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Excavations in 1964 at the Pine Spring site in southwest Wyoming concluded that the site con-
tains three cultural occupation levels; the earliest allegedly dates to the terminal Pleistocene
and is associated with megafauna. However, excavations in 1998 and 2000, and analysis of the
stratigraphy, AMS dates, micromorphology, and artifact carbonate isotopes, along with debitage
refitting, density, orientation, inclination, burning, and trample damage, could not replicate
the 1964 findings. A hiatus in deposition accounts for the highest density of artifacts, and the
three original occupations are palimpsests. There is no unequivocal association between evi-
dence of human activity and megafaunal remains. © 2006 Wiley Periodicals, Inc.

INTRODUCTION

The Pine Spring site (48SW101) sits at 2329 m (7640 ft) on the north face of Black
Mountain in southwest Wyoming (Figure 1). The site encompasses nearly the entire
cultural sequence of the region and is an important reference site for southwest
Wyoming prehistory (Thompson and Pastor, 1995). Excavated by Floyd Sharrock in
1963 and 1964, Pine Spring contains thousands of artifacts, mostly debitage, and the
remains of Pleistocene horse, bison, and camel. Sharrock defined three major episodes
of occupation, the earliest of which he dated to circa 10,000 yr B.P. (all dates herein
are uncalibrated) and claimed it was associated with megafauna. In this article, we
reassess the site’s evidence for the three occupations and the association between arti-
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facts and Pleistocene fauna through analysis of archaeological and geoarcheological
data collected in 1998 and 2000. We employ several methods to examine the site’s
formation and conclude: (a) that a major hiatus in aggradation accounts for the high-
est density of artifacts, (b) that the alleged occupations are mixes of artifacts and
faunal remains deposited thousands of years apart, and (c) that there is no unequiv-
ocal association between evidence of human activity and megafaunal remains. 

The regional vegetation of the Pine Spring site is sagebrush desert, but the spring
that gives the site its name produces a small, perennial stream that supports a thin
but dense strip of meadow, aspen, juniper, cottonwood, mountain mahogany, and
spruce (but not pine). The spring has probably run more or less continuously for at
least 12,000 years and was undoubtedly what attracted people to the location. 

Black Mountain’s caprock is Oligocene Bishop Conglomerate and is composed
of “clasts of red quartzite, gray chert, and limestone in a gray to white tufaceous
sandstone matrix” (Love and Christiansen, 1985). Underlying this conglomerate
is the Upper Eocene Bridger formation, a “greening-gray, olive-drab, and white
tufaceous sandstone and claystone” with “lenticular marlstone and conglomer-
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Figure 1. Topographic map of Pine Spring; main site area is portrayed in Figure 3.



ate” and, just below the spring’s elevation, outcrops of Tiger chert (Love and
Christiansen, 1985). Pine Spring emanates from the contact between the Bishop
and Bridger formations and overlooks several “terraces” that formed during one
or more episodes of slumping before the site was occupied; the site sits on one
of these terraces (Figure 2). 

HISTORY OF RESEARCH

Sharrock sorted most of the excavated artifacts and bone into three “occupa-
tions.” Occupation 1, the earliest, was 14C-dated using bone collagen from two spec-
imens; one, identified in his catalog as “Bison bison?” dated to 9695 � 195 yr B.P. (GX-
0354) and another, identified as “Bison sp.” dated to 11,830 � 410 yr B.P. (GX-0355).
The Occupation 1 assemblage also contained Agate Basin-like and possible Goshen
and Cody Complex points (Frison, 1991; Thompson and Pastor, 1995). Occupation
2 dated to 3650 � 80 yr B.P. (GX-0356) with a bone collagen date on an Ovis canaden-

sis specimen. Sharrock (1966, p. 22) discarded the 11,830 yr B.P. date because the
sample “contained too little collagen for a trustworthy count.” However, as 1960s
bone dates, all three are suspect. Based on projectile point styles and Fremont pot-
tery, Sharrock assigned Occupation 3 to the Late Prehistoric period. 

Occupation 1 may be associated with extinct megafauna. Sharrock found four
vertebrae (Feature 50; Sharrock’s fieldnotes are referenced by feature number and
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Figure 2. The Pine Spring site, facing southwest. Sharrock’s Trench 5 was located on the terrace imme-
diately downslope of the white tent near the trees. 



page, e.g., F50:3)1 lying in anatomical position, which he identified as bison; one ver-
tebra was sacrificed to obtain the 9695 yr B.P. date. Sharrock (1966, p. 22) argued that
this animal “was apparently imported after having been partially butchered. . . .a
knife associated with the skeleton [45 cm away] was in correct position to have been
in the lower thoracic or upper abdominal region of the beast.” We re-identified these
vertebrae as Camelops sp. and re-dated them to 11,180 � 45 yr B.P.2 These verte-
brae add to other megafaunal remains that Sharrock thought were associated with
Occupation 1. Frison (1997) examined all the Camelops material from the site and
cautiously suggested that spiral green bone breaks on one metapodial might be evi-
dence of human use. 

Future use of Sharrock’s collection depends, in part, on whether the three occupa-
tions are genuine temporal/behavioral units. There is reason, however, to be skeptical. 

Using standard techniques for the day, Sharrock’s crew of one to six workers
excavated five-foot-wide trenches primarily by shovel in 3- and 6-inch levels for a total
of 79 days, removing some 140 m3 of deposit. Sharrock could not recall how exten-
sively he used screens (personal communication, 1998), but a fieldworker we inter-
viewed recalled that 1/4-inch screens were only used towards the end of the exca-
vation, and not consistently. This suggests that the occupations were so distinct that
rapid shovel excavation without the aid of screens could uncover them. 

