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Fieldwork conducted at the Nall North locale and the adjacent playa documents buried Paleoindian deposits and a stratigraphic sequence dating back to the late Pleistocene. Cultural
debris recovered from the surface of Nall North includes bone, tools, and lithic ﬂake debris.
Two buried paleosols at the locale date to the early Holocene and hold high potential for
Paleoindian materials. The Baker paleosol, a stabilized surface above the shoreline of the
adjacent playa lake, dated between ca. 6870 and 7740 yr B.P., contains a rich cultural component of tools, ﬂakes, and bone, and represents a potential surface for Angostura and Allen/
Frederick artifacts. Located below the Baker soil is the Nall soil (dated to ca. 9650 yr B.P.)
that probably represents a marsh facies of the playa ﬁll. The Nall soil represents a potential
surface for Plainview/Goshen-age artifacts, although excavations thus far have recovered no
cultural debris. In the playa adjacent to the Nall North locality, a sequence dating between
ca. 12,960 and 5310 yr B.P. documents localized spring ﬂow into the playa during the late
Pleistocene, followed by several thousand years of playa muds during the early Holocene,
and the eventual drying of the playa in the middle Holocene. 䉷 2003 Wiley Periodicals, Inc.

INTRODUCTION
Recent ﬁeld studies and museum work in the Oklahoma Panhandle uncovered
widespread evidence of hunter-gatherer occupation in the region during the late
Pleistocene and early Holocene (Baker, 1939, n.d.; Baker et al., 1957; Baker and
Campbell, 1960; LaBelle, 1997). The Nall archaeological site, the focus of this paper,
is by far one of the larger and more productive sites in the region, and suggests
the repeated use of a playa wetland over several thousand years by Paleoindian
and later groups. Although analysis and additional ﬁeldwork are ongoing, this paper
documents ﬁeld investigations completed at the site over the 1998 – 2000 ﬁeld seasons, and preliminary ﬁndings of the geoarchaeology and geochronology of the site
(LaBelle, 1999a, 1999b, 2000). Results of the reanalysis of the artifact collection, as
well as aspects of the hunter-gatherer archaeology of the site, are summarized here
but will be presented in much greater detail elsewhere.
Nall (34CI134) is located in the far western panhandle of Oklahoma (Figure 1),
in southern Cimarron County, at an elevation of 1233 m asl. The site is situated in
the upland ﬂats of the county, on the drainage divide separating the Beaver River
(the North Canadian River) and Coldwater Creek. The “ﬂats” are underlain by eoGeoarchaeology: An International Journal, Vol. 18, No. 1, 5– 34 (2003)
䉷 2003 Wiley Periodicals, Inc.
Published online in Wiley Interscience (www.interscience.wiley.com). DOI:10.1002/gea.10048
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Figure 1. Location of the Nall site and other sites on the Great Plains mentioned in the text.

lian sheet sediments heavily altered by soil formation, likely an equivalent of the
Blackwater Draw Formation (Pleistocene) recognized on the Southern High Plains
(Reeves, 1976; Holliday, 1989). Sheets of unconsolidated, probably Holocene sands
locally cover the Blackwater Draw Formation. Shallow, circular, seasonally wet
lake, or “playa,” basins are inset into the formation throughout the area (Eiﬂer and
Fay, 1984; Brosowske and Bement, 1998). Nall is exposed in several deﬂation basins
in sheet sands that drape into the western and northwestern edges of a topographically shallow (4 – 6 m) playa basin, approximately 750 – 1000 m in diameter (Figure 2).
William Baker, the Cimarron County soil conservation agent and an amateur
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Figure 2. Nall Playa and the Nall North locality. The shaded region represents the total area of the
playa basin. The location of Nall South represents an approximate boundary.
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archaeologist from nearby Boise City, discovered the site in the early 1930s. In a
little over 20 years of collecting (1931 – 1956), Baker accumulated a large collection
of artifacts from the site (N ⫽ 900⫹), most of which were tools. He also noted
thousands of ﬂakes on the surface of the site, but these were not collected unless
they were diagnostic or were noted eroding from what he recognized as Pleistocene-age deposits. His only publication on the site was a brief report co-authored
with T. Campbell and G. Evans in 19571 (Baker et al., 1957).
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SUMMARY OF PRIOR RESEARCH
Two classes of tools, projectile points and scrapers, dominate the inventory of
lithics recovered at Nall. More than 400 projectile point fragments were collected,
most being late Paleoindian lanceolate concave-based points, including parallelobliquely ﬂaked Allen/Frederick points (Mulloy, 1959; Irwin-Williams et al., 1973;
Hofman, 1989) and Plainview/Goshen forms (Sellards et al., 1947; Knudson, 1983;
Frison, 1996). Most of these projectile points occur as broken bases and/or tips,
suggesting weaponry retooling was one of the dominant activities at the site. This
is not surprising, given that many of the point tips display impact fractures. Clovis,
Folsom-Midland, Agate Basin, Cody, and other projectile point types were also
collected, but occurred in limited numbers.
Several forms of scrapers are also present (more than 150), including end,
spurred, side, and various ﬂake scrapers. Most specimens are worn but complete,
but there are also a large number of snapped scraper tips. Among the other tool
forms recovered were gravers, drills, and a few preforms and cores. The vast majority of the diagnostic artifacts are Paleoindian in age and given that fact, and the
similarity of lithic raw material pattern across all tool classes, the bulk of the artifacts from the site are presumed to be from the same archaeological complexes.
Very few identiﬁably Archaic or Late Prehistoric artifacts were recovered.
The artifacts collected by Baker came primarily from two separate localities, the
more northern of which contained most of the artifacts and is referred to as Nall
North in this paper (Table I). Baker was never able to determine if the two localities
represented contemporaneous occupations, as approximately 600 m separates
them (Figure 2). No artifacts were found to reﬁt between the two areas, yet the
two localities appear related, at least chronologically, because both areas yielded
large quantities of similarly aged Late Paleoindian material.
It is likely that many different types of activities took place at this site. For
example, Baker mentions in his ﬁeld notes that “camp rocks” were found at the
Nall North locality (Baker, n.d.). These rocks were most likely the remains of features such as hearths, because rocks are not available in the immediate vicinity of
the site (the closest sources are most likely the Beaver River located a little over
10 km to the north and Coldwater Creek also located about 10 km away, but to the
1

