mixed with slopewash colluvium, and is 44 cm thick where described.

The field house was constructed from dacite blocks that appear to have been set on top of
the Bw1 horizon (Figure 18). The top of the Bw1 horizon, which is similar to the post-
Coalition deposits observed at the Airport and White Rock tract sites (Drakos and
Reneau, 2003 and 2004), is the likely occupation surface. The siteis buried by the A
horizon deposit that is mounded inside the structure, and is 14 cm thick where described
(Figure 18; Table 1). The soilsand related stratigraphy are consistent with a Classic
period age for LA 135292. Due to apparent disturbance of the north and east walls of the
site, LA 135292 isin moderate to poor archaeological context.

TRACT SUMMARY

Sites investigated within the western Rendija Canyon tract during the 2004 field season include
eleven field house sites and one storage bin. Eight of the sites were located on top of or on the
side of well-developed Rendija Canyon stream terraces, including Qt1, Qt2, and Qt5 (Table 2).
Sites were located both on relatively flat terrace surfaces (the tread) and on hillslopes below
terrace surfaces (on terrace risers). Two sites were located on colluvial hillslopes overlying Qct
or Qbog bedrock (Table 2). Two sites, including the Cabra Canyon site, were located on
colluvial slopes overlying small terrace remnants (Table 2; Figure 1). All sites have experienced
some deposition of eolian sediment and/or colluvium since abandonment, which has aided site
preservation. The evidence for net deposition at these sites is consistent with evidence from most
other Coalition and Classic period sites examined within the land transfer tracts (Drakos and
Reneau, 2003, 2004). Although thereis also evidence for erosion at some sites, particularly on
the steeper slopes, the apparent predominance of deposition has created conditions of relatively
good site preservation.

The field houses were constructed utilizing Tschicoma dacite blocks likely obtained from the
terrace deposits, and Bandelier Tuff blocks and slabs likely obtained from nearby colluvial
deposits or outcrops, possibly in part from surrounding mesas. Inindividual field houses, some
were constructed predominantly or solely utilizing one lithology of building materials, whereas
other field houses utilized a mixture of lithologies (Table 3). The storage bin (LA 127633) was
constructed from dacite slabs probably obtained from a nearby Tschicoma dacite outcrop, and

10
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Bandelier Tuff blocks. Clear relationships between type of building material, relative site age,
and/or geomorphic position were not observed.

Based on soil stratigraphy of deposits burying the twelve sites investigated during the 2004 field
season and comparison with soils described at Coalition and Classic period sitesin the

Airport and White Rock tracts (Drakos and Reneau, 2003; 2004), the field houses in the western
Rendija Canyon tract may have been constructed from Coalition through Classic period time.
Soil characteristics and depth of burial of the sites are used to provide relative age estimates of
the 2004 field season sites (Table 2). Sites overlain by thin soils with only an A horizon or A-
BC horizon development, including LA 127633, LA 127634, LA 135292, and LA 86605 (second
occupation) appear to be the youngest sitesinvestigated (relative age = 1 in Table 2) and based
on soil characteristics are Classic period sites. Sites overlain by slightly thicker soils, typicaly
with A-Bw horizon development, including LA 15116, LA 87430, LA 127627, LA 127635, and
LA 135291 appear to be intermediate in age (relative age = 2 in Table 2) of the sitesinvestigated.
The intermediate-age sites are likely Classic period sites, athough soils data do not preclude a
Coalition period age. Sites overlain by thicker soilswith A-Bw1-Bw2 profiles, or A-Bw profiles
with reddened or hardened Bw horizons, including LA 70025, LA 85404, LA 86605 (first
occupation) are inferred to be the oldest sites investigated (relative age=3in Table 2). Soil
characteristics suggest that the “ oldest” -age sites are Coalition period sites, although soils data do
not preclude a Classic period age. One site, LA 85403, may be grouped with the youngest,
Classic period sitesif the top of the Bw horizon is the occupation surface, or is one of the older,
Coalition period sitesiif the top of the Bwb1 horizon is the occupation surface. The soil and
geomorphic evidence suggests that LA 85403 is one of the younger, Classic period sites.

The orientation of field house structures can be related to geomorphic position. Where building
sites are relatively flat, expansive surfaces, structures are oriented with walls aligned along
north-south and east-west axes, and if openings are present have east-facing doorways (Table 3).
These sitesinclude LA 85403, LA 86605, LA 135291, LA135292, and possibly LA 85404.
Where building sites are located on hillslopes, the structure istypically oriented perpendicular to
the hillslope (Table 3). Doorways, if present, generally face down-slope. Structures built on
hillslopes with walls shifted off of a north-south/east-west axisinclude LA 127627 and LA
127633; structures built on north- or south-facing hillslopes with walls aligned on a north-
south/east-west axisinclude LA 15116 and LA 127634. In other cases, structures are built to fit
on small terrace remnants or ridge spurs, and are rotated off of a north-south/east-west axis.
These field houses include LA 70025, LA 87430, and LA 127635 (Table 3).

11
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CONCLUSIONS

Archaeological sitesinvestigated within the western Rendija Canyon tract during the 2004 field
season were located on Rendija Canyon terraces, including Qt1, Qt2, and Qt5, on hillslopes
below terrace surfaces, and on colluvia hillslopes overlying either Qct bedrock or fluvial terrace
deposits. With the exception of sites located on steep hillslopes or narrow ridge tops, and one
site (LA 135292) that has been subject to surface disturbance, sites investigated during the 2004
field season were in relatively good archaeological context due in part to net deposition of eolian
sediment or colluvium since abandonment. The field houses were constructed utilizing
Tschicoma dacite blocks likely obtained from the terrace deposits, and Bandelier tuff blocks and
slabs likely obtained from nearby colluvial deposits or outcrops, and possibly in part from
surrounding mesas. Tschicoma dacite slabs were less commonly used.

Sail stratigraphic data suggest the field houses in the western Rendija Canyon tract were
constructed from Coalition through Classic period time. Sites overlain by thin soils with only an
A horizon or A-BC horizon development appear to be the youngest sites investigated and based
on soil characteristics are Classic period sites. Sites overlain by slightly thicker soils, typically
with A-Bw horizon development, appear to be intermediate in age and are likely Classic period
sites, although soils data do not preclude a Coalition period age. Sites overlain by thicker soils
with A-Bw1-Bw2 profiles, or A-Bw profiles with reddened or hardened Bw horizons appear to
be the oldest sites investigated and may be Coalition period sites, although soils data do not
preclude a Classic period age.

The orientation of field house structures can be related to geomorphic position. Where building
sites are relatively flat, expansive surfaces, structures are oriented with walls aligned along
north-south and east-west axes, and if openings are present have east-facing doorways. Where
building sites are located on hillslopes, the structure is typically oriented perpendicular to the
hillslope. Doorways, if present, generally face down-slope. In other cases, structures are built to
fit on small terrace remnants or ridge spurs, and may be oriented off of a north-south/east-west
axisto fit on a particular geomorphic surface.
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Figure 5. Photograph of LA 85403 looking west showing cross section and soil description locations.
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Figure 8. Photographs showing fieldhouse constructed of large dacite
boulders, archaeologists for scale (top) and soil stratigraphy at 85404-2
(102.6 N, 100E) (bottom), LA 85404.




Photograph of LA 86605 during excavation. Note Qbt slabs, opening in structure facing east.
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Figure 13. Photographs showing soil stratigraphy (top) and soil pit
adjacent to wall blocks (bottom), LA 127627. View looking south.




127633-2

—

£ 50
L
< 60
o 2
3 t@:c'amlng a 70

(Sand and
I1C  angular dacite Qc)

Photo showing excavated upright dacite slabs
and cross section line, LA 127633 No Vertical Exaggeration

10
20
30
= 40
50
60
70
80
920
100
110
120
130

Depth (cm)

127633-2 X

1
Scale (meters)

un
- S
\0O° ‘ . [

Approximate Location OO\N(\S‘ oy Dacite slabs e e

127633-1 5\@6\ transported
X down hillslope
N
o o5 1 15 2

Lithologic Key
Qbt - Bandelier Tuff

Tt - Tschicoma Dacite

Scale (meters)

Figure 14. Schematic site map (plan view, bottom) and cross section (top), LA 127633.