However, Sharrock first noted the three occupations on July 23, in Trench 5,
halfway through the 1964 season, but also admitted that “. . . in some areas [the occu-
pational surfaces] merge to the point that I’m not always sure I’ve separated them
correctly. . . .The artifact layers are not quite that precise. They vary from 1 to 2 chips
wide to approx. 6 in. in thickness” (F27:7). Sharrock recognized that some layers
contained a variety of point types, or prehistoric and historic artifacts. The field
notes frequently mention krotovina and problems in correlating levels between units
(e.g., F32:2). Sharrock’s mentor, Jesse Jennings, noted that the southernmost 90 feet
of Trench 4 were “roiled” by sheetwash (F1:31). Nonetheless, Sharrock retroactively
placed 80% of the excavated material into one of the three occupations.

In addition, Sharrock drew attention to the “remarkably consistent correlation of
each of three site occupation levels with the three soil horizons,” finding that in “over
80% of the excavated area, Occupation 1 . . . was completely within the C horizon,
Occupation 2 completely within the B horizon, and Occupation 3 completely within the
A horizon” (1966, p. 16–17). But Sharrock did not use soil horizons to define the occu-
pations; in fact, he thought it fortuitous that the cultural stratigraphy paralleled the
soil horizonation (1966, p. 17). Still, this is an all-too-comfortable correlation. The site’s
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1 Sharrock used Jesse Jennings’ feature system, in which all excavation units, regardless of their size,
shape, or origin, were numbered consecutively as features. Thus, the site is F1; the first excavation unit
is F2; a discernible stratum might be F3; a hearth in that stratum, F4; an unusual aggregation of bone, F5,
and so on. These features are relabeled in the report (e.g., F27 is Trench 5). 
2 In a May 5, 1965 letter to Sharrock, Stanley Olsen identified these lumbar vertebrae as “large camel or
Symbos.” However, catalog notes indicate that Stephen Durrant, a small-mammal specialist in the
University of Utah’s Biology Department, also identified the remains. Apparently, his identifications were
taken over those of Olsen. We showed the F50 remains to seven qualified individuals, six of whom were
certain that they were not bison and probably camel. The remains compare very well with camel remains
from the Casper site in Wyoming.



stratigraphy merits a reexamination: (a) given that the deposits range from a few cen-
timeters to 1.5 m in thickness, containing artifacts suggesting an occupational range
of some 10,000 years; (b) were excavated quickly, largely by shovel without screens,
and (c) bear evidence of bioturbation and redeposition. 

SITE STRATIGRAPHY

Equipped with Sharrock’s fieldnotes and photos, Kelly located the old excavation
units with backhoe trenches in 1998. Locals stated that the excavations remained open
until the BLM filled them with heavy equipment. In the interim, looters destroyed the
profiles; the BLM then put a pipeline through the site in the 1970s. Although he located
Trenches 4 and 5, Kelly did not find a single intact midden profile. With exploratory
trenches, he located two areas of “intact” deposits, one to the east and one to the south
of Sharrock’s Trench 5. In 2000, we placed six 0.5 � 0.5 m units (AA through FF) in the
former area and three 0.5 � 0.5 m units (GG, HH, and II) in the latter area (Figure 3). 

The units were excavated in 5-cm levels following natural strata where possible;
all items found in situ and larger than 3 cm in maximum dimension were piece plot-
ted with a total station, and their orientation, inclination, length, side up, and pres-
ence of carbonates noted. Deposits were screened through 1/8-inch mesh, avoiding
krotovinas; sediment weight was recorded to calculate artifact densities. Water
screening on-site was not possible, but sediment samples were collected in nearly
all levels and processed later. 

Three major strata are evident at the site (Figure 4). Stratum I, the lowest and
oldest, is a poorly sorted, loosely packed, pink to gray mottled, dark yellowish-brown,
single-grained, gravelly sandy loam. It appears to be a slump or landslide deposit. The
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Figure 3. Map of the main excavation area showing some of the 1964 trenches and the University of Wyoming
1998 and 2000 excavation units and backhoe trenches; inset shows subsurface map of spring mound. 



cobbles in this stratum are subangular to subrounded. No bedding was observed in
it. Pedogenic features include gleying and in situ clay weathering, such as the dis-
solution of clay from bedrock clasts and the possible production of clay from primary
minerals. Stratum I has reddish hues and textural characteristics identical to the
Bishop conglomerate upslope of the site. To the west, near the perennial creek, the
Bishop’s reddish hues are modified to grays and rust colors (moist colors: 7.5YR 8/4,
10YR 5/1, 10YR 4/4), and the matrix is more clayey, probably the result of long-term
groundwater through-flow that favored carbonate dissolution, resulting in the lib-
eration of detrital clay from the carbonate rock. Stratum I is of an unknown thick-
ness but may be on the order of tens of meters. 
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Figure 4. Stratigraphy of excavation units CC, DD, and EE, facing south (upslope), with
radiocarbon dates; at bottom is a schematic diagram showing location of 2000 excavation
units and Sharrock’s Trench 5 relative to schematic site stratigraphy. 



Overlying Stratum I is Stratum II, a loosely to moderately packed, poorly sorted,
light gray, massive, calcareous, trace to slightly pebbly clayey silt; in places, it con-
tains tufa-infiltrated slope wash and/or evaporative phreatogenic carbonates. Stratum
II is divided into several substrata. 

