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ABSTRACT

Playa basins are small depressions (typi-
cally ≤1.5 km2) on the Southern High Plains of
northwestern Texas and eastern New Mexico.
There are about 25 000 playas in the region;
they lie on the Blackwater Draw Formation
(Pleistocene), a widespread eolian deposit, and
locally on the Ogallala Formation (Miocene–
Pliocene). Understanding the lithostratigra-
phy and chronostratigraphy of the fill in the
basins is important because it should (1) pro-
vide clues to the origin and evolution of pla-
yas, which have been long debated; (2) yield a
paleoenvironmental record for the region;
and (3) aid in understanding the history and
future of the regional aquifer because playas
are the principal source of recharge.

Data from 19 playa basins, combined with
published data from 4 other basins, show that
the basin fill is composed of six distinctive fac-
ies: (1) lacustrine mud; (2) lacustrine carbon-
ate; (3) lacustrine delta deposits; (4) eolian
sand and silt; (5) eolian loam; and (6) accre-
tionary eolian deposits (Blackwater Draw
Formation). Mud deposited under ponded
conditions is the most common facies and is
the surficial deposit on the floors of most
playas, often producing Vertisols. The carbon-
ate was precipitated under lacustrine condi-
tions and is another common facies and sur-
face deposit. Delta deposits are common near
the basin margins. Well-sorted layers of eolian
sand and silt and poorly sorted eolian loam
occur locally above, within, or below the lac-
ustrine deposits. The modern basins in all
study areas are locally or completely inset into
the Blackwater Draw Formation, supporting
the interpretation that the basins are at least
in part erosional features. In larger basins
with thicker fills, generally coincident with

thicker Blackwater Draw Formation, the for-
mation interfingers with the lacustrine fill.

Dating is based on radiocarbon ages from
the fill in 12 basins and from lunettes adjacent
to 5 basins. All dated basins were present at the
end of the Pleistocene and some were present
in some form throughout the Pleistocene. La-
custrine mud and other clastic deposits accu-
mulated in the late Quaternary and locally
much earlier, showing that at least some basins
contained water throughout the time of hu-
man occupation of the region. Dating of eolian
sediments supports other data indicative of
aridity and wind deflation in the early and late
Holocene. The lacustrine carbonate is late
Pleistocene or older and its paleoenvironmen-
tal significance is unknown.

These lithostratigraphic and chronostrati-
graphic relationships show that some basins
have a prolonged history as depressions, per-
sisting in more or less the same location as the
High Plains surface aggraded by eolian addi-
tion (Blackwater Draw Formation) through-
out the Pleistocene. Sizes of the basins varied
through time as they were encroached upon by
the Blackwater Draw Formation, enlarged by
fluvial, lake margin, and eolian erosion, were
filled and reexposed, or were buried. Some
basins are newly formed on the High Plains
surface and have no apparent predecessors.
The only evidence for subsidence beneath the
basins is gently warped fill in the basins on the
northern margin of the region, known to be af-
fected by salt dissolution in Paleozoic bedrock.
Pedogenic carbonates typically are absent
from or beneath the basin fill, due to focused
recharge through the basins. Playa basins
probably have been a ubiquitous component of
the High Plains landscape through much of the
Quaternary.

INTRODUCTION

Playa basins are relatively small, roughly cir-
cular to oval, internally drained depressions on
the otherwise gently sloping surface of the
Southern High Plains. There are thousands of
playa basins and their origins have been debated
for almost a century (Table 1). Gustavson et al.
(1995) critically reviewed the major hypotheses
on the origins and development of playa basins.
Some evidence is available to support each hy-
pothesis, but the playa basins probably are not
the result of a single process. However, for all
the discussions of these ubiquitous features, and
considering their numbers, there are very few
field data on their lithostratigraphy or geochron-
ology. Most of the published stratigraphic infor-
mation deals with one to three playas studied by
investigators using different methods and at-
tempting to answer varying research questions
(Sellards, 1938; Judson, 1950, 1953; Lotspeich
et al., 1971; Allen et al., 1972; Osterkamp and
Wood, 1987; Holliday et al., 1994; Paine, 1994)
(Table 1).