Baker’s collection contains artifacts catalogued by Campbell and his assistants for their initial publication on the site (Baker et al., 1957). However, there are additional artifacts from the site, collected
by Baker and others, that have not yet been formally summarized or described.
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Table I. Summary of lithics recovered from Nall North, 1931– 2000.
Project

Flakes

Tools

Total

William Baker collection (1930s– 1950s)
Terry Thrall collection
Oklahoma Archeological Survey site record
SMU-Quest (1998– 1999) excavation
SMU-Quest (1998– 2000) survey

⬃39
0
71
396
175

457
2
1
3
6

496a
2
72
399
181
1150

a

top of RH
base of RH

Minimum number of artifacts.

south). As previously stated, the considerable number of projectile point bases, and
tips with impact fractures, possibly suggests an animal kill and a retooling campsite.
An extensive amount of hide working was also undertaken at the site, given the
high frequency of broken scraper tips and discarded complete scrapers. Baker did
note bison teeth from the surface, as well as various pieces of bone, but our excavations have not yielded substantial bone deposits (see below). The low frequency of cores and preforms is surprising given the inferred temporal depth of
on-site occupation. Their notable absence suggests one of three scenarios (none
of which are mutually exclusive): First, most early stage biface manufacturing took
place off-site; second, biface manufacturing sequence resulted in a minimal breakage of preforms; or third, that portions of the site containing these activities (among
others) are presently buried.
It is relevant to add that there is a remarkable diversity of lithic raw materials
present at the site, which is not located near any high quality raw material sources.
The site lithic assemblage represented by Baker’s collection is dominated by Alibates dolomite, which has outcrops available 115 km to the southeast in the Texas
Panhandle along the Canadian River (Bryan, 1950; Shaeffer, 1958; Green and Kelly,
1960; Holliday and Welty, 1981). Even more distant materials such as Edwards
(Banks, 1990), Niobrara (Wright, 1985; Wedel, 1986; Hofman, 1990), Cerro Toledo
and El Rechuelos obsidian from the Jemez Mountains of New Mexico (Shackley,
1998), and possibly Flattop (Greiser, 1983; Black, 2000), are also present but sparse.
Closer sources are present in varying quantities, such as several varieties of quartzite, basalt, petriﬁed wood, and opalite, which are all available within 50 km of the
site in the Cimarron and North Canadian drainages (Lopez and Saunders, 1973;
Saunders, 1978; Brown, 1979; Saunders and Saunders, 1982; Winter, 1988; Lintz,
1997). The various quartzites are probably local in origin, most likely from the
numerous outcroppings of Dakota quartzite in the region (Banks, 1984, 1990; Stein,
1985; Mateer, 1987), including the Tesesquite source northwest of the site area or
from other secondary deposits in the above-mentioned drainages.2
2

We have surveyed portions of the nearby Beaver River (areas surveyed located 10– 25 km from Nall)
for river cobbles suitable for stone tool production. As of yet, we have not found any cobbles large
enough for making tools or of suitable quality for biface manufacture (Bobby Nickey, personal communication, 2001).
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Nall is a rich site containing a large quantity and diversity of stone tools. Other
localities from the Central and Southern Plains yielding such an abundance of tools
include Blackwater Draw (Hester, 1972), Claypool (Dick and Mountain, 1960), Lindenmeier (Wilmsen and Roberts, 1978), and Lubbock Lake (Johnson, 1987). Exactly
what this large assemblage from Nall represents, and why it is located at this particular playa, is of great interest. Our geoarchaeological and archaeological studies
are aimed at attempting to determine whether the site represents a palimpsest of
many repeated late Paleoindian occupations at the same locale or, at most, only
one or two large aggregations of hunter-gatherer groups (Hofman, 1994). Other
goals include documenting its paleoenvironmental and stratigraphic history and
determining whether there is any stratigraphic separation of the Plainview/Goshen
and the slightly more recent Allen/Frederick complexes, or whether they are essentially contemporaneous at this locality (several bison bonebeds on the Central
and Southern Plains such as Bonﬁre Shelter [Dibble and Lorrain, 1968], Milnesand
and Ted Williamson [Sellards, 1955; Johnson et al., 1986], Rex Rodgers [Willey et
al., 1978], and Lone Wolf Creek [Wormington, 1957], among others, have shown
contemporaneity between Plainview and other generally late Paleoindian complexes3).
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METHODS
We initiated a ﬁeld and collections-analysis program at Nall in 1997 – 1998. The
ﬁeld component has involved intensive surface collection, test and block excavations, and systematic coring and trenching (Figures 3 and 4). Most of our ﬁeldwork
and the following discussion focuses on the results of our excavations and coring
from the Nall North locality for several reasons.4 First, Baker collected most of the
tools from that locale (Table I). Second, the blowout continues to yield surface
artifacts in discrete clusters. Third, and most importantly, our testing has revealed
that intact late Pleistocene and early Holocene deposits remain in portions of the
locale.
Our ﬁeld methods consisted of hand dug excavation pits, backhoe trenches, and
Giddings sediment cores (7.6-cm-diameter barrel for cores, 10.2-cm-diameter barrel
for column sampling). Sediment samples were systematically collected from excavation units to identify and quantify any pollen, phytoliths, gastropods, or insects
present. In addition, strata identiﬁed in the backhoe trenches were sampled for
particle size analysis. Charred materials recovered from excavation units and back3 Recently, there has been a renewed discussion of the Plainview type and its typological afﬁnity between
sites located across the Southern and Central Plains of Texas (Kerr and Dial, 1998). However, the coassociation of “Plainview” with non-Plainview forms at many sites (as cited in this paper) highlights the
many difﬁculties in regional typological studies based upon cognitive templates of biface style and
production.
4
Our research at Nall South has been rather limited, restricted to several Giddings cores and proﬁle
descriptions. The area in the vicinity of Nall South appears to have heavily deﬂated and subsequently
reburied by dune sands, most likely in the recent past. With such poor surface visibility, only a few
lithics have been recovered from the locality (⬍5).
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Figure 3. Location of Giddings cores around Nall Playa, 1998– 2000.
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Figure 4. Giddings cores (circles), proﬁle descriptions (diamonds), and backhoe trenches in the vicinity
of Nall North, 1998– 2000. The dashed rectangle represents the area seen in Figure 5.
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Figure 5. Excavations at Nall North, 1998– 2000. Each ﬁlled square represents 1 m2.
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hoe trenches were collected for species identiﬁcation and radiocarbon dating. Bulk
samples of buried organics were also collected for radiocarbon assay. For the organic-rich sediments, radiocarbon ages were determined on both decalciﬁed bulk
sediment and on the base-soluble (humic acid) fraction. Among these pairs, the
oldest of each is used as an approximation of the “true” age of the sample. All
radiocarbon ages are fraction corrected and are reported as years before present
(yr B.P.), rather than calibrated to “calendar” years before present.
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NALL NORTH GEOARCHAEOLOGY
As of 2000, we have completed 25 m2 of excavations, split between block excavations in a particularly rich cultural deposit (11 m2), and in other areas of the site
where test excavations (14 m2) were conducted. Exposures on the margin of the
blowout around the main block were also cleared for stratigraphic investigation
(Figures 4 and 5). The work revealed a stratiﬁed sequence of ﬁne-grained deposits
(mostly loam and sandy loam) ⬎1.0 m thick, several with buried soils. In general,
the sediments are interpreted as eolian. They were deposited when the climate was
more arid and vegetation was sparse. The intermittent soils formed when moister
and more heavily vegetated conditions stabilized the landscape.
The oldest deposits exposed at the site are bedded white sands (Stratum 1) 2 –
4 m thick, some of which have iron oxide staining (Tables II and III). These basal
sands contain abundant gastropods, as well as partially mineralized faunal remains.
William Baker, in his unpublished notes on the site (Baker, n.d.), mentions that he
found gastropods as well as some ﬂakes in these white sands, although he did not
recover any diagnostic tools within these sediments at Nall North.5 We did not
recover dateable material from Stratum 1, but radiocarbon ages of ⱖ9600 yr B.P.
for the overlying deposits indicate the white sands are at least latest Pleistocene
in age. Clovis artifacts recovered from the surface of Nall South (Baker, n.d.; Baker
et al., 1957) likely came from Stratum 1, given its age.
Resting on top of Stratum 1 is a black to dark olive gray sandy loam 20 – 30 cm
thick (Stratum 2), which we have labeled the Nall soil (Tables II and III). The dark
colors and angular-blocky structure are indicative of subaerial weathering and pedogenesis (ABkb4 horizonation; 88 – 111 in Table III), likely under conditions of high
organic-matter production and saturation (which probably produced the mottling
and manganese oxidation in Stratum 1). Laboratory analyses show low organic
carbon content (Table III), but this condition is probably due to post-burial oxidation of most of the organic carbon, leaving only dark colors as evidence of higher
organic matter production. This is a common phenomenon in buried soils (Parsons
et al., 1962; Stevenson, 1969; Bettis, 1988; Holliday, 1988). The ﬁlms and threads of
secondary carbonates are probably related to pedogenesis in overlying sediments.
The Nall soil probably represents a basin-margin facies of the playa ﬁll. However,
whether this soil represents a layer of playa mud or is a local accumulation of ﬁnes
5