Most of what Sharrock called F26 we label Stratum IIa. Sharrock believed F26 to
be a dislocated block of Bridger clay (1966, p. 20; Eardley, 1966, pp. 198–199), but it is
a spring-mound deposit. Spring mounds form where spring-supported plant material
traps eolian sediment, often creating a round or doughnut-shaped mound with an out-
let for the spring’s flow. In the western United States, they tend to have high carbon-
ate content from eolian input (Haynes, 1967), degassing of carbonate-saturated water,
and from evaporation of carbonate-enriched waters. Stratum IIa has high carbonate
content, is white to buff-colored (10Y/R 7/2), and has a “cottage-cheese” structure (the
Bridger formation is almost entirely clay and has a smooth texture). From its exposure
in our backhoe trenches, Sharrock’s fieldnotes, and bucket augering, we determined
the extent of the buried spring mound and revealed its somewhat round shape (Figure
3). The southern portion of Stratum IIa contains discrete pebble lines and buried lenses
of organic matter and is not as impregnated by carbonates; pebble content is up to
10%. The northern half of the stratum shows a fining upwards sequence, with 5% peb-
bles at its base to less than 1% near its top. Surface soil formation is stronger over the
northern portion of the unit. At its westernmost occurrence, near the stream, gleying
(Btg and AB(t)→Bk; see Birkeland, 1999, for notation of polygenetic [overprinted or
engulfed] soil horizons) and in situ clay weathering occur. In places, this stratum is
broken down into substratum based on color and pebble content. Moist colors vary
from the stratum’s upper to lower portions: 10YR 7/2, 10YR 5/2,10YR 5/2, 10YR 3/2.

Further evidence that Stratum IIa is a spring mound comes from gastropods that
Mead extracted from three sediment samples. Shells from the base of stratum IIa were
too fragmented for identification, but Pupilla sp. and Vallonia sp. occur in a sample
from the stratum’s middle, and specimens from a sample near the stratum’s top
included Catinella sp., Pupilla muscorum, Pupilla sp., Vertigo cf. modesta, and
Hydrobiidae (poorly preserved; however, they are consistent in shape with Amnicola

sp. or Fontelicella sp.). All these taxa live in Wyoming today, and all except the hydro-
biids are pulmonate snails that live under leaf litter or logs in moist to semiarid areas,
such as Pine Spring’s wooded microenvironment. The hydrobiids, however, are gill-
breathers and indicate the presence of an open, perennial pond.

A thin section of Stratum IIa examined by Goldberg (sample 4; see below) revealed
its massive, calcareous nature. The presence of root voids and phytoliths support an
interpretation of a spring mound. Stratum IIa’s abundant clay could have been
deposited as slopewash or as an eolian deposit, caught by quiet water or by sur-
rounding vegetation. Uncommon, however, are secondary pedofeatures, such as cal-
careous hypocoatings (Bullock et al., 1985); this is surprising in light of the suppos-
edly evaporative nature of these deposits.

Stratum IId overlies IIa and in the area of units CC, DD, and EE, a distinctive sur-
face soil (Argiboroll) is present (Figure 4). The sequence of soil horizons is: A1, A2,
Ab→Btk, Btb→Btk, C. The A horizon (0–40 cm bs [below surface]) has a silt loam
texture, and is the zone’s most recent humus accumulation. Below the A is horizon
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Ab→Btk (40–70 cm bs), a zone of humus accumulation with a silty clay loam texture
and clay illuviation. Analysis of three samples from this horizon (Davis, 1999) con-
firmed Paul Martin’s earlier conclusion that pollen preservation at the site is very poor
(personal communication to Sharrock, January 22, 1965). 

The underlying Btb→Btk horizon (70–101 cm bs) is a silty clay loam with Stage
I� calcium carbonate that is violently effervescent. These sediments are designated
Stratum IId to differentiate them from Stratum III; relatively unmodified Stratum IIa
underlies the Btb→Btk horizon in the area of units CC–EE and extends to Stratum
I gravel (101–200 cm bs). Stratum IId continues to the east, where it is exposed in
backhoe trenches 2000-1, -2, and -3 (Figures 3 and 5) and becomes progressively
thinner as the land surface slopes up to the east.

Stratum IIe is also exposed in backhoe trenches 2000-1 (Figure 5), -2, and -3 and
contains two gravel lenses, labeled IIb and IIc. Stratum IIe is less bedded than IIa and
contains slopewash-redeposited Bridger Formation clays with inclusions of Bishop
Conglomerate. It is less calcareous, and has fewer voids, suggesting less vegetation
than in IIa. Eardley’s and Sharrock’s original interpretation, (i.e., slope-reworked
Bridger Formation material) is accurate for this stratum. In the backhoe trenches and
unit AA, Stratum IIe is overlain by Stratum IIf, a brown (7.5YR 5/4), massive, matrix-
supported, pebbly to cobbly mud that suggests slope wash and minor debris flows.

A soil exhibiting strong, medium-sized prismatic structure is formed into the sur-
face of IIe, and we believe this is the same buried soil exposed in units CC, DD, and
EE (Ab→Btb and Btb→Bk horizons). We return to the relevance of this soil below. 

Stratum III is the uppermost sediment covering Sharrock’s Trench 5 area. It is
poorly sorted, moderately packed, light gray mottled to very dark grayish-brown
(moist colors: 10YR 7/2 to 10YR 3/2), massive, trace pebbly clayey silt. The texture
and geologic associations suggest it is largely slopewash with some possible inter-
mittent alluvial beds. It is turbated by rodent activity, excavation, and looting.

Excavation on the east side of the spring mound revealed two related differences
from Sharrock’s excavation. Sharrock found that Occupation 1 was “limited to the
upper few inches of [the spring mound] soil” in Trench 5 (F34:1), but we recovered
no archaeological material from stratum IIa on the mound’s east side. In addition, units
CC, DD, and EE revealed a thicker B horizon than that depicted in Sharrock’s field
profiles, photos, and notes. 

We considered the possibility that the B horizon, containing some artifacts, had
developed down into the eastern spring mound and hence masked the presence of
artifacts in the mound’s upper reaches. To test this idea, Goldberg examined thin
sections (27 � 46 mm) of four microstratigraphic samples (see Figure 4) from the
Ab→Btk horizon, the upper and lower Btb→Btk horizons, and upper Stratum IIa of
Unit DD using established procedures (Courty et al., 1989). The spring-mound sam-
ple revealed a calcareous clay, similar to a marl, consisting predominantly of clayey
matrix with inclusions of silt-sized grains of quartz and feldspar (~1–3%); sand-sized
angular pieces of chert and rounded quartz (traces � tr.); and sand-sized angular
pieces of sparitic calcite with quartz silt (tr.). The matrix is massive, but punctuated
with numerous cracks, and rounded to elliptical vughs, vesicles, and chambers. Some
of the latter three void types contain remnants of roots. 