To better understand playas this paper pre-
sents data on the stratigraphy of fill in 19 playa
basins, integrated with published studies of 4
other playas, and the dating of fill in 12 of the
study basins. The lithology and geochronology
of the basin fills, and the stratigraphic relation-
ships of the basin fills to the basins and to the
substrate are fundamental characteristics that
contain clues regarding the origin and develop-
ment of playas and the paleoenvironmental his-
tory of the region. The study of these basins also
is important because playas are the principal
source of recharge for the Ogallala aquifer
(Wood and Osterkamp, 1984; Nativ, 1988; Nativ
and Riggio, 1990; Stone, 1990; Mullican et al.,
1994). Moreover, the origin and evolution of
playa basins represent a significant component
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of the Quaternary landscape evolution of a large
portion of the continent.

SETTING

The Southern High Plains is a vast
(130 000 km2) plateau in northwest Texas and
eastern New Mexico (Fig. 1) composing the
southernmost portion of the High Plains physio-
graphic section (Fenneman, 1931; Hunt, 1974).
The climate of the Southern High Plains is conti-
nental and semiarid (Russell, 1945; Carr, 1967).
The natural vegetation of the region was a mixed-
prairie grassland (Blair, 1950; Lotspeich and
Everhart, 1962), but today most of the area is un-
der cultivation. Slight topographic relief is pro-
vided by playa basins, dunes, and dry valleys
(“draws”) (Reeves, 1965, 1966, 1972; Wendorf,
1975; Hawley et al., 1976; Walker, 1978; Holli-
day, 1985a, 1995a). About 25 000 small (<5 km2)
depressions dot the landscape (Sabin and Holli-
day, 1995) and contain seasonal lakes or “playas.”
There also are about 40 larger (tens of square kilo-
metres) basins, also called playas or “salinas.”
Salinas are ground-water discharge sites; they are
not considered to be equivalent to the small playas
and are not part of this study. About 1100 of the
small playa basins have crescent-shaped dunes or
“lunettes” on their northeast, east, or southeast
sides, composed of sediment deflated from the
basins (Sabin and Holliday, 1995).

The playa basins lie on the Blackwater Draw
Formation and locally on the Ogallala Formation,
and the lunettes are on the Blackwater Draw For-
mation. The Ogallala Formation is composed of
alluvial and eolian strata up to 250 m thick depos-
ited during the Miocene and Pliocene (Gustavson
and Finley, 1985; Winkler, 1987; Gustavson and
Winkler, 1988). The Ogallala Formation is an im-
portant water-bearing deposit. This aquifer sys-
tem, which extends north to southern South Da-
kota, is one of the largest in North America and
supports a major agricultural region (Weeks and
Gutentag, 1988). The upper Ogallala has a thick,
highly resistant, pedogenic calcrete, the “caprock
caliche.” The Blackwater Draw Formation, which
largely buries the Ogallala, accumulated through-
out the Pleistocene and is the major surficial de-
posit of the Southern High Plains (Reeves, 1976;
Holliday, 1989a). The formation is a widespread
eolian deposit up to 30 m thick with numerous
buried soils. These sediments were largely de-
rived from the Pecos River Valley and vary in
thickness and particle size from a thin veneer of
sand and sandy loam in the southwest to a thick
deposit of clay loam in the northeast.