A A'

West East
o % A (young Qc) G - 0
r T < T - T - T |

- T L
=1 Btkb1 (Pleistocene(?) 10
§ 20- . = 20
= - - = < - — < colluvium)
é} 307 Qct or Qbog with D L
40— CaCO3 cement — 40
50 50
Vertical Exaggeration = 2 x
Photo showing soil stratigraphy at location 127634-1
Downslope
direction . Scale (meters).
A 1276341 0 0.5 1 15 2 25 3

Wall blocks are Tschicoma dacite
and Bandelier tuff

1
Scale (meters)

hearth

Figure 15. Schematic site map (plan view, bottom) and cross section (top), LA 127634.




127635-1

A Wall Block

Depth (cm)

Horizontal Scale (meters)

5 T T T 0:5 T T T i

No vertical exaggeration

(si219W) 3|edS

Sl

approximate

.. location of hearth @@
Rt
gﬁ % 127635-1

1 |
| A}Q A

) CEE
()
T

S0

Lithologic Key
Qbt - Bandelier Tuff

Tt- Tschicoma Dacite

S'C

Figure 16. Schematic site map (plan view, bottom) and cross section (top), LA 127635.




A wall block

135291-1

Figure 17. Schematic site map (plan view, bottom) and cross section (top), LA 135291.

B
S
<
o
(O]
a
No vertical exaggeration
N
Scale (meters)
o 05 1 15 2 25 35
O-
o possible
feature
W Wall blocks are predominantly (hearth?)
& - Tschicoma dacite, with few
3 Bandelier tuff blocks
CEN
N
135291-1
\ A
S —¢a
N |
()]




West East

Depth (cm)
Depth (cm)

70 Btkb1
80

Vertical Exaggeration = 2 x

1.5

Scale (meters)

135292-1 135292-2
A 222 -

AI
A

05

Scale (meters)

o o5 1 15 2

Lithologic Key
Qbt - Bandelier Tuff

Tt - Tschicoma Dacite

Figure 18. Schematic site map (plan view, bottom) and cross section (top), LA 135292.




GLORIETA GEOSCIENCE, INC.

TABLES



GLORIETA GEOSCIENCE, INC.

(¢)110s §10 “uonednado-oxd 9 - auou odiqu| sd'ss 0s Aqswg 198 7/SAA0T P/PAAOT S 181 [Cikd
uonednooo-jsod|  (;s1£ 009>) se - ouou ou sdos 0s Aqswig-| 18 [ €/PAA01 01-§ 81-9
UOZLIOY PALING|  JUIIO[OH BT se - uou ‘o'u sdos 0]-08 yqsw | s 1/T4A01 T/SIA0] (S 9-0
(MO1Y} 9313) puEs 9S00] + Jopew dluedio 0-22+
T-0Ev/8 (v00z ‘Z Jequiedeq) 84niNJ3s J0 3 wg'T '3520T ‘NZOT ‘GO J0 8bpe yiiou ssnoy pely 935 9Kse|D (¢)eTe| 0321PPIIN ‘T-0E7.8 V1
19ondg AU20[0H 1 +(St-0t) eng
ssyuowreriy snd saoey pad uo s3uneoo coOe)| ALIeH/0U00)SId[d
Ae]
pauappar se - auou ou sdss s qswig 1s €/€AAS'L €/PAASL'S 01-S | Sroro ng
Apaed ‘[ros pavyeq sapnjout K[qissod ‘(;1ey| (5814 008>)
[1em) [oAeI3 9z1s 9]qqad 0} 9[NUBI3 pue SISL[d|  SUGIO[OH e
190 PeIaNeds ‘INoySnoIy) PaIa)eos [BodIRyd
b v
e 44N jo dol mopq wo o "xoidde mg Jo aseq ‘Bussiw mg Jo 1red seddn pue uoziioy Vv ‘|fem 1S9Mm Jo J w 0 "x0Jdde ‘91n3on Jis woo J-T apsul paq1iosap 3110 Id
2-50998 (7002 ‘vz ®unc) Z3O Jo sep|noys huidoss-ises Bsnoy pply ‘B3s (¢) I8Se|D 10 UoIHIeOD 260998 V1
QU30[OH +€67S 19epd
SJuWIR[Ly ODBD AUWOS | AL /oUdd03s10]d - I -0 oduy sd'ss qa dqewg s PPIAS'L P/SUAS'L = +05-S€ 19ng
3qsuwig-g 03 Sunyeaiq 1dg e $ - auou Jdigodug dss [ AqeyE-T Iis SEEUASL | P/ISUASL > SE-61 1ad
SOIYII pue SPIdYSs sopnjout M - auou ou sd'ss q yqsug s €/€AASL PAIAS'L [ 61-L X
(¢ 19mg) wnianjod ysemadoys t1qoduy ajqrssod (¢s1K 008>)
puvs ouy Kioa|  2UOCIOH AT se - auou ou od‘os ys-0s qswz-| B SE/CIAOL | p/PAAOL s L0 v
IleM 159M JO M W G'0 =3]1§oid Jemo| {(wd Zz-0) |fem 19m Jo (A WT'T =3(1jod Jeddn
1-50998 (¥00Z ‘vz aunr) 210 Jo Jep|noys Buidofs-Ises ‘asnoy pply ‘Al (¢) 98se[D 10 UoNIeoD T-50998 V1
UOZLIOY JSI0W ] 2udd0IsIo|d - - ouou T ydigodooxug ds q Mqswg 1s Y/IEAAS L P/CIAS L 08-0L +0rCl [
U0Z1I0Y 1 WOy pA[dAdal ‘(swyy Aejo/m Me - uou ‘o'u od‘os 0s yqswig-| s €/€AA0T €/PAA0T oy 719 mg
S[OARIS PYIOMAI) S)SB]D U0 STureod Ae[o awos (s34 008>)
QUA00[0H e — -
istow d[yoid se - suou ou od‘os 0s 1BJT-1 s €/EA0T €/SIAO0T 0C 9-0 \4
2-¥0vs8 (¥00z ‘0€ "1d8S) 00T ‘N9'20T ‘8SNOUPRY O M LUG'T 3eIns TIO Jo adofs Buidey-3 ‘ssnoy pply polsed (¢) 21sse|d 10 UonifeoD Z-40vS8 V1
BuLIEdq [EOIIEYD ‘108 - - suou (¢spad od’ss y-ys qswg 108 €/€dA01 €/SHAO0T 0T +0€-1T wy
I0OMAT
10p]0 Jo Suryromai/uoneredard 100[ 9[qIssoq (574 008>) p OM - )
SHR00IOH e 9 - auou o'u od‘os 0s AqsIT Is €/€4A01 €/SAA0T 0€ 126 mg
se - auou ou od‘os 0s 1Beyqsw| Is [ €/PAA01 0€-0C 670 v
T-¥0vS8 (¥002 ‘Tz "1d9S) 20T ‘NFOT ‘Ssnoypljapisul :80eyns T10 Jo adogs Buioey-3 ‘ssnoy pply pol.d (¢) 98se[O Jo UoNIfeoD ‘T-40rS8 V1
(PUAD0[OH - - suou 1qug-1 dss q Jqswig a1s VIVIAS'L SIVIAS'L 0TST +08-S¢ pd
aroqe uondiidsap [qmg 99s [[em Mo[ag PUN-AlIeg se SE-0€ 1qmg
2-€0vS8 (002 ‘9Z "100) 35'90T ‘N8'FOT ‘|[eM "M\ MOq ‘©InJoNJis apssul ‘93s polled (¢) osse|D 10 uoileoD ‘2-e0vS8 V1
UBI[03 ‘SUB)[IS JWOS - - suou o sd'ss y-ys Aqswig s V/ICdAS'L SIVIAS'L 4 +0€-TC 19mg
;uonednado-1sod “uerjod IS (zs1£ 008>) me - suou ‘ou sd'ss 0s qswg s €/CUASL'8 P/CAASL'8 54 6 Mg
[¢A3p €/SMA01] UOZLIOY ISIO]|  QUIDO[OH 18T s - suou o od‘os 0[-08 AQsIT s €/E4A0T P/€JAOT 01 670 \4
T-€0vS8 (#00Z '9Z "1O) IS0T ‘N80T ‘[[em JO M W'T ‘gN|D S,Uews1iods Jo 1sem s0e4ns 1O Uo ‘ssnoy pply poted (¢) osse|d 1o uoiieod ‘T-60v58 V1
(PUIO0[0H - - suou ‘ou sd'ss 0s qswg 11s P/EAA0T PITAAOL 1> +05-0% od
uorednodo-a1d QET-PIA SO - suou 1quy sd'ss us Aqsjc 198 S'E/€dA0T Y/SIAOT ST 0t-6C 190G
=0_usaﬂoooémom ) S0 - uou o'u sd‘ss os jqswg 198 C/CIAOT [%2:PN0]1 S [Yomdt wg
(¢s:£ 008>) s - suou ou sd’os 0s Aqswg-1 s €/E€dA0T €/PIAO0T > 1489 mg
QUA00[OH BT — .
20 se - suou ou od‘os ol w sl €/€dA0L €/SUA0L 4 $-0 v
(¥00z ‘€ loqUS39Q) 39°TOT ‘NOOT ‘|leM JO M Wz ‘3Bp! (¢)10 Jon0 20 Passip Uo ‘ssnoy pply polsed (¢) UonifeoD Jo isse|d ‘T-GZ00L V1
51190 10 0qQ) 1N} POP[OMUOU YSHIYM +07 $990
Suiredq|  (aud00[0H ne - auou 0dug-| od‘os 0s Aqswg S| Y/IEAAS L PISAASL 07-0€ 0r-0T [T
[2OOIRYD [10S 19P[O JO SUBYIOMAI 9[qISSOJ PIN-AJeq
921n0s 0qQ) PAIAYIBIM WOIJ PIALIDP se - uou o'u od‘os os yqswi-jz S| CPIA0L €/99A01 0z 0201 mg
Kjqissod “oorund uowuods opnjoul S[ARID) (51£00L>)
QUA00[OH BT — .
118 [[EA% POLIQJUL “SISE[O d)IOEP SOPN[OU] se - auou ou od‘os 0[-08 qqsw | s[ [ €/SUA01 07-0€ 01-0 v
T-9TIST (002 ‘9 AInr) 8snoy pp1 J0 8PS 159M JO "M W T :99e4Ins 21O Mofpd ados Buioe)-N ‘ssnoyppl 91 polsed (¢) 9selD ‘T-9TTST V1
S910N (dg #9|joid | Arepunog afeis | €0oed | sue(ifly 20w B ainpniS | ainpel (X111 IN) (x117e IN) (%) (wo) uoziioH
s.eaf) erewis3 uozlIoH £02eD -lSKU0D | -ISU0D J0j0Q BIOW | JojoD Aig prelo yideq
aby Areulwipid MO BM Aia