KELLY ET AL.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 6 DOI: 10.1002/GEA622



The samples from the Btb→Btk horizon, however, consist of generally noncal-
careous sandy, silty clay, with inclusions of the underlying marl, as well as fresh gran-
ular-size grains of sparitic limestone, fine sandstone, tuffaceous sandstone, and partially
etched grains of sparite. The sample is pale yellow to white, suggestive of iron deple-
tion associated with gleying; individualized impregnations and some coatings of iron
and manganese are localized throughout. Other secondary features include diffuse
clay coatings and intercalations; these are not present as void coatings. Furthermore,
to judge from what appear to be remains of much larger calcareous domains, much of
the calcite within the matrix appears to be undergoing dissolution. The structure is angu-
lar blocky to prismatic, with intrapedal vesicles and irregular vughs.

This loamy material was possibly deposited through slopewash, and has been
influenced by postdepositional translocation of clay, decalcification, and mobiliza-
tion of iron and manganese. The sample is clearly from part of a soil horizon, as is
reflected in the well-developed blocky structure. The presence of grains and irreg-
ular domains of the underlying calcareous marl may have been worked into this sed-
iment by bioturbation or localized colluviation. In any case, the lithologic and pedo-
genic contrast of this sample with the underlying calcareous clay is clear, and two
distinct types of sedimentation are definitely present. 

These data indicate that the B horizon developed in sediments deposited on top
of the spring mound rather than in the spring mound itself. The thicker B horizon on
the east side of the spring mound does not explain why Sharrock found artifacts
and bones in its upper reaches while we did not. 

Possibly, Sharrock recovered artifacts because he excavated a much larger sam-
ple, but how abundant was archaeological material in the upper spring mound? In
fact, Sharrock believed that F26 was sterile until he recovered F50, mentioned above,
in Trench 5 with only 16 days left in the excavation (F27:18). But F50 contained only
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Figure 5. South (upslope) profile of backhoe trench 2000-1 (see location in Figures 3 and 4).
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one artifact, and only two other projectile points were found in F26 (F34:2). We
recovered only a few flakes from the upper portion of the spring mound in Unit II
and suspect that all artifacts in the spring mound were bioturbated downward. 

Radiocarbon Dates

Forty-six new radiocarbon dates were obtained on 37 samples (Table I). Two
dates were obtained on each of four samples of spring-mound deposits, one on each
sample’s carbonate CO2, and a second on each sample’s organic residue. These dates
suggest that the lower spring mound is Early Holocene in age (Figure 4). But these
dates are difficult to interpret because the lower Stratum IIa sample and one of the
middle samples have carbonate CO2 ages that are older than the organic residue ages,
while the other middle Stratum IIa sample and the upper sample have carbonate
ages that are younger than the organic residue ages. The fact that the carbonate CO2

ages generally fall outside the two-sigma range of their corresponding organic residue
ages suggests that some ionic exchange may have occurred between the sediment
carbonates and groundwater in the lower deposits, and between the sediments and
vadose water in the upper sediments. 

In addition, we dated several bone specimens collected by Sharrock, including one
of the Camelops vertebrae from F50 and one of two Equus innominates, found a
meter east of F50.3 Sharrock recovered the vertebrae in anatomical position. Their
“up” sides (reconstructed from Sharrock’s photos) were all equally weathered.
Apparently, the vertebrae were deposited as an anatomical unit, when the remains
were held together by tissue. Likewise, the innominates were found lying one on
top of another, also suggesting deposition as an anatomical unit. Thus, both sets of
remains were deposited on what was the surface of the spring mound and then par-
tially buried. After their exposed portions weathered, they were completely buried.
One of the remaining Camelops vertebrae dated to 11,180 � 45 yr B.P. and one Equus

innominate to 11,530 � 50 yr B.P. These remains were found about 15 cm from the
surface of the spring mound; thus, the mound was forming sometime before 11,500
yr B.P. Two pieces of charcoal found near the spring mound’s surface near Units II
and HH on the mound’s southwestern edge yielded ages of 1294 � 41 yr B.P. and
2007 � 57 yr B.P. However, these were the only carbon samples observed in Stratum
IIa; they could be roots that penetrated the mound after its burial, or translocated
charcoal from the overlying midden. Two charcoal dates of 10,110 � 60 yr B.P. and
10,190 � 73 yr B.P. were obtained from immediately above the spring mound in Units
GG and HH (Figure 6), and early Holocene sediments overlie the spring mound on

KELLY ET AL.
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3 The horse innominates are the only uncataloged specimens; they are, however, mentioned in a letter from
Stanley Olsen to Sharrock (see footnote 2), who suggested that they compare well with the modern
horse, although they are small; other faunal analysts who have seen the remains or photos concur.
Additionally, these remains are not discussed in the F50 field notes, unless they are the bones referred
to by an excavator who admitted not knowing what anatomical portion they were. These remains all
appear in Sharrock’s (1966) Figure 17 [and a closer unpublished photo left Kelly with no doubt as to
which specimens they are], and are identified as bison. We tentatively identify them as horse and asso-
ciate them with F50. 



its east side (Figure 4). We conclude that the spring mound is primarily late
Pleistocene in age, and ceased forming at the end of the Younger Dryas, circa 10,200
yr B.P. The single physical “association” between artifacts and extinct fauna (F50)
on the mound’s west side probably resulted from bioturbation (enhanced by the
somewhat moister deposits of the spring mound’s west side).

However, the radiocarbon dates pose some additional issues. A 20,800 � 2200 yr
B.P. date from Unit CC (Figure 4) is considerably older than the postulated age of the
spring mound’s surface. This sample initially dated to 15,290 � 160 yr B.P. but was
re-run because the �13C value suggested that the lab had not removed all carbonates.
Several other dates were re-run due to their �13C values; in these cases the second
date was younger, as expected. The 20,800 yr B.P. date was obtained on a small sam-
ple, but at present, we cannot account for it or its large error. 