Baker stated that he found artifacts in a “white sand and soft caliche mixture . . . well below [the]
old lake bed of black humus” (Baker, n.d.).
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Table II. Field description of Proﬁle 4, main excavation block, Nall North.
Strat

Soil
Depth b.s.
Horizon
(cm)

7

Description

0– 7

Historic sand; no description

ABk

7– 13

Btk

13– 35

Brown/dark brown (10YR 5/3, 4/3m) loamy sand/sandy loam; moderate
subangular blocky structure; common CaCO3 threads and nodules
Yellowish brown/dark brown (10YR 5/4, 4/3m) sandy loam; moderate
subangular blocky– weak prismatic structure; common, faint CaCO3
ﬁlms and threads

ABkb1

35– 41

ABwb1

41– 51

ABtkb2

51– 64

Btkb2

64– 80

3

ABkb3

80– 88

Brown/dark brown (10YR 5/3, 4/3m) sandy clay; weak subangular blocky
structure

2
Nall
soil

Abk1b4

88– 97

Grayish brown/dark grayish brown (10YR 5/2, 4/2m) loam; angular
blocky structure; common CaCO3 ﬁlms and threads

Abk2b4

97– 111

As above except 10YR 4/3m

6

5

4
Baker
soil

top of RH
base of RH

Grayish brown/dark grayish brown (10YR 5/2, 4/2m) sandy loam;
subangular blocky structure; common CaCO3 ﬁlms and threads
Brown/dark brown (10YR 5/3, 3/3m) sandy loam; moderate subangular
blocky structure
Dark/very dark grayish brown (10YR 4/2, 3/2m) sandy clay loam; strong
subangular blocky– moderate prismatic structure; common faint
CaCO3 ﬁlms and threads; continuous clay ﬁlms on ped faces.
Brown/dark brown (10YR 4/3, 3/3m) sandy clay loam; strong subangular
blocky– prismatic structure; thick, continuous clay ﬁlms on ped faces

and organic matter along the basin margin separate from the playa ﬁll remains
unclear.
Fragmented bone was recovered in nearly all units excavated into Stratum 2;
however, cultural materials (such as ﬂakes) were absent. Two radiocarbon ages
were obtained on organic material from the soil, which date to 9640 ⫾ 110 yr B.P.
(Beta-121881; Abk1b4 horizon) and 9650 ⫾ 100 yr B.P. (Beta-125446; ABk2b4 horizon; Table IV). These two ages are statistically the same, yielding a mean age of
9645 ⫾ 74 yr B.P. The similarity in the ages probably represents mixing due to the
high biological activity during pedogenesis. This mixing further suggests that the
dates provide only a minimum age for the layer.
Above the Nall soil is a thin (8 – 15 cm) dark reddish brown zone that is higher
in sand (Tables II and III) and appears to represent cumulization of the Nall soil.
In view of the lithologic distinctiveness of the zone, it is identiﬁed as a separate
unit (Stratum 3) and as a distinct soil (ABkb3 horizon; 80 – 88 cm in Tables II and
III). A lightly burned feature, perhaps a hearth or a rodent nest, was situated at the
contact between Stratum 3 and the underlying soil. The small feature (roughly
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% of ⬍2 mm Fractiona

Depth b.s.
(cm)