‘nNeauay andls pue soxeid [ned Ag paguosap S|IoS "UOSEas p|aly ¥00Z ‘SalIS Jajsuel) pue| uokue) elipuay Je ABojoydiow |10 jo Arewwns ‘T ajqeL




GLORIETA GEOSCIENCE, INC.

12AS] [leM MORE | ({814 008>) - - auou ou sdos 08 Aqswiz-1 [ £/€9A01 P/PAAOL T [ +9est | Img
11 WOoy|  dud00[OH ] se - auou ou sd‘os s 1Bz Iis €/€4A01 €/SPAAOL 0€-07 | 80 | v
WD 0E-0 ‘SO 8D + 01y T
T-2625€T (¥00g ‘2 "1deS) 38'TOT ‘NEOT ‘24n1dN s 9psul ‘asnoy pply ‘a1 poted asse(d 2-262SET V1
stouojut pad ut pue sadey pad uo sjuawre[y - i B Jdigododup-¢ dss [] qeo-wig 1S S/STIASL | E/€AASL o1 +0L-19 1apg
juepunqe :sodej pad uo sFu1Los SNONUHUOISIP QUIV0ISIAJ
((P0) SIPARIS 7)) A0QE [10S PAIRQINI0Iq me - auou jdooarqug sd'ss us Jqswg 1S €/VIASL'S | V/PUASL'S S1-01 19-v1 Qg
wniAnj[od ysemadols Mme - uou ‘o'u sd‘ss os jyqsw | s $/CIA0] /S CIA0T z H-0€ wmg
amonns 1apun sy0fo1d uozioy (¢51£008>) s§ - suou ‘o'u sd‘os ys-0s yqswig-| 11s €/€AA0T PPAAO0L ST 0€-t1 Mg
Ajquinio ‘sproroyds jo opewr A[uowod spaq OUOIOH 2] se - uou ‘o'u sd‘os ys-os 1817 118 €/CIA01 CPIA0L S +1-0 v
WD 0E-0 ‘SO JBD + SOy T
T-262GET (v00z ‘2 1dS) TOT3 ‘E0TN ‘SNoYpp1 JO *M W E'T 20 ysemedos Aq ure|jono adeLns 21O Je|4 Uo ‘asnoy pply ‘a1 poted asse(d ‘T-262S5ET V1
19 B 001< B 001 < - - auou 0d21qodydyg d's q idyg o8 T/EAA0L €/EUAS'L 0€¢ +0€-11 Tog
SOIIBIOD AIBMIINISIQ SUIPNOUT S)OBJT)IE SUTBIUO)) (2535 008>) me - auou ‘ou sd‘os 0s Jqswi-Jz-1 18 TSIA0T P/CIA0] 01-S 11-v mg
Sk 9pUBID) 0113)) SUIeuod K[qIssoq UI0I0H ¥ SO - uou ‘ou sd‘os 0]-08 Nqsy1 18 TS TIAOL €/€AA0T 01-S -0 v
T-625€T (¥002 ‘92 '10) 35°90T ‘NYOT ‘IleM J0 "3 W9'T =T 3|§01d ‘1g en0ad + 20 uly} ‘adoss "N ‘210 91 pored (¢) 9sse|d ‘T-T625€T V1
SIOLIdIUT pue $908) pad U0 UOWIWOD SJUSWIR[L) QUA00[OH - 1 S ‘o'u sd'ss ya-y jqso-wg 198 S/PIASL'S Y/ISUASL'S 01-S +Eh-€€ 19399
s uonednooo Ay =dor| sy 01 pIN Mme - auou ou sdss s Jqsug S E//UASL'S | P/SUASLS T €661 1amg
118 [[eA A winiang[od uonedndoo-jsod|  (;s1k 008>) R - auou ou od‘os s Aqswz-| Is €/€4A01 SE/SUAOL 0201 61-L ng
uonednooso-1sod ‘wnianjoo 3unok|  ousdsojoy o1eT nme - Juou ‘ou od‘os o] w B €/SIA0T €/SUA0T 0z L0 A
T-G89/2T (¥00z ‘2 "1deS) 320T ‘NZ'#0T ‘Ifem 3 4O "3 W G'0 ‘90e.1J8} 910-0.4d J0 apsyoeg aY1 U0 aBpam 20 Uo palenis asnoy pply 81 polld 98se|D ‘T-GE9/eT V1
€00BD/M 5090 10 100 +9¢-€7] €Ol
S3UNEO0| ;AUA00ISIAL] AT me B - 1qug sd'ss ys-0s qqsw-jg [ES PIAS'L 9HIAS'L 0r-0¢€ €09 epg
€0DEB)D SNONUNUOISIP “WNIAN[0I ((,)AUI0ISIAJ
uornedndso-jsod ‘wnianjoo Sunok ({815 009>) m3 - Juou ‘ou od‘os o] w S| €/CIA0T €/SIA0T 0Z2-01 9-0 v
QUAO0[OH ']
T-Z6¢SET (¥00Z ‘2 1deS) ‘Ifem Jo "M Wi Z 20 ysemedos ados||iy BogQd 4o 100 Lo ‘TOxig UO 1S Y1Jeay Y1ImMaINnjon 1S Woo J-8uo ‘93 poled osse|d ‘T-v€9.2T V1
[oABIT - - auou o od°os of w S[ PIAS'L S/PAAS'L 0€-0C | +011-€8 19811l
aoep %,0¢ ‘dorund 940, ¢ SWI AB]O YIIM | QUIO[OH e T-PIA
PadI0OMAI dwos “YorI-ao1und {490 PIALIIP-190)
1oA®IS 9)1oep Ie[n3ue pue pues me - uou ‘o'u od‘os o[ 3s N CPIAOL /S PIAOL 0t-0€ €8-96 oIl
20 you-vo1wnd s3 - auou ou od‘os o w B E/PAASL'S | €/SUASL'S 54 95-01 od
(Sua00[0H 91eT) SunoA fuozuoy D 3]qissod | auad0[oH 1 T-PIA
20 ouo)sty uondridsap 10y [ d[yoid 29s (udzoiy 01-0 v
2-€89.2T (¥00Z ‘T2 Joquiadeq) a.nyeay O 3PS 159M ‘¢ 100 BulA|eA0 90 adoss Buidey-3S ‘91njes) peul| qelsS '2-€€9/¢T V1
20 1op[o - - auou oou| sdss 0s qswg Is SEMAASL | V/SUASL 0€-0T +0LLS 1abg
QUIO0[OH B T-PIA
00 Qud0[OH e[| (481K 009>) me - auou o' od'os 0[-08 w-qsy T ST P/SAA0T €/94A0T 0€-0T LSS o4
2Ua20[0H aje] $ - auou ou jod‘os of w s[ €/€4A01 €/SUA01 0€ 0 v
T-€€9/2T (7002 ‘0g "1des) 8155 (Jo MS) Mojeq 8|1joud ios adofs| iy ‘¢100 BulA|eno o ados Buey-3S ‘@ 1njes) peul| qels ‘T-€£9.¢T V11
2IMX3) dIBUIA[E ST PUEs KoAB]D) - - ouou [ iqodooyw-ug [ od'ss q NAsJT [E5 P/SAAS'L SHIASL 09 +TL-8Y 1904
(PUR00ISIId 20T © - auou 1qodooug sd'ss q stz 108 VEIASL | WPNASL 34 8b-1¢ 1ang
sueis| - (¢s1K 008>) me - auou ou od'os q qswig 1S €/€4A0T €/SPAAOT 0€-0T 3 X
[202JRYD pUE [SE OPURID) OLID)) SUIBIUO)) |  JUIDO[OH BT nme - Juou ‘ou sdos 0[-08 yqsw| Is S TIAOL €/SAA0L 0Z-01 S-0 \
T-/29/2T (7002 ‘9 AInr) asnoypp1y Jo JeuJod (dosdn) IS Jo IS ‘9deyuns 21O Mopg ados Buide)-N ‘ssnoy pply ‘91s polad dKse|D Jo UoIfeoD 'T-29/¢T V11