Beneath this date lies another, 4018 � 46 yr B.P., which is considerably younger than
those above it. Initially, this sample yielded an age of 4140 � 110 yr B.P. The large
standard deviation encouraged the lab to re-run it; this yielded a date of 9480 � 140
yr B.P., but with a high �13C value. Re-running it a third time gave an age of 4018 yr B.P.
We assume that the charcoal was intrusive, although it lay just outside a krotovina.

The other dates from this profile (Figure 4) form an expected progression. However,
there appears to be a hiatus between 5703 and 170 yr B.P. in unit EE and between 3968
and 290 yr B.P. in unit CC. Likewise, the dates from units HH and GG are all young
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Figure 6. Western profile of Units GG and HH, with radiocarbon dates. 



(Figure 6), less than 1400 yr B.P., with the exception of the two terminal Pleistocene
dates on the surface of the spring mound. In addition, one date of 1180 � 40 yr B.P. was
obtained on an Ovis vertebrae from nearby Unit II. Well-preserved Ovis remains appear
the same distance below the surface in the adjacent units of GG and HH, and thus pro-
vide something of marker bed across these units. If so, then the 1305 yr B.P. date above
them is slightly out of place, as well as the 625 yr B.P. date that lies below them. 

DO THREE OCCUPATION LEVELS EXIST?

Sharrock distinguished the three occupations as horizontally continuous and ver-
tically distinct layers of debitage. Using these criteria, however, we are unable to
confirm his findings. Figure 7a shows three representative examples. In unit CC,
there are three weak peaks in debitage density, but BB, EE, FF, GG, and II had only

KELLY ET AL.
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Figure 7. (a) Flake densities by 5-cm excavation level, Units CC, DD, and GG. (b)
Backplot of flakes with carbonates indicated for Unit II.



one peak, within 20–30 cm of the surface; AA, DD, and HH have only two peaks
(note that DD and FF lie only 0.5 m from CC). 

However, because Sharrock excavated primarily by shovel without screening, if
there were systematic differences in flake sizes between excavation levels, then an
excavator might have more readily recognized a level with large flakes and labeled
that level an “occupation.” However, we found no significant differences in mean
flake size between arbitrary levels (Moss, 2004), and backplots of piece-plotted items
(all of which are � 3 cm in length) mirror each unit’s density graph. 

Other data suggest that Sharrock’s “occupations” are mixed assemblages. We
found that virtually all carbonate-coated fauna in Sharrock’s Occupation 1 faunal
material were those of large (bison-sized) animals; remains without such a heavy
coating were those of Ovis. This suggests that the remains of large fauna have lain
in the ground longer than those of the bighorn sheep. As we noted, Camelops, Bison,
and Equus remains from Occupation 1 yielded dates in excess of 10,000 yr B.P. One
Ovis specimen, however, dated to 3980 � 80 yr B.P. We assume that Sharoock’s
Occupation 1 lithic assemblage is as mixed as the faunal material. 

Sharrock’s Occupation 2 collections also contain a range of dates. The Ovis spec-
imens are close to 4000 14C years old, but Occupation 2 also contained two hearths,
F29 and F52, that we dated to 2528 � 43 yr B.P. and 2887 � 66 yr B.P., respectively.
Sharrock’s Occupation 2, therefore, spans at least 1500 14C years. 

PINE SPRING’S STRATIGRAPHY RECONSIDERED

Casting doubt on Sharrock’s conclusions, however, does not necessarily mean
that the Pine Spring stratigraphy is hopeless, for “it is not just a question of whether
a site is in situ or not, but rather the nature and extent of the disturbances” (Dibble
et al., 1997, p. 647). Postdepositional processes affect even “intact” deposits. The
radiocarbon dates suggest that Pine Spring’s deposits are not so badly disturbed
that the law of superposition is not in effect. We checked this using several lines
of evidence. 

Carbonates

When items were piece-plotted, we recorded whether carbonates adhered to a
flake’s “up” and/or “down” side. Terrestrial carbonates form in two major ways (Rapp
and Hill, 1998, p. 81). In arid environments, in situ weathering and eolian dust pro-
vide carbonate that is dissolved and leached downward to the average depth of soil
moisture. Carbonates are then deposited mainly on the bottom of clasts as the sed-
iment dries. Alternatively, carbonate-bearing spring waters can infiltrate sediments
and deposit carbonate on all sides of clasts. In the first way, carbonates are carried
in atmospheric water, in the second, by groundwater. The �18O content of carbonate
samples should, therefore, reflect the source of the carbonates (Kelly, 1989). Older
groundwater should have more negative values, whereas recent waters should have
less negative values. As controls, we sampled the modern spring, summer rainwa-
ter, and winter snow. These yielded expected values (Table II). 
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The �18O content of carbonates removed from a sample of artifacts and faunal remains
were analyzed at the University of Wyoming’s Stable Isotope Facility.4 The samples in Table
II are arrayed between spring water/snow at one end of the spectrum and summer pre-
cipitation at the other. Bedrock and/or eolian sources of carbonates play an unknown
role in the �18O values reported here, and some carbonates may be derived from a mix-

KELLY ET AL.
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Table II. �18O values for samples from water, precipitation, and carbonates from Pine Spring. 