Playa basins vary considerably in size, ranging
from 80 m2 (10 m diameter) to 4.8 km2 (2.5 km
diameter), although a few are much larger, in-
cluding one of the study sites (Table 2). Most are
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TABLE 1. PROPOSED PROCESSES OF PLAYA BASIN ORIGIN AND DEVELOPMENT

Process References

Defflation Evans and Meade (1945), Reeves (1966), and Reeves and Parry 
(1969), Kaczrowski (1977)

Dissolution of underlying evaporite Johnson (1901), Baker (1915), Patton (1935), Price (1944), Reeves 
(1971), Gustavson et al. (1980), Reeves and Temple (1986), 
Paine (1994)

Animal activity Chamberlin (see Gilbert, 1895), Gould (1907), Baker (1915), 
Reeves (1966)

Leaching of calcic soils and calcretes Judson (1950, 1953)
and deflation

Piping of fines, eluviation, and Wood and Osterkamp (1984), Osterkamp and Wood (1987)
calcrete dissolution

Differential compaction Johnson (1901)

Figure 1. The Southern High Plains showing major drainages and the locations of study playas
mentioned in the text. Playas: 1–Boyd, 2–Bradshaw, 3–Brown, 4–Cone, 5–Elida, 6–Finley,
7–Finney, 8–Gentry, 9–Lupton East, 10–Miami, 11–Ryan, 12–San Jon, 13–Seminole-Rose,
14–Sevenmile, 15–TDCJ, 16–Truett, 17–Vance, 18–Washington Street, and 19–Wink. Playas re-
ported by other investigators: A1, A2, A3 (Allen et al., 1972) and L (Lotspeich et al., 1971).
Lunettes: 4–Cone, 20–Lupton West, 21–Peterson, 22–Texzona. Inset shows the location of the
Southern High Plains in Texas.



SMALL PLAYA BASINS, SOUTHERN HIGH PLAINS

Geological Society of America Bulletin, August 1996 955

≤1.5 km2, however, and about half are ≤0.1 km2

(Sabin and Holliday, 1995). Depths of the basins
are extremely variable. Some are completely
filled with lacustrine sediment and have no topo-
graphic expression, whereas others are >14 m
deep. The shapes (using a “roundness index” of
0–1; Ebdon, 1977) vary from circular (roundness
index = 0.95) to oval or bean shaped (roundness
index = <0.30) (Sabin, 1992).

The variation in texture of the Blackwater
Draw Formation strongly controls the distribu-
tion and size of playa basins (Gustavson et al.,
1995; Sabin and Holliday, 1995). Playas are most
numerous in the coarsest (sandy), most easily de-
flated substrate, followed by the finest (clayey)
substrate. Increased clay content normally re-
duces erodibility, but the clayey soils of the plains
form erodible, sand-size aggregates (Chepil and
Woodruff, 1963; Lyles, 1977; Breuninger et al.,
1989). The deepest playas and those with largest
area also are in the easily erodible clayey sub-
strate. These data support the hypothesis of playa
basin development and maintenance by erosion
rather than by dissolution and subsidence (Sabin

and Holliday, 1995). Gustavson et al. (1995) pro-
posed that these erosive processes include cen-
tripetal fluvial erosion and deflation of the flu-
vially derived sediment. Lunettes most often are
associated with deeper and wider playas (Sabin
and Holliday, 1995). The presence or absence of
lunettes probably is related to the nature of the
playa fill and is not a function of playa-basin sub-
strate texture.

The hydrologic regime of playas plays a criti-
cal role in the stratigraphy of playa fills. Because
recharge to the Ogallala Aquifer is focused
through playas (Stone, 1990; Mullican et al.,
1994), chlorides and soil carbonate, which accu-
mulate in the playa soils as a result of evapo-
transpiration, are mostly flushed through playa
sediments by recharge (Stone, 1990; Gustavson
et al., 1994). Both surface and buried soils in in-
terplaya areas may contain as much as 70%
CaCO3 by volume, in comparison to playa soils,
which typically contain little or no carbonate.