VCOS

COS

MS

FS

VFS

%Sand

%Silt

%Clay

%OCc

%CaCO3d

ABk
Btk

7– 13
13– 35

0
0

1
1

7
9

24
27

39
27

71
64

23
30

6
6

0.33
0.27

3
3

6

ABkb1
ABwb1

35– 41
41– 51

0
0

3
3

13
13

18
18

13
13

47
47

44
45

9
8

0.28
0.31

4
2

4

ABtkb2
Btkb2

51– 64
64– 80

0
0

3
6

12
14

13
11

12
9

40
40

48
44

12
16

0.30
0.19

3
3

3

ABkb3

80– 88

0

11

33

21

9

74

14

12

0.21

1

2

ABk1b4
ABk2b4

88– 97
91– 111

0
0

6
3

24
17

20
25

11
19

61
64

27
31

12
5

0.11
0.17

1
1

a

Sand fraction determined by wet sieving; sand-silt-clay fractionation determined by pipette procedure (Janitzky, 1986a; see also Holliday [2001] for
additional details); VCOS ⫽ very coarse sand; COS ⫽ coarse sand; MS ⫽ medium sand; FS ⫽ ﬁne sand; VFS ⫽ very ﬁne sand.
b Strat 7 (0– 7 cm) and Strat 1 (below 111 cm) were not sampled.
c OC ⫽ organic carbon, determined by Walkley-Black method (Janitzky, 1986b).
d CaCO ⫽ calcium carbonate equivalent, determined by Chittick method (Machette, 1986); Tr ⫽ trace (⬍1%).
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Table III. Laboratory data for Proﬁle 4, main excavation block, Nall North.
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Strat

Material

Method

Lab #

Baker (Stratum 4)
lower Baker (Stratum 4)
upper Nall (Stratum 2)
lower Nall (Stratum 2)
Feature 1/upper Nall contact
(Stratum 2-3 interface)

Charcoal
Organics in paleosol
Organics in paleosol
Organics in paleosol
Charcoal

AMS
Radiometric-standard
Radiometric-standard
Radiometric-standard
AMS

Beta-141597
Beta-121880
Beta-121881
Beta-125446
Beta-138041

a

Measured
14
C Age
6850
7740
9640
9650
9700

⫾ 40
⫾ 80
⫾ 110
⫾ 100
⫾ 80

13

C/12C
Ratio

⫺23.8
⫺25.0a
⫺25.0a
⫺25.0a
⫺26.8

Corrected
14
C Age
6870
7740
9640
9650
9670

⫾ 40a
⫾ 80a
⫾ 110a
⫾ 100a
⫾ 80

Estimated 13C/12C ratio.

RIGHT
BATCH

17

EARLY HOLOCENE PALEOINDIAN DEPOSITS IN OKLAHOMA, U.S.A.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL

Table IV. 14C dates from main excavation block, Nall North.
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circular in shape, 40 – 50 cm in diameter, and 9 cm in depth) contained fragments
of wood (possible twigs of cottonwood or poplar), a few chenopod seeds (Chenopodium sp.), a grape seed (Vitis sp.), uncharred grass (Poaceae) and sunﬂower
(Asteraceae) seeds, leaf hairs, insect parts, snails, non-human animal hairs, burned
and unburned bone and teeth, and microdebitage debris (Powell and Lopinot,
2000). Charred material from the feature yielded an AMS age of 9670 ⫾ 80 yr B.P.
(Beta-138041; Table IV). This age is indistinguishable from those determined on the
underlying organic matter. That the sediment and charcoal ages overlap suggests
essentially contemporaneous deposition (with an estimated mean age of 9656 ⫾
54 yr B.P.), even given the vagaries of dating such materials (e.g., Frederick, 2001;
Nordt, 2001). Small amounts of bone and a few ﬂakes were also recovered nearby,
although their origin, either through natural or cultural accumulation, is presently
unknown. Thus, the evidence at hand is insufﬁcient to make any deﬁnite conclusions concerning Paleoindian occupation in Stratum 3.
The youngest Paleoindian levels are in a buried soil formed in the ﬁne-grained
eolian sediment of Stratum 4. The soil, named the Baker soil in honor of the site
discoverer, is 25 – 35 cm thick and a dark reddish brown loam, with well-developed
ABtk-Btk horizonation (b2 soil; 51 – 80 cm in Tables II and III). Excavations in the
upper B horizon yielded a dense cluster of hundreds of pieces of debitage (mostly
of Alibates agatized dolomite), small amounts of charcoal, and bone fragments (up
to 15 cm in size) of medium to large-sized mammals (likely bison).6 Two formal
tools were recovered from this upper soil: a large side scraper made of Edwards
chert, and a parallel-obliquely ﬂaked constricted base projectile point made of a
local quartzite. This particular style of point, similar to the Angostura type
(Wheeler, 1995), is otherwise underrepresented in the Baker collections from the
site. Charcoal from this cultural level yielded an AMS age to 6870 ⫾ 40 yr B.P.
(Beta-141597; Table IV). Further dating of this component is critical to discerning
what changes (e.g., diet breadth, mobility, paleoclimate) took place during the socalled Paleoindian-to-Archaic transition of the early to middle Holocene (Meltzer,
1999). An additional projectile point base was recovered slightly lower in the same
soil. This lanceolate concave-based point made of Alibates is more similar to the
Allen/Frederick type or perhaps Plainview, which are the two dominant forms in
the collection. A bulk sample of organic material from this portion of the lower
Baker paleosol dated to 7740 ⫾ 80 yr B.P. (Beta-121880; Table IV).
Overlying the Baker soil are three layers of loamy eolian sediment. Soils formed
in the lower two layers (Stratum 5 and 6), and the lowest of these two (ABwb1) is
welded to the Baker soil (Stratum 5, ABWb1 soil, 41 – 51 cm in Tables II and III).