Catalog
number Sample Material Up/Down 18O Comments

Snow, 1999 –26.780 Corrected values,
3 run average

Spring water, summer 1999 –23.260 Corrected values,
3 run average

Snow, 1999 –22.600 Corrected values,
3 run average

Spring water, July 2000 –18.980 Corrected values,
3 run average

2166 II, level 13 Flake D –16.840 Average of 2 runs
1515 GG, level 15 Flake D –16.709 Corrected values
1892 GG, level 12 Flake D –16.563 Average of 2 runs
1516 GG, level 15 Flake D –16.434 Corrected values
737 Sharrock, vertebral process Bone –16.291 Corrected values
736 Sharrock, camel vertebral centrum Bone –16.205 Corrected values
1515 GG, level 15 Flake U –16.145 Corrected values
1748 II, level 9 Biface D –16.132 Average of 2 runs
1888 GG, level 12 Flake D –16.028 Average of 2 runs
1516 GG, level 15 Flake U –15.896 Corrected values

Sharrock, horse pelvis, right, Bone –15.819 Corrected values
occupation 1

UW 103 Sharrock, bison radius Bone –15.647 Corrected values
1868 GG, level 10 Flake D –15.587 Average of 2 runs
1877 GG, level 11 Flake U –15.486 Corrected values
1865 GG, level 10 Core D –15.477 Corrected values
2161 II, level 11 Flake D –15.158 Average of 2 runs
1751 II, level 10 Flake D –14.753 Average of 2 runs
1753 II, level 10 Flake U –14.565 Average of 2 runs

Rain, June 2000 –11.850 Corrected values,
3 run average

Rain, July 2000 –9.640 Corrected values,
3 run average

4 Carbonate samples were reacted with 100% phosphoric acid at 90°C, cryodistilled, and the resultant
purified CO2 introduced into a Micromass Optima dual-inlet stable-isotope ratio mass spectrometer.
Carbonate �18O values are reported wrt V-PDB. Two-milliliter aliquots from water and precipitation sam-
ples were loaded into septa vials under an atmosphere of research grade CO2 and ultra-high purity He.
After an 8-hour equilibration at 40°C, head-space gas was sampled by a Micromass Multiflow and ana-
lyzed with a Micromass Isoprime continuous flow stable isotope ratio mass spectrometer. Values for
water and precipitation samples are reported wrt V-SMOW.



ture of ground and atmospheric water. But, in general, the pattern is the expected one;
artifacts found deeper in the site, or within the spring mound, have more negative val-
ues than ones found higher in the stratigraphy. A few artifacts have �18O values more
negative than those of the megafauna remains (numbers 737, 736). These are from units
located south of Sharrock’s Trench 5 and from levels near the surface of the spring
mound. This may mean that they are as old as, or older than, those remains, or that they
have been more heavily affected by ground as opposed to atmospheric water. 

The presence of carbonates on artifact tops and/or bottoms is also a clue to post-
depositional artifact movement. If no postdepositional movement has occurred then
we expect to see no carbonates on artifacts in the upper levels, the zone of leach-
ing. Down lower, in the zone of pedogenic carbonate formation, we expect to see arti-
facts with carbonate-coated bottoms. Lower still, in the zone of periodic ground-
water saturation, we expect artifacts to have both their tops and bottoms coated
with carbonates. The presence of artifacts outside this pattern (e.g., with carbon-
ates on their up-sides only) or completely coated artifacts high in the profile, suggests
postdepositional movement. 

Figure 7b shows a representative flake backplot for Unit II, with flakes indicated
as having no carbonates, carbonate on their bottoms only, tops only, or top and bot-
tom. Flakes with carbonates on both sides tend to be found in the deepest levels,
whereas flakes with no carbonates tend to be found in the upper levels. Flakes with
carbonates on the down-side tend to be found in between these two. Few flakes
have carbonates only on their up-sides.

Unit II shows the pattern that we expect little to no postdepositional movement
to produce. This holds true for Units CC, DD, GG, and HH and, to a lesser extent, EE.
The carbonate data from AA, BB, and FF suggest these units are less intact (expected,
because these units were more heavily rodent turbated). 

Postdepositional Flake Damage 

Another measure of postdepositional movement comes from stratigraphic pat-
terns in postdepositional flake damage produced by burning and trampling. 

Range fires could produce layers of burned debitage across the site, whereas
heat-treatment failures or exposure to hearths might produce lenses. In either case,
peaks in the frequency of burned debitage between excavation levels should indicate
that there has not been much vertical movement of artifacts after the burned deb-
itage was buried. If much postdepositional movement had transpired, then we would
expect those peaks to be “blurred” and unrecognizable. 

To determine if such peaks exist at Pine Spring, we ran the debitage from each level
of Units DD, GG, and II through a 1/4-inch screen to obtain a sample (n � 20) from
each level. Heat-treatment experiments with Tiger chert (Cooper, 2002) show that
if heat-treatment is done properly, no crazing or potlidding occurs. Flakes exposed
to direct flame, however, break within 2–5 minutes, potlidding appears within 15
minutes, and crazing within 25 minutes. Thus, flakes showing crazing, potlidding,
and/or characteristic fire-damage breaks were classified as burned. Concerned that
burning might only be identifiable on large flakes, we checked for significant dif-
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ferences between the size of burned and unburned flakes. We found no difference
in Units DD and II, but burned flakes were significantly larger than unburned flakes
in Unit GG (0.75 as opposed to 0.56 g; t � 2.9, df � 26, 2-tailed p � .007). Still, we ten-
tatively conclude that flake size is not a relevant variable. Figure 8 shows the fre-
quency of burned debitage by level in each unit. All three have a peak near the base
of the excavation; each also contains at least one other peak closer to the surface,
although that of DD is less distinct than those are of GG and II. 

High amounts of trample damage in one level as opposed to another can indicate
either an increase in the number of persons walking across a surface or a stabilized
surface that saw more human and animal trampling than levels above or below it.
Because Pine Spring was used by small foraging bands, peaks in trample damage prob-
ably reflect surface stabilization. And peaks in trample damage, like peaks in burn-
ing, might point to relatively undisturbed deposits. 

As part of a Tiger-chert trample damage experiment, Cox (2002) measured tram-
ple damage by importing a flake’s scanned image into SigmaScan and measuring flake
perimeter and the widths of flake scars created by trampling. The ratio of total linear
edge of trample-induced flake scars to the flake’s total perimeter provides a measure
of flake trample damage. (The mean ratio for the experimental sample was 0.102.) 