This study presents data on playas from the
central and northern regions of the Southern
High Plains (Fig. 1). The study basins vary in size

from 80 m2 (10 m diameter) to an unusually large
one of 20 km2 (6.0 × 3.7 km) (Table 2). Three of
the basins (Miami, San Jon, and Ryan) were the
sites of Paleoindian archaeological and geologi-
cal research. We investigated the other 16 playa
basins specifically to study the age, origin, evolu-
tion, and hydrology of the depressions and the
fills. Seven of the basins were part of a long-term,
systematic study of playas in and near Amarillo
(Fig. 1). Additional data on playa fills are avail-
able from chronostratigraphic studies of lunettes
adjacent to five playa basins (Holliday, unpub.
data) and from pedologic studies by Allen et al.
(1972) (three playas) and Lotspeich et al. (1971)
(one playa) (Fig. 1).

METHODS

The field data came from exposures and cores,
and from previous investigations. The San Jon
playa is exposed by an extensive and deep gully
system that removed much of the basin fill. The
Finney, Gentry, Ryan, and Seminole-Rose playas
are exposed in excavations. All other playas were

TABLE 2. PLAYA STUDY SITES, SOUTHERN HIGH PLAINS, UNITED STATES

Playa Size of basin* Fill Basin Facies BwDr Formation Leached
D A R thickness† filled§

Mud Lake Delta Sand Silt Eolian Basin Interfinger carbonate**
(m) carbonate lens lens loam inset#

Boyd 1.1 0.89 6.0 4.5†† X X
Bradshaw 0.27 0.04 1.5 3.7 X X ?
Brown 0.4 0.10 4.0 3.5†† X X
Cone§§ 1.2 1.4 7.0 2.0†† X
Elida 0.4 0.06 4.0 2.5†† X X##

Finley 1.5 1.9 3.0 7.6 X X ?
Finney*** 0.15 0.02 0 3.5 X X X X X
Gentry 0.7 0.4 4.0 8.0 X X X X X X
Lupton East††† — — 3.0 3.0†† X
Miami*** 23 m 415 m 0 1.6 X X X X X
Ryan*** 10 m 80 m 0 1.0 X X X X
San Jon§§§ 1.0 0.8 12.0 13.7### X X X X L X X

10.7****
Seminole-Rose††† — — 5.0 4.0 X X
Sevenmile 6.0x 20†††† 17.0 18.3 X ? X X D ? X

3.7 1.3§§§§

TDCJ 1.2 0.53 3.0 15.2 X X X X X L X X
Truett 1.5 1.82 10.0 5.0†† X X X X
Vance#### 0.7x 0.45 3.0 10.7 X X X X X X

0.8
Washington St.***** 1.5 — 6.0 10.7 X X X X X X
Wink 1.6 2.0 11.0 15.2 X X L X X

*Size (modern basin): D = diameter (m); A = area (km2); R = relief (m). Diameter (maximum unless noted), area, and relief (between High Plains
surface and modern basin floor) interpolated from 7.5 minute topographic quadrangle maps.

†Total thickness of fill; see footnote †† below.
§Topographic expression of playa basin no longer apparent due to deposition.
#L = local inset relationship; D = strong effects of dissolution of underlying salt.
**Denotes evidence for significant leaching of carbonate in sediments below playa basin.
††Minimum thickness of fill.
§§Basin partly obscured by incision of Yellowhouse Draw.
##Surface deposit, up to 1 m thick.
***Finney, Miami, and Ryan playas have no relief because the basins are completely filled with sediment; diameter (D) and area (A) for Finney and

Ryan playa are approximations because construction obscures parts of the sites.
†††Diameter (D) and area (A) for Lupton East and Seminole-Rose playas undeterminable because of incision by Yellowhouse and Seminole Draws,

respectively.
§§§Diameter (D) and area (A) for San Jon is approximation owing to heavy dissection of basin.
###Thickness of fill in older basin.
****Thickness of fill in younger basin (inset into older basin).
††††Area of basin.
§§§§Area of modern playa that occupies a portion of the northwest quadrant of the basin floor.
####Vance is two connected basins.
*****Area of Washington Street playa not measured because of extensive surface modification.



studied via cores or trenches. Multiple cores were
taken from each playa to sample both the centers
and margins of the basins.