uou

‘ou

sd'ss

os

AsWT

[ES |

SE/EJAO0T

Y/VIAOL

o>

[ +s 1y ]

1904

‘nNeauay andls pue soxeid [ned Ag paguosap S|IoS "UOSEas p|aly ¥00Z ‘SalIS Jajsuel) pue| uokue) elipuay Je ABojoydiow |10 jo Arewwns ‘T ajqeL




GLORIETA GEOSCIENCE, INC.

S1S 9l PR Pl lisg

"uosess pRl #00g ‘S1s Jojsuel) pue| UoAueD elipuay uisisam ‘sarewnse afie oAl Pl pue Arewwns a11s asnoy ppid Zaldel

(uozuoy v) T o0 ysemedols MW ET WO T 8¢ 610 B0 2D TMg usemadols’  Z62GET V11
91j01d |10S UOITRAND00-1S0d Meam uo paseq pa.ejul abe BunoA Ag ur A0 83 Ns 21O B[ UO 20 ‘uozLoy vy
doj g0 8 USH U0 €r)ee a%elns 210 Joabpe JW QT WO TT LT BOTNg  80+20 s Mg-Y  T6ZSET V1
J10s uorednado-1sod uiy Aq paisebbns afie BunoA ApAairpl jo uo/mo g adojs Buide)-yLoN
Ajigssod 9)1joid mg-y uo paseq palioul abie areipaw.ielul
uoz1oy Mg JO 0USISISUOD ) e ée azeuelgIDe)d  JWGO ‘Wo6T 6¢C 20 ‘1amg Ies IeM  GE9/ZT V1
Aip prey Apybis Aq parsabbins afe pjo ApAirel Jo 10 9p s »eq uo abpam a0 U0 +90 !|l0s mg-v
Anpgsssod B|1j01d mg-v uo paseq palseju abe slepaweiul
(uozuioy ) |10s uoirednaso T 90 ysemados 6ogQd 10 100 UO MW w9 o7 20 ‘Toe usemadols  ¥£9/¢T V11
-150d Yeam AJBA pue Uiy} uo peseq paJsejul afe BunoA 20 ‘uozloy v
3|14oid |10s OG-V 3eam Uo paseq paliejul afie BunoA T (uigabelos) a1s jo MSa|1oud Te a0 Dl usemadols  €£9/¢T V11
&0 Bulkpeno o ados ados||y ‘wo 4§ a0 ‘I0s 09 - ¥
Buioe-3s deals ApAlrpI UQ
uozLioy ee)ée fA'e] Jw €T B0 ‘Tamig o0 !lls Mg-V  /29/2T V1
Mg Jo 90uaIsIsU0d AIp prey Aq paisahibins afie plo ApAlrp. Jo mopq ados Buize)-yuou uQ G0 ‘xoidde ‘wd Tz
Anpgsssod B|1j01d mg-Vv uo paseq palseju abe slepaw.eiul
a|1joid mg-\ Uo pased| pausejul afe sfelpaLuelul €r)ee afeurelpufpelpiey W8T 'WOST € B0 ‘Tong a0 lllosmg-y  0Ev/8 V1
anoge 10 Jo abps-yuou up
uozuoy v BulAeno uly (¢ )uozuoy mg Bumno Apueredde T MWT'T ‘W 8e 20 ‘(epsul) gmg 20 +) uonednaso
gefs Joj youeJ) uo paseq pa.iejul abe BunoA ApAaiepl - ‘GpsIno) mg 90 ‘epsul |ios TMg puodas
. 190 S8pnpou| ‘suorednaoo . . v ,m._o_&:o cow,:o: vV 50998 V1
2N1oN.Is 8pSIN0 3] 1§0Jd Mg-V Lo paseq afie areipaweIUl Ca)ée . MUWT'T ‘Wo 6T Sv é20 (3D +)20 Bpsul  uonednddo
Ajgssod ‘uoziioy mg Jo a0UaISISU0D AIp prey ApAirRI Oy 10} 30UBP1/S POOD ZIO ‘(epsul) TG |I0S zMmg-Tmg 15413
Jo Jepnoys Buidos-1ses UO . .
PUe 10|02 PaUBPPa. Lo paseq paLisjul afe plo ApAleel (9p1SIN0) TONE -V ‘9PISINO [10s ME-Y  G0998 V11
apmsula|yjoid zmga-Tmg-v xoIu ce)ee TIO Joabps buideyse MW GT ‘Wo et 43 UleRivils! o0 BpsuUl  YOYS8 V1
uo paseq a|qssod afe pjo ApAIr PRI INg ‘21N1oNJIS 8pISIN0 |l0s Zmg-Tmg
a|iyoud mg Uy} ApAle . uo paseq pa.lpjul o sl ipaw Rl 'V 9PBsINO |10s Ma-V
uozuoy et a%ens 21O UO mu Te a0 ‘Tamg Jo mg @)Be|  eovS8 V1
mg pausppal Apybis pue aJeins |4 uo (10 Yol ApairepI T 'WoZz Jowd 6 20 +30 ‘|los mg
‘a1j01d mg-V Uo paseq pa.eiul afie plo-aieIpaw.Blul -V Jo Ajuo uozuoy v
‘90 Ins uo1ednd20 S| Uozlioy Mg }1 paejul abe BunoA
apssul 1) a)ee uAoelged () abpu MUWZ 'wo 6z 8 20 ‘1ahg 90 5200L V1
[10S papOe UL INQ '8PISIN0 8| 1joud Zmg-TMg-V pue |10 10 oo adofs 90 Pa1ossIp U0 '|10s Zmg-TMg-V
uo11ednooo-1sod o1yl ApAIR I uo paseq afie pjo ApAie il
3|1j01d mg-V uo paseq pa.eul afie sreipsLuLIUI 4 a0eyns MW T ‘W0z L oD pg IRy IeMSSpNpUl  9TTST V1
210 mopq ados Buige)-yroN 20 {|I0s mg-y
SR 1S9 affe aAIR e U0 SSI0N Seplo=¢ Sjuswiwiod /Bunies oiydiowos (W) |fem wodj (wo) 150dap Jo (&1 als
‘DeIpowelUl =2 aoUesIp pue (wo) ainpnuisapisul adAl pueadeuns  Bulkjeno 1sodep
“1s9bunoA = T aJNPNAS 9pIsIN0  elng Jo yideq uoirednooO Jo adA} pue suozlioy
s|10s uo peseq afe feung jo yideQ |1os) Aq paring