We randomly selected 15 large flakes from each level of DD and GG, excluding
obviously retouched or—because they could be more susceptible to trampling—
burned flakes. These were then scanned and measured; although some flake-edge
damage can occur in manufacture, we assume this is constant and that flake-edge
damage monitors changes in the frequency of trample damage. Analysis revealed
two trample damage peaks in GG and three in DD (marked as black bars in Figure
8). The upper trample peak in Unit DD lies just below the surface and may have
been produced by the heavy machinery used to install a water pipe. Three of the
other four trample peaks are not correlated with peaks in burning.

Taken together, the presence of discernible peaks in burning and trample damage
may jointly indicate that only a modicum of postdepositional movement has occurred. 

Debitage Refits/Conjoins 

Another approach to determining stratigraphic integrity comes from the vertical
distribution of refitted and conjoined debitage pieces. All flakes that did not pass
through a 1/4-inch screen from units DD, GG, and II were examined for refits and con-
joins. Because 98% of the debitage is Tiger chert, we first searched for refits among
the exotic raw materials. Following Morrow (1996), we then sorted each level’s Tiger-
chert flakes into complete, proximal, medial, and distal portions; then, to find con-
joins, we compared each proximal flake to each medial and distal portion in all lev-
els. We then compared complete flakes to locate refits (flakes that fit onto the dorsal
scar of another complete flake). 

This exercise produced a few refits/conjoins separated by as much as 15 cm.
However, most refits/conjoins were to flakes in their own or adjacent levels. Thus,
these data, too, suggest little postdepositional movement in our excavation units. This
level of stratigraphic integrity means we can now consider other formation processes. 
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Figure 8. Debitage densities (light lines), percentages of gravel (heavy lines), and frequency of burned
debitage (dotted lines) by excavation level in Units DD, GG, and II, with selected radiocarbon dates; solid
bars � levels with significant trample damage; level of fire-cracked rock indicated in DD. Gravel densi-
ties are multiplied by 400 to fit to the debitage scale. 



EVALUATING REDEPOSITION, EROSION, AND DEFLATION

Both Sharrock and Jennings noted evidence for the transport of colluvium into and
through their Trenches 4 and 5. Sharrock (1966, p. 16) noted a “fossil gully” upslope
that he thought contributed gravel lenses to Trench 5. The micromorphological sam-
ples suggest that some slopewash contributed material to the B horizon on the
mounds’ east side. Were the artifacts we recovered on the eastern and western sides
of the spring mound also deposited by slopewash? Are the artifacts in secondary
and not primary context? We turned to flake orientation and sediment analyses to
help answer these questions. 

Flake Orientation and Inclination

Objects moved by fluvial action, including slopewash, have long axes oriented to
the direction of flow (e.g., Dibble et al., 1997); thus, orientation data may point in the
direction of slopewash. Figure 9 shows rose diagrams for units along the east (AA–FF)
and southwest sides (GG–II) of the spring mound. Artifacts in units AA, BB, and FF
slope to the west or southwest, while those in CC through EE slope to the east/south-
east. The overall site slopes from south to north; therefore, if these artifacts had
washed downslope, we might expect them to point more northward. Instead, the
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on east side of spring mound and Units GG-II on west side. 



data point to the presence of a narrow gully along the east edge of the spring mound.
Artifact median inclinations, which range from 6 to 18 degrees, suggest that the
flakes were deposited on a gently sloping surface and were not deposited by rapid
downslope movement, as, for example, in a small mudflow event. Although sedi-
ment weight can “flatten” artifact inclinations over time, experiments suggest that
considerably thicker deposits than those at Pine Spring are required (Andrews, 2006). 

The postulated gully on whose sides the artifacts were deposited is supported by
the stratigraphies of backhoe trenches (2000 Trenches 1, 2, and 3; Figure 3), which
show the midden thinning considerably to the east and Stratum IIe rising sharply to
the east in 2000 Trench 1. At some point in time, the postulated gully accumulated
midden deposits with artifacts oriented in their current directions through localized
sheetwash on the sides of the gully and spring mound, and not through transport
from a source uphill to the south. 

Orientation data from units GG, HH, and II, on the west side of the spring mound,
are more complex, yet they too suggest that artifacts were not redeposited from the
hillslope above. Artifacts in GG slope down to the east/southeast; in HH, they slope
to both the north and the south, and in II, they slope to the southeast. Slopewash
should have produced orientations to the north and/or northwest. Possibly, these
orientations are affected by the faunalturbation that was dramatic in these units,
but they presently do not support slopewash deposition of the artifacts. 

Sediment Samples

We checked these interpretations through analysis of sediment samples. If slope-
wash introduced artifacts to the site, then it should also have introduced equiva-
lently sized unmodified rock (as there is a ready source in the Bishop gravels upslope)
and produced gravel frequencies that mirror debitage frequencies. 

Sediment samples from DD, GG, and II were weighed and then deflocculated in 6
L of water mixed with 1 cup of dissolved dishwasher detergent. After gentle mixing,
each sample sat for 24–48 hours. After pouring off the water, we wet screened the
remaining sediment through a No. 100 geological screen. Sediments that passed through
the screen settled for 24 hours, after which the excess water was poured off and the
sediments air-dried, weighed, and bagged. Sediments retained in the No. 100 screen were
dried and screened through a column of stacked sieves, representing phi units –8, –6,
–2, –1.75, –1, 0, 1.0, and 3.0. Fractions remaining in screens above phi unit 1.0 were sorted
into rock, debitage, bone, gastropod, plants, and other. Figure 8 shows the relationship
between debitage and gravel abundance for the three tested units. Debitage densities
in Figure 8 are in-field flake counts. “Gravel” includes all unmodified rock from phi units
–1.0 and above; gravel density is the total gravel weight divided by the sample’s total
initial weight (excluding debitage, bone, and shell).