The cores and sections were measured and
described in the field and in the laboratory. Sam-
ples were subjected to a variety of analyses for
further assessment of sedimentologic and pedo-
logic characteristics (sand-silt-clay content, car-
bonate content, organic carbon content, and clay
mineralogy1), although the field characteristics
and descriptions usually provide the most infor-
mative kinds of data for Quaternary stratigraphic
work in the region (e.g., Holliday, 1985b, 1985c,
1989b, 1995a, 1995b). The terms “mud” and
“loam,” not standard in both geology and pedol-
ogy, are used here (for convenience and brevity)
to describe poorly sorted mixtures of fine-
grained sediments. Such poorly sorted deposits
are much more common in Quaternary sections
of the region than are well-sorted sediments.
Mud contains subequal amounts of silt and clay
(after Bates and Jackson, 1980). Loam contains
more or less equal amounts of sand, silt, and clay
(Soil Survey Division Staff, 1993).

Radiocarbon ages were secured from fills at
most of the sites investigated (Table 3) and from
lunettes adjacent to five playa basins (only one of
which was studied). The ages were determined
on samples of organic-rich mud and A horizons
of buried soils. There can be problems in dating
these materials (e.g., Campbell et al., 1967;
Scharpenseel, 1971, 1979; Matthews, 1985), but
studies at other sites on the Southern High Plains
show that such samples usually yield reasonable,
approximate or at least minimum ages of deposi-
tion of associated strata and maximum ages of
deposition for overlying sediments (Holliday et
al., 1983, 1985; Haas et al., 1986). Comparisons
of radiocarbon ages with archaeological data
from three playas (Miami, San Jon, and Ryan)
also indicate that the basin fills provide reason-
able radiometric ages, including samples within
10 cm of the surface (Holliday et al., 1994; Hart-
well, 1995; Hill et al., 1995). In situations where
ages appear reversed or where two ages are avail-
able from a single sample, the older age is as-
sumed to be a better indication of the age of the
sediment (Matthews, 1980; Hammond et al.,
1991). Shrinking, swelling, and cracking of
smectitic clays in most playa fills raise the possi-
bility of mixing older and younger carbon, but
the archaeological cross-checks indicate that this
is not a significant problem.

The radiocarbon ages were corrected for δ13C
fractionation, but are not tree-ring calibrated.

Calibrations would confuse comparisons with
other dated sequences from the region and sur-
rounding areas, none of which are calibrated.
Moreover, most of the radiocarbon ages from the
playas are in the range of only tentative calibra-
tions (>10 000 yr B.P.) (Becker, 1993; Stuiver,
1993), which may require correction (especially
the more recently published calibrations), ren-
dering published, calibrated ages inaccurate (e.g.,
Stuiver and Pearson, 1992; Stuiver, 1993).

LITHOSTRATIGRAPHY

Prior to this study, the stratigraphic record in
small playa basins was based on the stratigraphy
of salinas or known largely from surficial studies.
Several formal lithostratigraphic units for late
Quaternary playa and salina fills were discussed
by Reeves (1976, 1990, 1991, modified from the
work of Evans and Meade, 1945). Two, the Taho-
ka and Double Lakes Formations, are difficult to
deal with stratigraphically because (1) they are
lithologically similar to one another and to older
Pleistocene and Pliocene lake sediments; (2) dif-

ferentiating them from one another and from older
deposits often is based on radiometric dating and
paleontology, an approach in conflict with the
principles of lithostratigraphy; (3) the relationship
of the Tahoka to the surficial deposits is unclear,
but appears to be based on age differences; and
(4) the term “Tahoka” is also applied to a climatic
and geochronologic interval (Wendorf, 1961;
Wendorf and Hester, 1975), further confusing the
issue of lithostratigraphic relationships. The dating
of the Tahoka is also a problem because most ra-
diocarbon ages are on lacustrine marls, and such
material in regions with carbonate-rich waters can
yield inaccurate ages (Fritz, 1984). For all of these
reasons formal lithostratigraphic nomenclature is
not used in this paper.