GLORIETA GEOSCIENCE, INC.

umouxun A2MI00p ‘1321U1 10U BINIONIS

Aemioop snoiIngo ON

Aemioop Buide-9NN ueuwR
aJe.Ja} |[ews 11} 0] PAIUB LI0 INJONIS

RemAnue Buize]-yinos
‘ados 01 e jnoipuadiad pajus LIo 2INONNIS

ados 01 renoipusdied pausLIo 2INPNAIS

Jouloo 3N ul Joop
‘ados 01 e jnoipuadied pajus LI0 9IN1ONNIS

Aemioop Buioe-3SS ueuws.
aJe.Ja} |[ews 11} 0] PAIUB LI0 INJONIS

femuoop Buioe)-1seq

femioop
SNOIAQO OU 2ININJJIS e [nBue1dal-UoN

femioop Buioe)-1seq
doyabpu |fews 114 03 PaIUS IO BINJONIS
ados 01 xenoipuad.ed

pa1uUs 110 a1monuis {|lem 3 ul Buluado ajqissod

Sluswiwio)D

20 ysemados Aq
urRlBAC 3ZeLns 210 |4 UuQ

M-I XS-N

M-I XS-N  a3euns 210 Jo doy motreu
uo /mopg adoss Buidey-N

3.5/N adele1 91024 Jo
aps XJeq uo abpam 20 UO

M-3 XS-N adogs Bogd
10 100 Buize)-yinos up

J//N ados Buioe)

-3S (,G¢) deass ApAlepI UQ

MOVN 210 MoRq

ados Buize-1s9MYyLIOU UD

302N afeurep uAD elipuey
anoce G10) Jo abpa-yuiou uQ

M-I XS-N ageuns 210 buidos-1ses
Buidos-Ajusb ‘peoliq uo
M-I XS-N T10 Jo 8bips

Buidos-Apuab Buioe)-1se3
M-I XS-N  3%ejns Z1O B} ‘Peoiq uo

M0ZN uloeige) ‘() abpu 10
Jono ados 20 paldssip U

adeLins 210 Mopeq
ados ajueb bBuioe)-yrioN

M-I XS-N

2In1on.s Jo uolewellO  adojs/Buiies d1ydiowoss

alreq 1l
4n1 190 Joulw
'Sereulwop a1ideq 11
Hn1190

Hn1190 +981%eq 1L
SX00|q 4Nl

190 + sge alceq 11

a11%eq 11

4n1 190 +811%eq 1L

a1%ed 1L +4n1 190
al%ed 1L
al%ed 1L

a1%ed 11 +4n1 190

1n1 g0 Jouiw

'Soleulwop a11zeq 11

s300(g Jo ABojoLpiT

¢6CSET V1

T6CSET V1

GE9/CT V1

VE9/2T V1

€E9.L2T V1

129/¢T V1

0EVr/8 V1

G0998 V11

YOvSa8 V1

e0ra8 V1l

G200L V1

9TTST V11

QS

uoSeEss pR1J 002 ‘SIS 19el) Jajsuel) pue| uoAueD elipusy UJBISaM ‘SuoiTeIuaLIo asnoyp el pue ‘ados ‘uonisod 21ydiowoss) '€ a|geL




GLORIETA GEOSCIENCE, INC.

APPENDIX A

SOIL HORIZON NOMENCLATURE



GLORIETA GEOSCIENCE, INC.

APPENDIX A: SOIL HORIZON NOMENCLATURE
From Birkeland, 1999

DESCRIPTION OF MASTER HORIZON, HORIZON, AND SUBHORIZONS

O horizon—Surface accumulations of mainly organic material; may or may not be, or has
been, saturated with water. Subdivided on the degree of decomposition as
measured by the fiber content after the material is rubbed between the fingers.

O1 horizon—Least decomposed organic materials; rubbed fiber content is greater than
40% by volume.

Oe horizon—Intermediate degree of decomposition; rubbed fiber content is between 17
and 40% by volume.

Oa horizon—Most decomposed organic material; rubbed fiber content is les that 17% by
volume.

A horizon—Accumulation of humified organic matter mixed with mineral fraction; the
latter is dominant. Occurs at the surface or below an O horizon; Ap is used for those
horizons disturbed by cultivation.

E horizon—Usually underlies an O or A horizon, and can be used for eluvial horizons
within or between parts of the B horizon (e.g., common above fragipan, x).
Characterized by less organic matter and/or fewer sesquioxides (compounds or iron
and aluminum) and/or less clay than the underlying horizon. Many are marked by a
concentration of sand and silt. Horizon is light colored due mainly to the color of the
primary mineral grains because secondary coatings on the grains are absent; relative
to the underlying horizon, color value will be higher or chroma will be lower.

B horizon—Underlies an O, A, or E horizon, and shows little or no evidence of the
original sediment or rock structure. Several kinds of B horizons are recognized, some
based on the kinds of materials illuviated into them, others on residual concentrations
of materials.

Subdivisions are:

Bh horizon—Illuvial accumulation of amorphous organic matter-sesquioxide
complexes that either coat grains or form sufficient coatings and pore fillings to
cement the horizon.

Bhs horizon—Illuvial accumulation of amorphous organic matter-sesquioxide
complexes, and sesquioxide component is significant; both color value and
chroma are three or less.

Bk horizon—Illuvial accumulation of alkaline earth carbonates, mainly calcium
carbonate; the properties do not meet those for the K horizon.

BI horizon—Illuvial concentrations primarily of silt (Formal and Miller, 1984). Used
when silt cap development reaches stages 5 and 6.
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Bo horizon—Residual concentration of sesquioxides, the more soluble materials
having been removed.

Bq horizon—Accumulation of secondary silica.

Bs horizon—Illuvial accumulation of amorphous organic matter-sesquioxide
complexes if both color value and chroma are greater than three.