top of RH
base of RH
top of text
base of text

6

The archaeology of the Baker soil is discussed in more detail elsewhere (LaBelle 1999a, 2000), including
illustrations of the various tools and the projectile points. Based upon the vertical distribution of cultural
material, it appears that there are at least two cultural components within the Baker soil: an Angostura
occupation and an underlying Allen/Frederick component. The 7740 yr B.P. date represents a minimum
age for the Allen/Frederick component.
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These post-Baker sediments and soils date to the middle and late Holocene. The
youngest eolian sediments are probably historic in age (Stratum 7 in Table II).
Test excavations in other areas of Nall North conﬁrm this general stratigraphic
sequence, although only limited cultural materials (mostly bone and several lithics)
were recovered in test units. As previously mentioned, the site consists of highdensity artifact clusters surrounded by low-density scatters of ﬂakes. Also, excavations have shown that surface ﬂake density is not necessarily representative of
subsurface artifact concentrations.
Clearly, Nall North is a large site7 (at minimum 30,000 m2) requiring more extensive excavation in order to determine the extent and location of the multiple cultural occupations at the site (combined with Nall South, the site is clearly massive).
Cultural components may not necessarily be stacked on top of one another (seen
at sites such as Hell Gap and Clovis) because there are no natural features (e.g.,
bedrock, stream beds, spring outlet) other than the playa edge that constrained the
placement of site activities. Limited attempts at remote sensing (using proton magnetometry) have not as yet been successful, but we hope to continue with additional remote sensing in the future in hopes of discovering buried features.
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BROADER GEOLOGICAL INVESTIGATIONS
Backhoe trenches and cores were very helpful in correlating the deposits across
and immediately around the original blowout, as well as in integrating the archaeological deposits with those of the more distant playa and surrounding landscape.
In all, three backhoe trenches totaling 79 m were excavated and proﬁled. Fifty-one
Giddings sediment cores were also placed across Nall North (Figures 3 and 4). In
addition, we placed six cores towards the Nall South locality, trying to identify
additional artifact-bearing soils and sediments. Unfortunately, Nall South is heavily
eroded and many of the soils and sediments recognized to the north are simply not
present in the south.
Trench 99-1, placed on the western edge of the blowout and adjacent to the block
excavation (Figure 4), conﬁrmed the general stratigraphic sequence of soils evident
in the excavation units, with the same series of mid- to early Holocene soils above
older iron-stained sands (Stratum 1). These sands form the basal unit across much
of the site and the adjacent uplands.
Within the blowout itself, the Paleoindian-bearing deposits were removed
through erosion, most likely in the 1930s, when the site was collected by Baker, or
during the subsequent 1950s drought. Test pits in the base of the blowout demonstrate that approximately 30 – 70 cm of historic ﬁll, which is heavily mottled and
mixed, has washed into central portion of the depression. Flakes and small pieces
7

Nall North is estimated at a minimum size of 30,000 m2 based upon the horizontal distribution of lithic
debris recovered from the site surface. Flakes were recovered beyond this arbitrary boundary, and the
site is probably much larger. As most of the site is presently vegetated and stabilized, it should also be
noted that cultural material is evident in most areas where erosion is active.
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of bone are also within the ﬁll. Thus, the thousands of ﬂakes that Baker observed
on the surface of Nall North are likely buried within this ﬁll. It appears that the
blowout was around 4450 m2 in size when Baker ﬁnished collecting from the site,
based upon mapping of the horizontal distribution of the disturbed unit.
Trench 99-3, placed on the eastern edge of the blowout, conﬁrms that intact
deposits are present here as well (Figure 4). Within the trench, several early Holocene buried soils, with ﬂakes, burned bone, and charcoal, were investigated. Unfortunately, the charcoal proved too small for AMS dating. The upper soils are
truncated, with the mid-Holocene deposits removed and overlain by late Holocene
(probably historic) dune sands. At present, we do not know whether the artifacts
and charcoal are from the Baker soil or from the lower Nall soil. Older sands
(Stratum 1) are also present in the trench, including pockets of coarse white sand.
The trenching and coring shows that the bedded sands of Stratum 1 occur north,
south, and upslope of the main excavation area, as well as east toward the basin
ﬂoor. These sands were deposited by ﬂowing water, which shows that either (1)
overland ﬂow from the west was emptying into the basin or (2) springs were active
on the west side of the site. We favor the former interpretation. There is no topographic evidence of a stream channel west of the Nall playa. Moreover, the Stratum
1 sands are signiﬁcantly different from alluvium studied elsewhere, for they have
a high content of medium and coarse sand, but no gravel. On the Southern High
Plains, medium and coarse sand is rare in all settings, and alluvium is typically ﬁner
sand with gravel. Admittedly the alluvial deposits of the Southern High Plains are
far to the south, but they provide some indication of what to expect in a similar
setting and in any case are the only comparable sediments. The springs on the
northwest side of the Nall playa might help explain the intense Paleoindian occupations in the vicinity of Nall North (although the matter requires further investigation).
In general, ﬁne to medium eolian sand is the dominant surface deposit throughout the site area. An eolian sand sheet varying from 1- to 2-m-thick blankets the
upland around the playa and drapes the basin margin. Within the sand sheet are
two to three buried soils. The lower one or lower two probably represent facies of
the Baker soil, the exact correlation depending on local accumulation of eolian
sediment. At the base of the eolian sand is another buried soil, probably equivalent
to the Nall soil in Stratum 2 at the main block. This soil varies in morphology.
Upslope from the Nall North and the basin ﬂoor, the soil is well drained and similar
to the Baker and other younger soils. Closer to the basin margin, the soil is more
poorly drained and similar to the Nall soil in the main block and also underlain by
mottling and manganese oxides in Stratum 1. The soil probably was inﬂuenced by
ﬂuctuations in water level in the basin, but, as in the main excavation area, we do
not yet know if the more poorly drained facies of the Nall soil represents a facies
of the playa ﬁll.
Laboratory data are available for several of the cores and proﬁles from the site.
Two cores (99-13 and 99-14; Tables V and VI) placed between the playa center and
Nall North provide a dated sediment column (Figure 3, Table VII). Thirteen paired

20

VOL. 18, NO. 1

top of RH
base of RH
top of text
base of text

short
standard

GEA(Wiley)

RIGHT

BATCH

EARLY HOLOCENE PALEOINDIAN DEPOSITS IN OKLAHOMA, U.S.A.

top of text
base of text

Table V. Field description of Giddings Core 99-13, Nall Playa.
Strat
Sandy
loam

Soil
Depth b.s.
Horizon
(cm)

Description

A

0– 8

Btj

8– 35

Bw1
Bw2
Bw3
Bw4

35– 55

Randall
clay

2C

70– 140

Bedded
sand

3C
4C
5C

140– 145
145– 151
151– 166

Coarse sand
Fine sand
Coarse sand

Tahoka
clay

6C

166– 265

Light gray/light brownish gray (10YR 7/1, 6/2m) clay; coarse angular
blocky; common CaCO3 coats and nodules