Two distinct types of surficial deposits in small
playa basins were identified on the basis of soil-
geomorphic research: (1) dark gray to black la-
custrine mud (usually identified as the Randall
Clay on county soil maps), locally inset against
(2) light gray to white lacustrine carbonate (the
Arch loam on some county soil maps) (Allen et
al., 1972; Holliday, 1985a, 1995a). Our investiga-
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1GSA Data Repository item 9636, descriptions
and lab data for fill in selected playa basins, is avail-
able on request from Documents Secretary, GSA, P.O.
Box 9140, Boulder, CO 80301.

TABLE 3. RADIOCARBON AGES FROM LACUSTRINE MUD IN PLAYA BASINS,
SOUTHERN HIGH PLAINS, UNITED STATES

Playa 14C age Lab Remarks
(yrs B.P.) no.*

Boyd 5450 ± 165 SMU-2539 Humates
Brown 7770 ± 210 SMU-2538 Humates
Elida 2535 +220/–210 A-7435 Residue†

3215 +355/–340 A-7435.1 Humates
3475 ± 100 A-7436 Residue

4720 +325/–315 A-7437 Residue
Finney 30200 ± 810 SMU-2681 Humates

18280 ± 690 SMU-2670 Humates†

Gentry 970 ± 70 2-237087§ Bulk organic matter; Osterkamp (1990)
5730 ± 60 SMU-1375 Humates; Holliday (1989b)
9500 ± 700 2-237086§ Bulk organic matter; Osterkamp (1990)

Lupton East 17440 ± 840 SMU-2235 Humates; Holliday (1995b)
Miami 9385 ± 70 AA-7084 Residue; Holliday et al. (1994)

10345 ± 330 AA-7085 Humates; Holliday et al. (1994)
11415 ± 125 AA-7086 Residue; Holliday et al. (1994)
13215 ± 125 AA-7082 Humates; Holliday et al. (1994)
13700 ± 140 AA-7083 Residue; Holliday et al. (1994)

Ryan 9220 ± 220 SMU-2448 Humates; Hartwell (1995)
10650 ± 120 SMU-2447 Humates; Hartwell (1995)
10380 ± 140 SMU-2446 Humates; Hartwell (1995)†

San Jon 3060 ± 100 A-7440 Base, stratum 4si (mud); residue†

3600 +205/–200 A-7440.1 Base, stratum 4si (mud); humates
7570 +115/–110 A-7865 Stratum 3si (mud); residue
8360 +210/–205 A-7864 Top, stratum 2si (mud); residue.

11450 ± 300 A-7438 Top, stratum 2si (mud); residue
8275 ± 65 AA-12600 Top, stratum 2si (mud); humates

(also identified as A-7438.1)†

12510 ± 230 A-7439 Base, stratum 2si (mud); residue
8640 ± 65 AA-12527 Base, stratum 2si (mud); humates

(also identified as A-7439.1)†

13145 +315/–305 A-7866 Base, stratum 1si (mud); residue
8760 ± 60 A-7866.1 Base, stratum 1si (mud); humates†

Seminole-Rose 16310+230 SMU-2342 Humates; Holliday (1995b)
TDCJ 2700 ± 50 TX-8039 Humates

12530 ± 270 TX-8040 Humates
Truett 6665 ± 190 SMU-2537 Humates

*Laboratories: SMU—Southern Methodist University, A—University of Arizona (conventional 
radiocarbon), AA—University of Arizona (AMS radiocarbon), TX—University of Texas at Austin.

†Date considered unreliable.
§Age determined at the U.S. Geological Survey lab in Denver; lab number is survey’s internal

identification, and no formal “DE” number was assigned. Data on sample processing from I. C.Yange
(October 1994, personal commun.).



tions of subsurface deposits in the small basins re-
veals more complex stratigraphies, however. In
this paper playa stratigraphy is discussed in terms
of six distinctive facies: (1) lacustrine mud; (2) la-
custrine carbonate; (3) lacustrine delta deposits;
(4) eolian sand and silt; (5) eolian loam; and
(6) accretionary eolian deposits (Blackwater
Draw Formation). Subdivisions of several facies
also are recognized.