Bt horizon—Accumulation of silicate clay that has either formed in situ or is illuvial
(clay translocated either within the horizon or into the horizon); hence it will have
more clay than the assumed parent material and/or the overlying horizon. Illuvial
clay can be recognized as grain coatings, bridges between grains, coatings on ped
or grain surfaces or in pores, or thin, single or multiple near-horizontal descrete
accumulation layers of pedogenic origin (clay bands or lamellae). In places,
subsequent pedogenesis can destroy evidence of illuviaiton. Although Soil Survey
Division Staff (1993) does not include this, clay accumulation that lacks evidence
for illumiation is included (could have been formed in situ, for example).

Bw horizon—Development of color (redder hue or higher chroma relative to C) or
structure, or both, with little or no apparent illuvial accumulation of material.

By horizon—Accumulation of secondary gypsum.

Bz horizon—Accumulation of salts more soluble than gypsum.

K horizon. A subsurface horizon so impregnated with carbonate that its morphology is
determined by the carbonate (Gile and others, 1965). Authigenic carbonate coates or
engulfs nearly all primary grains in a continuous medium. The uppermost part of a
strongly developed horizon is laminated, brecciated, and/or pisolithic (Machette,
1985). The cemented horizon corresponds to some caliches and calcretes.

C horizon—A subsurface horizon, excluding R, like or unlike materials from which the
soil formed, or is presumed to have formed. Lacks properties of A and B horizons,
but includes materials in various stages of weathering.

Cox and Cu horizons—In many unconsolidated deposits, the C horizon consists of
oxidized material overlying seemingly unweathered C. The oxidized C does not meet
the requirement of the Bw horizon. In stratigraphy, it is important to differentiate
between these two kinds of C horizons. Here Cox is used for oxidized C horizons
and Cu for unweathered C horizons. Cu is from the nomenclature of England and
Wales (Hodson, 1976). Alternatively the Cox can be termed BC or CB.

Cr horizon—In soils formed on bedrock, there commonly will be a zone of weathered
rock between the soil and the underlying rock. If it can be shown that the weathered
rock has formed in place, and has not been transported, it is designated Cr. Such
material is the saprolite of geologist; in situ formation is demonstrated by
preservation of original rock features, such as grain-to-grain texture, layering, or
dikes. If such material has been moved, however, the original structural features of
the rock are lost, and the transported material may be the C horizon for the overlying
soil. Those Cr horizons with translocated clay, as shown by clay films, are termed
Crt.
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R horizon—Consolidated bedrock underlying soil.

Selected Subordinate Departures

Lower-case letters follow the master horizon designation. Those that are mainly specific
to a particular master horizon are give above. Some can be found in a variety of
horizons; they are listed below.

b

SS

Buried soil horizon with major features formed prior to burial. May be deeply buried
and not affected by subsequent pedogenesis; if shallow, they can be part of a younger
soil profile.

Concretion or nodules cemented by accumulations of iron, aluminum, magnaneses, or
titanium.

Horizon cemented by permanent ice. Seasonally frozen horizons are not included,
nor is dry permafrost material (material that lacks ice but is colder than 0°C).

Horizon in which gleying is a dominant process, that is, either iron has been removed
during soil formation or saturation with stagnant water has preserved a reduced state.
Common to these soils are neutral colors, with or without mottling. Most have
chromas of 2 or less and many have redox concentrations. Strong gleying is indicated
by chromas of one or less, and hues bluer than 10Y. Much of the above color is due
to the color of reduced iron, or the color of uncoated grains from which iron pigment
has been removed. Bg is used for horizons with pedogenic features in addition to
gleying; however, if gleying is the only pedogenic feature, the horizon is designated
Cg.

Used in combination with other horizon designation (Btj, Ej) to denote incipient
development of that particular feature or property (National Soil Survey Committee
of Canada, 1974). A rule for some designations would be to use it for those horizons
that do not meet criteria for diagnostic horizons (e.g., Ej for an eluvial horizon that
does not meet the criteria of the albic horizon).

Accumulation of alkaline earth carbonates, commonly CaCOj;.

Horizon that is more than 90% commented. Denote the cementing material (Km,
carbonate; qm, silica; Kqm, carbonate and silica; etc.).

Accumulation of exchangeable sodium.
Presence of slickensides.
Has two uses. (1) One is plinthite, iron-rich, humus-poor, reddish material that

hardens irreversibly when dried. (2) If A horizons in arid environments have a
vesicular structure (round voids), they are designated Av (McFadden, 1988).
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x  Subsurface horizon characterized commonly by a bulk density greater than that of the
adjacent horizons, firmness and brittleness, and very coarse prismatic structure with
bleached vertical faces (fragipan character). An E horizon may oerlie the fragipan
horizon at depth as well as between the A and Bt horizons higher in the profile. If the
E-horizon nomenclature designations are identical, and both are pedogenic, a prime is
applied to the lower E horizon. In this example, the profile would be
A/E/Bt/E’/Bx/Cox.

y accumulation of gypsum.

z Accumulation of salts more soluble that gypsum (e.g., NaCl).
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APPENDIX B

Key to symbols used in descriptions of soil morphology
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APPENDIX B: Key to symbols used in descriptions of soil morphology (from Birkeland (1984) and

McDonald (1996))

Structure
Grade Size Type Other
1 =weak VC = very coarse sbk = subangular blocky  : = parting to (e.g. pr:pf)
2 = moderate C = coarse abk = angular blocky
3 = strong m = medium pr = prismatic
f =fine pl = platy

sg = single grain

m = massive
Consistence
Dry Moist Wet - Stickiness Wet - Plasticity
lo = loose lo = loose S0 = non sticky po = non-plastic

vps = very slightly

so = soft vfr = very friable vss = very slightly sticky  plastic
sh = slightly hard fr = friable ss = sticky ps = slightly plastic
h = hard fi = firm s = sticky p = plastic
vh = very hard vfi = very firm
Cutans
Abundance Thickness/(Distinctness) Location/Type Type

n.o. = none observed

v1 = very few (< 5%)
1= few (2 - 25%)

2 = common (25 - 50%)

3 =many (50 - 75%)

4=near continuous (75+%)

Horizon Boundary

n = thin (faint)

mk = moderately thick
(distinct)

k = thick (prominent)

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 on blocky ped faces
Lam = lamellae

man = mangans

skel = skeletons
si = silans

Non-lam = interspace between lamellae

Pl: ped interior
prfc: pressure faces
irg = irregular shape

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

e- = very slightly effervescent

s =sand
Is = loamy sand
sl = sandy loam
| = loam

sil = silt loam

scl = sandy clay loam
sicl = silty clay loam
cl = clay loam
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APPENDIX C
Soil properties utilized in field descriptions

From Birkeland (1999), Appendix A, and Table 1.3



Structure

Describe type, grade, and structure size. If the st
ture is not apparent, take a spade full of the soil
tap it horizontally on the ground and look for Tepe:
ing patterns.

Type of Structure: Use Table 1.3 to define the type:-
of soil structure. —

Grade:

m—massive. Enough aggregation to maintain a vertical
face but no formation of structure type (structure-
less).

sg—single grain. No aggregation (structureless). Loose
grains of a sand dune are a good example.

1—weak. Peds barely observable in place, and, when dis-
turbed, few entire peds are observed; much of the
material is unaggregated.

2—moderate. Peds easily observable in place. When
disturbed, there is a mixture of whole peds, bro-
keg peds, and some material not organized into
peds.

3—strong. Peds are distinctly visible in place, and, when
disturbed, nearly the entire mass consists of whole

peds.

Table 1.3 Description and Probable Origin of Soil Structure
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Size: Size differs with the kind of structure as shown
in Table Al.4. Smaller structural units may be held
together in such a way as to form larger units. For ex-
ample, small subangular blocky units may combine in
such a way to form larger prismatic units. The domi-
nant structure is the primary structure when calculat-
ing PDI values, and the subordinate structure is the
secondary structure.