55– 70

top of RH
base of RH

Strong brown/dark brown (7.5YR 4/6, 3/2m) loamy sand; weak subangular blocky structure
Yellowish brown/dark brown (10YR 5/4, 4/3m) loamy sand; weak
subangular blocky– weak prismatic structure; few thin, patchy clay
ﬁlms on ped faces
Brown/dark brown (10YR 5/3 3/3m) sandy loam; weak subangular
blocky– very weak prismatic structure
As above; coarser structure

Gray brown/dark gray brown (2.5Y 5/2, 4/2m) silty clay, silty clay
loam, silt loam; strong subangular blocky– moderate prismatic
structure; pressure ﬁlms on ped faces; common, soft CaCO3 nodules 95– 103 cm

samples were submitted for radiocarbon analysis (decalciﬁed sediment and humic
acid fractions) and a total of 24 radiocarbon ages are available, spanning the late
Pleistocene to the late Holocene (Table VII). The cores exhibited the following
stratigraphic sequence, from bottom to top: a basal olive gray, calcareous clay;
bedded sand; dark gray, calcareous mud; sandy loam. The basal olive gray clay
(166 – 395 cm in Table VI) is lithologically similar to a variety of upper Cenozoic
lacustrine beds reported from the southern Great Plains (e.g., the Blanco Formation, Tule Formation, Tahoka Formation) (Reeves, 1976; Gustavson et al., 1991;
Holliday et al., 1996). Organic-rich sediment about 10 cm below the top of this unit
is dated at ca 12,960 yr B.P. This is the general age range of the Tahoka Formation
(Reeves, 1976; Gustavson et al., 1991). The sedimentological and paleoenvironmental signiﬁcance of this unit is as yet unclear because we do not yet know
whether these sediments were deposited in the Nall basin or if the basin is inset
into the calcareous clay.
The bedding and sorting indicate that the sand lens above the clay was deposited
by ﬂowing water. These sands (140 – 166 cm; Table VI) are lithologically similar to
the Stratum 1 sands in the main excavation block and are considered to be the
same stratigraphic layer. Organic matter was observed in the sand lens just below
the overlying mud in both Cores 99-13 (140 – 145 cm; Table VII) and 99-14 (175-180
cm; Table VII). Radiocarbon analysis yielded a wide array of ages for these lenses
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% of ⬍2 mm Fractiona

Depth b.s.
(cm)

VCOS

COS

MS

FS

VFS

%Sand

%Silt

%Clay

%OCb

%CaCO3c

0– 8
8– 15
15– 25
25– 35
35– 45
45– 55
55– 65
65– 70

0
0
0
0
0
0
0
0

5
2
1
0
1
1
2
1

17
11
9
6
7
11
12
10

25
28
25
13
25
34
27
23

26
32
39
42
30
32
27
27

73
73
74
61
63
78
68
61

22
23
23
36
28
18
26
35

5
4
3
3
9
4
6
4

0.70
0.54
0.48
0.45
0.27
0.17
0.21
0.28

Tr
Tr
Tr
4
4
2
4
4

A
Btj1
Btj2
Btj3
Bw1
Bw2
Bw3
Bw4

Randall clay

Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud
Playa mud

70– 75
75– 80
80– 85
85– 90
90– 95
95– 100
100– 105
105– 110
110– 115
115– 120
120– 125
125– 130
130– 135
135– 140

0
0
0
0
0
1
1
0
0
1
0
0
0
0

1
1
1
1
2
2
2
2
1
1
1
0
1
3

7
7
7
5
6
5
7
8
6
3
7
3
5
14

14
11
9
7
7
7
9
18
15
4
9
4
4
12

18
14
13
7
6
6
8
13
8
4
5
3
4
11

40
33
30
20
21
21
27
41
30
13
22
10
14
40

41
42
51
40
39
38
36
28
36
47
43
47
43
31

19
25
19
40
40
41
37
31
34
40
35
44
43
29

0.30
0.37
0.33
0.31
0.26
0.29
0.26
0.15
0.25
0.30
0.39
0.33
0.27
0.27

3
4
4
10
13
12
13
6
9
13
8
11
11
9

Bedded sand

Coarse sand
Clay lenses
Fine sand
Coarse sand

140– 145
142– 144
145– 151
151– 166

0
0
0
0

17
8
2
11

54
29
10
38

14
9
39
30

5
6
36
11

90
52
87
90

4
24
7
4

6
24
6
6

0.15
0.14
0.14
0.14

4
7
2
7

Tahoka clay

Olive gray clay
Olive gray clay

166– 265
265– 395

0
0

1
2

9
3

9
2

5
1

24
8

38
29

38
63

0.34
0.26

37
35

Sand fraction determined by wet sieving; sand-silt-clay fractionation determined by pipette procedure (Janitzky, 1986a; see also Holliday [2001] for
additional details); VCOS ⫽ very coarse sand; COS ⫽ coarse sand; MS ⫽ medium sand; FS ⫽ ﬁne sand; VFS ⫽ very ﬁne sand.
b
OC ⫽ organic carbon, determined by Walkley-Black method (Janitzky, 1986b).
d CaCO ⫽ calcium carbonate equivalent, determined by Chittick method (Machette, 1986); Tr ⫽ trace (⬍1%).
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Table VI. Laboratory data for Giddings Core 99-13, Nall Playa.
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Core

Randall clay

99– 13
99– 13
99– 13
99– 13
99– 13
00– 15
99– 13
00– 15
99– 13
00– 15

70– 75
80– 85
90– 95
100– 105
110– 115
110– 115
120– 125
120– 125
130– 135
130– 135

11287
11288
11289
10975
11290
11896
10976
11897
11291
11898

Bedded
sand

99– 13

140– 145

Tahoka clay

99– 14
99– 14

175– 180
244– 260

NSRL
Lab #

CURL
Lab #

Decalciﬁed
Sediment

13

C/12C
Ratio

3360 ⫾ 35
5540 ⫾ 55
5380 ⫾ 40
6310 ⫾ 50
7040 ⫾ 50
7530 ⫾ 60
8140 ⴞ 55
7840 ⫾ 50
8010 ⫾ 45
8710 ⴞ 65