There is an increase in gravel abundance near the base of all three excavation
units that is associated with low debitage densities, if not a complete absence of
debitage. In Unit DD, the debitage peak is not associated with a gravel peak. In Unit
GG, a peak in debitage is associated with a gravel peak near the ground surface,
whereas in nearby Unit II, a peak in gravel is associated with a decline in debitage
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density. These data suggest that the archaeological deposits are not principally a
product of slopewash and redeposition. 

DISCUSSION 

Our data cannot duplicate Sharrock’s three occupations. Possibly, our excava-
tion areas are not comparable to those of Sharrock, especially his Trench 5, where
the occupations were defined. We excavated a smaller area than did Sharrock, and
the units were restricted to the edges of the spring mound, not the center of an infill-
ing basin. Perhaps, then, we should not expect to duplicate Sharrock’s stratigraphy;
nonetheless, the data do show that the three occupations do not extend outside the
Trench 5 area, as Sharrock assumed. 

Our analyses also show that there appears to be a hiatus in the record. On the
west side of the spring mound, dates in excess of 10,000 yr B.P. lie just above the spring
mound, but there are no dates between 10,000 and 1300 yr B.P. (except for the intru-
sive date of 2007 yr B.P. in the spring mound). Likewise, a discontinuity is present
on the east side of the spring mound, where the lowest levels of Stratum IId contain
early Holocene dates, but there is, minimally, a hiatus between ~3900 and ~290 yr B.P. 

One explanation for this hiatus is deflation. In fact, Husted (1995, p. 56) suggested
that deflation produced Sharrock’s Occupation 2, as evidenced by the presence of a
variety of point types and by the fact that Sharrock only recovered hearth charcoal
beneath rocks—everything else having blown away. However, deflation should pro-
duce a lag deposit that would appear as peaks in both debitage and gravel densities.
Possibly, an episode of deflation is tracked by the gravel peaks in lower levels of the
deposits, perhaps produced by an arid, post–Younger-Dryas climate, during which
time we have no substantial evidence of human use of the site. Gravel and debitage
peaks generally do not coincide in the deposits; therefore, the evidence is somewhat
equivocal on the southwest side of the spring mound, but the east side shows no
correlation and thus no evidence of deflation. 

A second explanation for the hiatus is erosion, post-3900 yr B.P. on the east side
and sometime between 10,000 and 1300 yr B.P. on the west side. The spring mound
may have channeled slopewash to either side of the mound, creating cut-and-fill
episodes that account for the hiatus in radiocarbon dates. It could also have washed
material into Sharrock’s Trench 5, creating the mixed Occupation 2 assemblage.
However, we saw no clear evidence of stratigraphic discontinuities in our excava-
tion units and no clear evidence for significant slopewash deposits, as noted above. 

A third explanation is that aggradation simply ceased ~4000 yr B.P., and a long-
lived stable surface formed. Regionally, hillslopes stabilized and slopewash decreased
at the transition of the more arid early and middle Holocene to the beginning of the
Neoglacial era, � 5000 yr B.P. (Dahms, 1994; Eckerle, 1997). As noted above, a soil
that developed into the upper portion of Stratum IIe, as observed in backhoe
Trenches 2000-1, -2, and -3, may correlate with the soil in the Ab→Btk horizon in units
CC–EE. This soil suggests a cessation of aggradation, and it lies just below the level
of the hiatus in radiocarbon dates in the CC–EE profile (Figure 4). A more slowly
aggrading surface could account for the peak in debitage and fire-cracked rock in
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Units CC, DD, and EE, as well as for the mixture of time-marker artifacts and radio-
carbon dates in Sharrock’s Occupation 2 assemblage. In addition, the middle tram-
ple peak in DD lies just above the Ab→Btk soil, supporting an interpretation of a
slowly aggrading surface. 

However, the increase in artifact frequency in Units GG, HH, and II occurs after
1180 yr B.P., because the highest debitage density lies above the postulated surface
containing the 1180 yr B.P. Ovis remains. In GG, the Ovis remains are in a level asso-
ciated with a burning peak, and a trample peak lies above that level. Possibly, the post-
3968 yr B.P. peak in artifacts in CC–EE is actually post-1180 yr B.P. in age. On the other
hand, there is clearly a mid-to-late Holocene occupation in the Trench 5 area, as
marked by hearths (circa 2500–2900 yr B.P.) and a possibly substantial bighorn sheep
kill (circa 4000 yr B.P.). 

CONCLUSION

At present, we hypothesize that a cessation in aggradation from 4000 yr B.P. to
circa 1200 yr B.P. created Sharrock’s Occupation 2, the site’s major period of use.
Although there are deposits at the site that immediately overlie the spring mound
and that date to ~10,000 yr B.P., there are few archaeological remains within the
spring mound itself. The biface that Sharrock found 45 cm from the camel verte-
brae was the only artifact found close to megafaunal remains, but because the
Occupation 1 fauna are clearly a mixture of late-Pleistocene and mid-Holocene
remains, we cannot discount the possibility that this biface is mid-Holocene or
later in age. We saw no bone breaks on the Camelops or other megafaunal remains
that natural processes cannot account for, nor were there any observable cut
marks. In sum, no evidence confirms human involvement in the deaths of the horse,
camel, and bison at Pine Spring. 

We could not locate evidence of Sharrock’s three occupations and conclude that
the 1964 assemblage cannot be analyzed using Sharrock’s occupations as the units
of analysis. Unfortunately, there are only small pockets of intact sediments at the site,
removing the possibility for substantial future excavations. Possibly, the unit-level
proveniences can be used to break the assemblages apart, but, at present, we do not
know on what basis to do so. There is some potential for analyzing the large num-
ber of sheep remains that Sharrock assigned to Occupation 2, although the con-
temporaneity of the assemblage would need to be demonstrated through radiocar-
bon dating—Ovis remains from the site date to both the middle and late Holocene,
and the faunal remains and features assigned to Occupation 2 cover a range of mid-
to late-Holocene dates.
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