Usual Associated
Type Sketch® and Description Probable Origin® Soil Horizon
Granular . Spheroidally shaped aggregates Colloids, mainly organic, bind the A
,fg‘:.,;;;__' with faces that do not particles together; clay and Fe and
=3 :".‘? =e accommodate adjoining Al hydroxides may be responsible
Srea® ped faces for some binding, and flocculating
capacity of some ions, such as Ca?*, -
may be helpful; periodic dehydration
helps form more stable aggregates
Angular Approximately equidimensional Many faces may be intersecting shear Bt
blocky blocks with planar faces that planes developed during swelling
are accommodated to adjoining and shrinkage that accompany
Subangular ped faces; face intersections are changes in soil moisture
blocky sharp with angular blocky,
rounded with subangular blocky
Prismatic Particles are arranged about a Faces develop as a result of tensional Bt
vertical line, and ped is bounded forces during times of dehydration;
by planar vertical faces that rounded column tops may be due
accommodate adjoining faces; to some combination of erosion by
Columnar prismatic has a flat top, and percolating water and greater Bn
columnar a rounded top. amounts of upward swelling of
column centers on wetting
Platy Particles are arranged about a May be related to particle size E, or those
inherited horizontal plane orientation from parent material with fragipan
or induced by freeze—thaw
processes
May be related to layering in Km, Bqm, Bs
cementing material, induced during
its precipitation(carbonate, silica,
Fe hydroxides)
*Taken from Soil Survey Staff (1975).

YFrom Baver (1956), Black (1957), Rode (1962), and White (1966).



Gravel Content

Estimate volume percentage occupied by gravel (>2
mm). Weight percentage can be determined in the field
with a screen (one can use an inexpensive 3-mm door
screen) and a hand-held portable scale. Be watchful
for shape and lithologic changes during the screening
process, as they may indicate parent materials of more
than one origin.

Consistence

Consistence is a measure of the adherence of the soil
particles to the fingers, the cohesion of soil particles
to one another, and the resistance of the soil mass to
deformation. Soil Survey Division Staff (1993) has
changed some of the terms, but the older terms are
kept here as PDI values are based on them. Because
this property varies with moisture content, it is taken
when the soil is dry, moist, and wet. The wet consis-
tence (natural or artificial wetness) is useful in deter-
mining texture classes in the field.

Dry Consistence (naturally dry in exposure):

lo—loose. Noncoherent, such as grains of a sand dune.

so—soft, Easily fails to powder or single grain, with very
slight force between thumb and forefinger.

sh—slightly hard. Easily fails under slight force be-
tween thumb and forefinger.

h—hard. Fails in the hands without difficulty; requires

* strong force to fail between thumb and forefinger.

vh—very hard. Fails in hands with difficulty, but not
between thumb and forefinger.

eh—extremely hard. Cannot be failed in hands.

Table A1.4 Classes of Soil Structure
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Moist Coﬁsistence (usual moisture when one digs
back into exposure):

lo—loose. Noncoherent.

vfr—very friable. Easily fails to powder or single grain,
with very slight force between thumb and forefin-
ger. _

fr—friable. Fails under slight force between thumb and
forefinger.

fi—firm. Fails under moderate force between thumb and
forefinger. :

vfi—very firm. Fails under strong force between thumb
and forefinger.

efi—extremely firm. Fails under very strong force be-
tween hands but cannot be crushed between thumb
and forefinger. :

Wet Consistence (usually wetted artificially, but not
so much the mass flows): _ ;

Stickiness is measured by pressing the wet soil be-
tween the thumb and forefinger and noting its adher-
ence.

so—nonsticky. Practically no adherence to thumb and
forefinger when pressure released.

ss—slightly sticky. After release of pressure, soil ad-
heres to both thumb and forefinger but comes off
one or the other rather cleanly. Does not appre-
ciably stretch.

s—sticky. After release of pressure, soil adheres to both
thumb and forefinger and tends to stretch some-
what before pulling apart from either digit.

vs—very sticky. After release of pressure, soil adheres
strongly to both digits and is markedly stretched
when they are separated.

0 20 40
]
Scale (in mm)
Diameter of Thickness of Diameter of l}nameter of
Size Granules Plates Blocks Prisms
Class (mm) (mm) (mm) (mm)
vi—very fine <1 <1 <5 <10
f—fine 1-2 1-2 5-10 10-20
m—medium 2-5 2-5 10-20 20-50
c—coarse 5—10 5-10 20-50 50-100
Vc—very coarse >10 >10 >50 >100




Plasticity is measured by rolling the wet soil be-
tween the thumb and forefinger and observing whether
a roll can be formed and maintained.

po—nonplastic. No roll can be formed.

ps—slightly plastic. A roll 4 cm long and 6 mm thick
can be formed and, if held on end, will support its
own weight. A 4-mm-thick roll will not support its
own weight. The roll is easily deformed and bro-
ken.

p—plastic. A roll 4 cm long and 4 mm thick can be
formed and support its own weight. A 2-mm-thick
roll will not support its own weight.

vp—very plastic. A roll 4 cm long and 2 mm thick can
be formed and support its own weight. The roll is
readily bent into a half or full circle.

/\
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Texture

Use established names from the textural
(Fig. A1.3). Screen out gravels and determin
textural class of the <2-mm fraction by noti
grittiness and wet consistence as shown in Fig
(see also useful table of properties in Foss and
ers, 1975). Broad guidelines are given in the fig
but for more accuracy one should calibrate one’s:
gers by texturing samples with known particle-
distribution.

Figure A1.3 Textural names and abbre
tions of names versus sand—sﬂt—clay
tents. (Redrawn from Soil Survey Divis

Staff, 1993, Fig. 3.16.) ’95

o

% & % -a £ = % %
Sand (percent)
TEXTURAL ABBREVIATIONS: MODIFIER ABBREVIATIONS:

C Clay SCL Sandy Clay Loam vi  very fine
CL Clay Loam SL  Sandy Loam f fine
L Loam Si  Sit co coarse
LS LoamySand SiC Silty Clay vco very coarse

Sand SiCL Silty Clay Loam g gravelly

S
SC Sandy Clay SiL  Silt Loam



Loam Clay loam |
Clay
= Silt
8 Silt loam
E
“ Silty clay loam
Silty clay
8
- Loamy sand
and sand
Sandy loam
&
g Sandy clay loam
Sandy elay
None Slight Sticky and
igh plastic ond

STICKINESS AND PLASTICITY RATING

Figure A1.4 Approximate relations between texture class,
grittiness, and wet consistence.

Clay Films

Clay films are thin layers of oriented clay and are de-
scribed by recording their amount, distinctness, and
locations. Study the peds with a hand lens in the field,
or with a binocular microscope in the laboratory.

Amount:

vl—very few. Occupies less than 5% of the total area
of the kind of surface described.

1—few. Occupies 5-25% of the total area of the kind of
surface described.

2—common. Occupies 25-50% of the total area of the
kind of surface described.

3—many. Occupies more than 50% of the total area of
the kind of surface described.

The same classes are used to describe the amount
of bridges connecting particles of structureless soil
bodies. The amount is judged on the basis of the per-
centage of particles of the size designated that are
joined to adjacent particles of similar size by bridges
at contact points.

Distinctness: Distinctness refers to the ease and de-
gree of certainty with which a surface feature can be
identified. Distinctness is related to thickness, color
contrast with the adjacent material, and other proper-
ties, but is not itself a measure of any one of them.
Some thick films, for example, are faint, whereas some
thin ones are prominent. The distinctness of some sur-
face features changes markedly as the amount of mois-
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ture changes; therefore, the soil-water state might be
specified. Clay films- are difficult to recognize in wet
soils. If classifying films on ped faces, compare fea-
tures on a ped face with those on a nonstructural face
broken across the ped. Three distinctness classes are
used.

f—faint. Evident only on close examination with 10X
magnification and cannot be identified positively
in all places without greater magnification. The
contrast with the adjacent material in color, texture,
and other properties is small.

d—distinct. Can be detected without magnification,
although magnification or tests may be needed for
positive identification. The feature contrasts
enough with the adjacent material that a difference
in color, texture, or other properties is evident.

p—prominent. Conspicuous without magnification
when compared with a surface broken through the
soil. Color, texture, or some other property or com-
bination of properties contrasts sharply with prop-
erties of the adjacent material, or the feature is thick
enough to be conspicuous.