⫺13.8
⫺15.3a
⫺13.7
⫺14.8
⫺14.8
⫺16.05
⫺15.3
⫺16.28
⫺15.6
⫺16.75

10977

7250 ⫾ 60

10978
10979

10090 ⫾ 55
11950 ⫾ 75

5265
5266
5268

CURL
Lab #

13

Humic Acids
5310 ⴞ 55
6740 ⴞ 50
4240 ⫾ 40
7200 ⴞ 40

C/12C
Ratio

⫺15.4
⫺15.3a
⫺13.7
⫺16.0

b
b

7270 ⫾ 45
8570 ⴞ 120
7450 ⫾ 45
8480 ⫾ 110

⫺15.6
⫺15.87
⫺15.6
⫺15.55

⫺15.7

9180 ⴞ 60

⫺16.6

⫺16.5
⫺21.5

10150 ⴞ 70
12960 ⴞ 580

⫺16.5
⫺21.0

5267
5269

a

Estimated 13C/12C ratio.
Insufﬁcient humic acid for dating.
Cores 99-13 and 00-15 were located in the same position. Core 99-14 was located nearby, also on the playa ﬂoor.
NSRL ⫽ number assigned to each sample submitted to the University of Colorado Radiocarbon Lab.
CURL ⫽ University of Colorado Radiocarbon Lab number, assigned to each radiocarbon age beginning in mid-2000.
Bold ⫽ acceptable radiocarbon ages.
b
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Table VII. 14C dates from Giddings Cores 99-13, 99-14, and 00-15, Nall Playa.
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(Table VII). The oldest age is ca. 10,150 yr B.P., indicating that water was ﬂowing
onto the basin ﬂoor during late Folsom/early Plainview occupation of the region.
This ﬁts well with the evidence from Nall North showing that Stratum 1 deposition
ended and Stratum 2 deposition began ⬎9600 yr B.P. What is unclear at this point
is whether the coarse bedded sands found beneath the eolian layers and soils on
the western basin margin (e.g., the main excavation block) all date to this general
time (ca. 10,000 yr B.P.), or if only localized areas were active at that time. This is
important to understanding which stratigraphic unit contains sediment ⬎11,000 yr
B.P. (i.e., of Clovis age) and whether Stratum 2 deposition and Nall soil formation
overlap in time with Stratum 1 deposition (i.e., was ﬂowing water depositing sand
in some parts of the western basin margin while marsh sediments were accumulating in others?).
The sand lenses at the base of the playa ﬁll and Stratum 1 on the western playa
margin represent hydrologic conditions (ﬂowing water) signiﬁcantly different from
the subsequent environment of muddy, marshy conditions of the playa ﬂoor and
Stratum 2 in Nall North. This change is probably due to a decline in the amount of
effective precipitation, though whether we are seeing drying or warming, or a seasonal change, or some combination of these conditions, is presently unclear. A
similar hydrologic change at about the same time (between ca. 11,000 and 10,000
yr B.P.) is reported from the Southern High Plains and probably was due to warming and perhaps drying (Holliday, 1995, 2000a).
The gray mud in the playa is essentially identical to muds described for playas
throughout the Southern High Plains (Allen et al., 1972; Gustavson et al., 1995;
Holliday et al., 1996). On county soils surveys in that region, the muds are mapped
as the “Randall Clay” and are informally referred to as such in stratigraphic work
(Gustavson et al., 1995; Holliday et al., 1996). The muds represent accumulation of
ﬁnes, probably deposited by wind, on the ﬂoor of a heavily vegetated, probably wet
lake basin (Gustavson et al., 1995). In contrast to the sandy deposits on the uplands,
the accumulation of ﬁnes and aggradation of mud in the playa appears to result
from wetter conditions when abundant vegetation is present to trap dust and impart
more organic matter to the deposits. During drier conditions, the muds are deﬂated
or simply not deposited and locally eolian sand is deposited (e.g., the San Jon playa,
described by Hill et al. [1995]) (Gustavson et al., 1995; Holliday et al., 1996).
The mud layer in Nall playa is up to 70 cm thick. Radiocarbon ages show that
they span the early and middle Holocene (Table VII) and also indicate varying rates
of mud accumulation. Sand content also varies as the mud becomes younger (Table
VI). The absence of weathering in the underlying sand lens suggests that the mud
began to accumulate on the basin ﬂoor shortly after deposition of the sand lens.
The minimum age from the sand lens in Core 99-13 shows that the base of the mud
dates to at least 9100 yr B.P., and the age on the sand in Core 99-14 indicates that
mud deposition began by ca. 10,000 yr B.P. This roughly correlates with deposition
of Stratum 2 and the marshy conditions indicated by the Nall soil. The sand lens
dated to ca. 9100 yr B.P. may represent local early Holocene sand deposition (discussed above) concomitant with the early phases of mud deposition.
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The relatively high content of sand at the bottom of the gray mud in Core 99-13
(135-140 cm; Table VI) probably dates to at least 9000 yr B.P. and may correlate to
the sandy zone dated to ⬍ 9500 yr B.P. on top of the Nall soil in Nall North. This
sand mobilization may mark a period of aridity. From ca. 9000 yr B.P. to ca. 7530 –
7200 yr B.P., the amount of sand deposited decreased and silt deposition dramatically increased (this is also apparent at ca. 7740 yr B.P. in the excavation area).
This may mark an increase in vegetation cover due to more effective moisture. It
might even indicate a shift in the prevailing winds to those from the north, where
loess deposits were still exposed in the early Holocene. Sand content increased
signiﬁcantly just prior to ca. 7200 yr B.P. (105 – 110 cm, in Table VI), possibly indicating an episode of aridity. From ca. 7200 to ca. 6740 yr B.P., the sedimentation
rate was relatively high (15 cm in 500 radiocarbon years); during this period, the
silt deposition stayed relatively high, and the proportion of sand remained low.
This may be indicative of a wetter phase in the basin, roughly correlating to the
stability that produced the Baker soil. Both sand and silt content increased in the
playa from ca. 6740 to ca. 5310 yr B.P. and the sedimentation rate decreased, suggestive of drying. Mud deposition ended just after ca. 5300 yr B.P.
The ﬁnal phase of deposition is represented by the accumulation of eolian sandy
loam. This probably was shortly after ca. 5300 yr B.P. and is indicative of regional
wind erosion and probably peak “Altithermal” aridity. The relatively well-developed
surface soil (A-Bt horizonation; 0 – 70 cm in Tables V and VI) in this layer of sandy
loam is indicative of a relatively long period of stability, probably most of the late
Holocene.
Preliminary analysis of phytolith and insect samples have failed to produce any
conclusive results, and pollen sampling has not been attempted, given the eolian
depositional environment, calcareous soils, and ﬂuctuating water table. Additional
sampling in the playa basin is planned, as is analysis of gastropod samples from
excavation units.
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DISCUSSION AND CONCLUSIONS
Compared to the Southern High Plains and Colorado Piedmont, relatively few
Paleoindian geoarchaeological projects have been conducted in the Oklahoma Panhandle and surrounding region since the discovery of Nall 70 years ago (Mandel,
2000). However, the last ten years has seen signiﬁcant new research at local Paleoindian sites such as Cooper (Bement, 1999), Folsom (Meltzer et al., 2002), Lipscomb (Todd et al., 1992), Waugh (Hofman, 1995), Winger (Mandel and Hofman,
this issue), as well as a large project on nearby Palo Duro Creek (Peterson, 1988;
Quigg et al., 1993). Our work at Nall aims at providing an additional environmental
and chronological baseline for future late Pleistocene/early Holocene research conducted in the region. With little doubt, additional research in the area is bound to
be very productive given the high density of Paleoindian materials in area (Baker,
1939; Wedel, 1939; Wright, 1940; Rhoton, 1955; Steen, 1955, 1976; Baker et al., 1957;
Baker and Campbell, 1960; Dale, 1967; Lintz, 1978; White, 1981, 1987; Jackson et
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al., 1982; Thurmond, 1990; Hofman and Wyckoff, 1991; Hofman, 1993; Blackmar
and Hofman, 1997; Mallouf and Mandel, 1997; Beaver, 1998; Blackmar, 1998a,b,
2001; Ballenger, 1999a,b,c).
Our preliminary investigations have provided important data aiding in interpretation of the Baker collections from Nall North (Figure 6 and Table VIII). First, if
the Plainview materials in that collection date to the same period as sites to the
south on the Llano Estacado, 10,000 ⫹ 500 yr B.P. (Holliday et al., 1999; Holliday,
2000b:Table VIIB), then the lower paleosol (the Nall soil or Stratum 2) and the
contact with the eolian red sand represent potential surfaces for Plainview artifacts.
As of yet, no dense cultural deposits have been located for that period at the site.
Second, a slight cultural hiatus occurred during the subsequent period, when sediment composing the red sand unit (Stratum 3) was deposited, from around 9500
to 9000 yr B.P. This age range ﬁts well with regional dates on the Cody Complex
(Holliday, 2000b:Table IXB), a complex that is rarely represented in the extant Nall
collection. Third, following this relatively drier episode, there was once again a
stabilization of the ground surface, marked by the formation of the Baker soil
within Stratum 4, a surface on which there occurred an occupation by Allen/Frederick and Angostura groups (post-9000 yr B.P., and closer to 8000 – 7000 yr B.P.).
Whether the Baker collection from that period is a product of a contemporaneous
but spatially differentiated occupation, or from multiple, repeated occupations is
still unknown. Following these occupations, the site was only intermittently and
lightly occupied by Archaic groups throughout the rest of the Holocene, particularly
after the lake began to dry after ca. 5300 yr B.P.
When Nall is compared to other Paleoindian sites known from the Great Plains,
the site appears at ﬁrst to be a relative anomaly in terms of its assemblage size and
tool diversity, with only a few notable comparisons. However, on-going analysis of
Paleoindian assemblages within the dune ﬁelds of the Oklahoma and Texas Panhandles, as well as northeastern Colorado, have documented additional large and
heavily reoccupied Paleoindian sites within each of these areas (LaBelle, 1997,
2001). Furthermore, it appears that most dune ﬁelds from the Central and Southern
Plains (as shown in Muhs and Holliday [1995]) contain high densities of Paleoindian
assemblages (e.g., Pearce, 1938; Fritz and Fritz, 1940; Green, 1961; Wendorf and
Hester, 1962; Polyak and Williams, 1986; Holliday, 1997). Sites such as Nall, and
other large sites in the Baker collection, demonstrate that there is a substantial gap
in our present knowledge of redundant land use practices by Paleoindian groups.
Our work at Nall North has only begun to address some of the issues that we
set out to investigate. Field investigations at the locale are on-going, aimed at expanding both surface and subsurface archaeological assemblages, and opening additional backhoe trenches to further integrate buried paleosols across the site.
Additional studies of magnetic susceptibility and sediment compaction are underway to assess the degree of post-depositional disturbance to site deposits.
The Nall geoarchaeological project would not have been possible without the dedication of a great crew,
especially the work of Rusty Greaves and John Seebach. The coring was completed with the assistance