Lacustrine Mud

Mud is the most common facies in playa
basins (Table 2). The mud is massive to faintly
laminated, weakly calcareous to noncalcareous,
relatively high in expandable and mixed-layer
clays, and varies in texture from sandy clay and
sandy clay loam in the southern and southwest-
ern sites, to silty clay in the northern sites. Gray
mud is the surficial deposit on the floors of most
playas of the Southern High Plains and is equiv-
alent to the Randall Clay soil series (classified as
a Pellustert) on county soil maps, and the less
common Lipan Clay (also a Pellustert) and Lof-
ton Clay (an Argiustoll). This facies occurs as
the surface deposit and at depth in all study
playas except Elida, where it is buried by sand.
At and near the surface the lacustrine mud typi-
cally is dark gray (10YR 4/1) grading to grayish
brown (10YR 5/2) (see footnote 1). The particle-
size distribution typically is a silty loam rather
than a clay (see footnote 1), however, and where
the surficial deposits are sandy the playa fill is a
loam to sandy loam (Elida).

The source of the silt and clay in the mud
probably is slopewash and dust. As slopewash,
the clay and fine silt was carried in suspension to
the center of the basin and deposited from flood
water. Dust, deflated from the High Plains sur-
face, was trapped on the floor of the basin in wa-
ter, on a damp surface, or by vegetation.

Repeated episodes of flooding and desiccation
and resulting expansion and contraction of
clayey soils produced deep desiccation cracks,
fine granular to blocky surface structure, and
both large and small soil aggregates bounded by
fractures with slickensides. Within a few weeks
to a few months after flood waters dry up, vege-
tation is reestablished, resulting in numerous root
tubules. Collectively, the processes of pedoturba-
tion and bioturbation destroy most primary sedi-
mentary structures in playa sediments. Preserved
soil and plant structures such as granular to
blocky fracturing, soil peds bounded by slicken-
sides, filled desiccation cracks, and common root
tubules indicate that the playa floors were repeat-
edly flooded and desiccated in the past.

Heterogeneities in lacustrine mud thickness,
color, texture, fabric, and induration document
areal and temporal variability in playa basin

evolution. In basins with thicker lacustrine mud
deposits, most older muds generally are lighter
colored and appear to be less organic rich (see
footnote 1). Older muds in the subsurface are
stiffer than surface Randall Clay soils and have
well-developed fracture or ped surfaces. Colors
include light gray (5YR 7/1), olive (2.5Y 6/2),
and reddish brown (7.5YR 4/4, 5YR 5/6), and,
in some basins, dark gray colors similar to the
surface muds. Older muds are texturally similar
to the surface dark gray mud, and commonly
have similar churned fabrics and slickensided
soil structures. Fracture surfaces within the
older firm clay are pigmented by iron and man-
ganese oxides, especially at depth, and indicate
that fractures transmitted fluids. Manganese
patches and concretions also are very common
at depth (see footnote 1).

Facies relationships show that older muds are
confined to the playa basin and are laterally
equivalent to shoreline and playa-basin slope
facies, facies relationships similar to the present
Randall Clay soils. In addition to the fine-grained
texture, which suggests deposition under condi-
tions similar to the surface mud, the reduced col-
ors, preservation of organic material, and gleying
of underlying former upland soils demonstrate
deposition under ponded conditions. The light
gray and olive muds below the dark gray mud
likely are approximately equivalent to the Tahoka
Formation of earlier studies (Reeves, 1976, 1990,
1991). On the basis of the facies and textural re-
lationships, these muds at depth are interpreted as
buried equivalents of the playa surface sediments
(Randall Clay soils).