Location of Clay Films: Oriented clay is present as
films on peds, inside of pores, or as bridges between
grains and coats on grains. If films are preferential to

-some orientation (horizontal vs vertical), this should

be noted.

pf—clay films occur on ped faces. Where the structure
grade is weak or the soil is structureless, ped faces
are indistinct or absent. It is probable that only
when the structure grade is moderate or strong are
the clay films on ped faces discernible.

po—=<lay films line tubular or interstitial pores.

br—oriented clay occurs as bridges holding mineral
grains together. This is probably an initial step that
occurs before clay films coat grains and is best ob-
served in coarse-textured soils.

co—colloid coats mineral grains.

cobr—coats and bridges are present. This is probably
more common than coats or bridges alone.

In describing clay films, care must be exercised not

 to confuse pressure faces with clay films. The former

are common in soils with high clay content (Vertisols;
shrink—swell clay such as smectite is best), and sea-
sonal wetting and drying. Pressure faces arise when
swelling pushes structural aggregates together and
makes their sides smooth and, in places, reflective. At



times these are difficult to differentiate from clay
films, but some clay films can also be partly pressure
faces. Slickensides are produced in the same manner,
but are better developed, being polished and striated,
and usually at >50 cm depth. Where slickensides are
prominent, they are extensive and oriented at 20-30°
from the horizontal to form wedges (Ahmad, 1983).
If the shrinking and swelling that produce slickensides
are extensive enough, wide and deep ground cracks
will form during the dry season.

Examples of Clay-Film Descriptions:

3d po—many distinct clay films in pores.

2f pf and po—common faint clay films on peds and in
pores. :

 3p pf, 2f po—many prominent clay films on ped faces,

common faint clay films in pores.

It is important to record clay films because their
presence is strong evidence for pedogenically illuvi-
ated clay. However, be warned that in places clay films
can be original depositional (parent material) features.
Waters charged with fine sediment that infiltrate a
flood plain can produce clay films at depth (Walker
and others, 1978), as can similar waters infiltrating till
at the base of a glacier. If these latter parent-material
films are present below the main soil-forming zone,
their color will be closer to that of the parent mater-
ial than to that of the soil.

Horizon Boundaries

Describe the lower boundary of each horizon, indi-
cating distinctness and general topography.

Distinctness:

a—abrupt. Transition is less than 2 cm.
c—clear. Transition is 2-5 cm thick.
g—sgradual. Transition is 5-15 cm thick.
d—diffuse. Transition is more than 15 cm thick.

Topography: Topography refers to the nature of the
surface that separates the horizons. The modifiers sl
(slightly) and v (very) may be used in combmanon
with the following abbreviations.

s—smooth. Boundary is planar or parallel to the geo-
morphic surface.

w—wavy. Undulating surface with pockets wider than
they are deep.
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i—irregular. If pockets are deeper than their width,

b—broken. If one or both of the horizons separated
the boundary are discontinuous, so that boi
is interrupted.

Stages of Carbonate Morphology

Describe the stage of morphology (Fig. Al.5, Tab
Al.5 and A1.6). In some places, there may not be sta
II morphology in a sequence of nongravelly soi
rather, filaments of stage I become so common
the horizon meets the approximate percentage re-
quirements for stage II. Holliday (1982) suggests that
these latter occurrences be termed IIf to indicate their
filamentous morphology. :

I want to inject a word of caution on the recogniz
tion of carbonate morphological stages. In places, cars
bonate can be deposited on vertical faces by laterally
seeping waters and thereby mask the pedogenic c
bonate morphology (Lattman, 1973). In addition;
M.N. Machette and R.E. Anderson (personal commu-
nication, 1991) have observed strong lateral (on con-
tour) variations in carbonate morphology and accu-
mulation along natural arroyos in arid parts of the
eastern Great Basin. Hence, to study the morphology -
of pedogenic carbonate and avoid surficial cementa- -
tion, one may have to dig back a meter or more.

Figure AL5 Sketch of carbonate buildup stages (I, II, II,
IV) for gravelley (top) and nongravelley (bottom) parent ma-
terials. Machette (1985) added two more stages beyond stage
IV (Table Al.5). In general, the stage morphologies merge
to a common form at about stage III. (Redrawn and modi-
fied from Gile and others, 1966, © 1966, The Williams &
Wilkins Co., Baltimore.)



Table A1.5 Stages of Carbonate Morphology
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Stage Gravelly Parent Material Nongravelly Parent Material

I Thin discontinuous clast coatings; some filaments; Few filaments or coatings on sand grains; <10%
matrix can be calcareous next to stones; about 4% CaCO;
CaCO,

I+ Many or all clast coatings are thin and continuous Filaments are common

i Continuous clast coatings; local cementation of few to Few to common nodules; matrix between nodules is

several clasts; matrix is loose and calcareous
enough to give somewhat whitened appearance

m+ Same as stage II, except carbonate in matrix is more
pervasive

Continuity of fabric high in carbonate

m Horizon has 50-90% K fabric with carbonate forming

an essentially continuous medium; color mostly
white; carbonate-rich layers more common in
upper part; about 20-25% CaCO;

o+ Most clasts have thick carbonate coats; matrix
particles continuously coated with carbonate or
pores plugged by carbonate; cementation more or

slightly whitened by carbonate (15-50% by
area), and the latter occurs in veinlets and as
filaments; some matrix can be noncalcareous;
about 10-15% CaCOj; in whole sample, 15-75%
in nodules

Common nodules; 50-90% of matrix is whitened;
about 15% CaCO; in whole sample

Many nodules, and carbonate coats so many grains
that over 90% of horizon is white; carbonate-rich
layers more common in upper part; about 20%
CaCOs

Most grains coated with carbonate; most pores
plugged; >40% CaCOs

less continuous; >40% CaCO;

Partly or entirely cemented

Y Upper part of K horizon is nearly pure cemented carbonate (75-90% CaCOs;) and has a weak platy structure due to
the weakly expressed laminar depositional layers of carbonate; the rest of the horizon is plugged with carbonate
(50-75% CaCOs)

v Laminar layer and platy structure are strongly expressed; incipient brecciation and pisolith (thin, multiple layers of

carbonate surrounding particles) formation

VI Brecciation and recementation, as well as pisoliths, are common

Taken from Gile and others (1981) and Machette (1985), with further modification by R.R. Shroba (written communication, 1982).

Carbonate Effervescence

If dilute HCI (use a 1:10 ratio of concentrated HCl:wa-
ter) is added to a soil containing CaCQOs, it will effer-
vesce. The classes of effervescence are generally re-
lated to the amount of carbonate as well as to particle
size (more rapid with smaller size) and mineralogy
(slight with dolomite). Four classes are recognized:

Very slightly effervescent—few bubbles seen.
Slightly effervescent—bubbles readily seen.
Strongly effervescent—bubbles form low foam.
Violently effervescent—thick foam forms quickly.

For most geomorphic purposes, carbonate morphol-
ogy stage is more useful than the classification of ef-
fervescence.

Salts and Silica Development

Pedogenic gypsum and silica have developmental
stages that are similar to the stages of carbonate mor-
phology (Table Al.7). One could devise a similar -
scheme for halite or any other accumulation of interest.

Cementation

Cementation refers to the brittle, hard consistence
caused by some cementing agent, such as silica or
CaCO3;, which, unlike clay, does not deform under
pressure.

cw—weakly cemented. Mass is brittle and hard, but can
be broken in hands.



	table_1_soil_descriptions_2004.pdf
	field house sites