26

VOL. 18, NO. 1

top of RH
base of RH
top of text
base of text

short
standard

GEA(Wiley)

RIGHT

BATCH

EARLY HOLOCENE PALEOINDIAN DEPOSITS IN OKLAHOMA, U.S.A.

top of RH
base of RH

Figure 6. Generalized stratigraphic cross section of the western half of Nall Playa and adjacent Nall North excavation block. Not to scale.
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Playa Margin/Upland
Date
yr B.P.
Late
Holocene

Strat

Archaeology

7
6
5?

Geologic Processes
Eolian sedimentation
with episodic stability and soil formation

Playa Basin
Date,
yrs B.P.
Late
Holocene

⬃5300
Angostura
4

⬎7740

Sandy loam

⬍5300

5?

⬃6870

Strat

Allen/
Frederick

Eolian sedimentation
followed by stability and formation
of the Baker soil

Geologic Processes

Environment

Stability with soil formation; minor, slow
eolian sedimentation?

Episodic drought

Eolian sedimentation

“Altithermal” aridity

Aggradation of playa
mud

Minor aridity followed by relatively moist conditions

Eolian sedimentation &
initial deposition of
playa mud

Minor aridity followed by relatively moist conditions

Alluvial sedimentation
(spring fed?) with
some mud
Lacustrine sedimentation

Abundant moisture and runoff;
active springs?

Calcareous mud
“Randall Clay”
Sand

⬎7200
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Table VIII. Correlation of the Nall North and Nall playa geology and the reconstructed paleoclimatic sequence.

⬎8700
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Eolian sedimentation
with slight soil formation

⬃9000

ⱖ9650

2

Plainview?

Eolian sedimentation;
in marsh facies of
playa?

⬃10,000

Alluvial sedimentation (spring fed?)
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⬃10,150

Sand lenses

ⱖ13,000
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