Some variations in color indicate variability in
duration and frequency of ponding. In some fills
(Washington Street, TDCJ playas) lateral changes
from gray to reddish sediment locally occur to-
ward the shoreline, indicating that, along the
shoreline, ponding and organic-matter production
were insufficient to reduce detrital red upland
clays. Other color variations reflect oxidation and
alteration during prolonged episodes of exposure
of former lake floors. This type of oxidation oc-
curs along ped faces and root tubules and in-
creases toward the top of lacustrine mud beds. In
most of the playas studied in the northeastern part
of the Southern High Plains, organic matter de-
rived from dark muds that overlie lighter colored
older muds have stained the upper part, fracture
faces, and root traces of the lighter muds with
translocated organic material, obscuring original
conformable or unconformable relationships.
Where unconformities are apparent a record of
basin evolution is preserved. At the Gentry section
there are two layers of the olive gray mud, sepa-
rated by a disconformity, and, along with the sur-
ficial dark gray facies, they form a palimpsest of
three fills in three basins (Fig. 2) (see footnote 1).

Vertical changes in lacustrine-clay color, tex-
ture, and fabrics document evolution of the lakes.
However, radiocarbon ages are sparse (discussed
below), and lake-filling sequences are heteroge-
neous, some with repetition of similar facies
through a vertical succession. Care is required to
avoid erroneous extrapolation of these changes
among lake basins with variable and complex
histories.

Lacustrine Carbonate

Marl is the other common surficial deposit in
playa basins, although it is significantly less com-
mon than lacustrine mud (Table 2). The deposit is
light gray to gray brown (10YR 7/1–5/2), loamy,
massive, and friable (see footnote 1). The carbon-
ates contain sepiolite, a clay mineral often re-
ported from sediments in lake basins and from
calcic soils of semiarid regions (Bigham et al.,
1980; Singer, 1989; Parry and Reeves, 1968), and
in particular, reported from several carbonate soils
on the Southern High Plains (Bigham et al.,
1980). The carbonate is interpreted as primary
lacustrine carbonate because of its relationship to
the playa basin, massive structure, friable consis-
tency, and mineralogy.

The carbonate occurs across the floors of a
few playa basins (e.g., Cone), but more com-
monly is preserved as a bench around the mar-
gins of some basins (e.g., Truett). The lacustrine
mud is inset against the carbonate benches and
locally the mud buries the eroded carbonate.
Discrete deposits of lacustrine carbonate also are
locally interbedded with the lacustrine clay. An
A/Bw soil profile formed in the upper carbonate.
The carbonate facies and associated soil are con-
sidered the equivalent of the Arch loam soil se-
ries on county soil maps (classified as a Calcior-
thid). Buried A horizons were identified within
the calcareous fill at the Lupton East and Semi-
nole-Rose playas. These zones indicate periods
of no water and nondeposition in the playas and
subaerial weathering of the lake beds. Playa
basins with lacustrine carbonate exposed at the
surface usually have a lunette; the lake carbon-
ates were the source of much of the sediment in
the dunes (Holliday, 1985a, 1995a).

Lacustrine Delta Deposits

Laterally and vertically heterogeneous, in-
terbedded sand, silt, clay, and carbonate pebbles
that occur as thin units within the lacustrine sed-
iments are interpreted as parts of delta com-
plexes formed where gullies discharged into
playa basins. Delta deposits, derived from
eroded Blackwater Draw Formation, are most
common near the basin margins and rarely ex-
tended across the basin floors. Weak pedogenic
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modification of many delta deposits indicates
relatively rapid deposition during progradation
followed by relatively rapid burial under the lake
sediments. Sediments in the delta deposits ex-
hibit variable red, brown, and gray colors, indi-
cating differences in the oxidation state of iron
oxides associated with clays.

Delta sediments are more common in larger
playa basins (Table 2), probably because the
large basins have more relief and a larger catch-
ment area, and are more likely to drain suffi-
ciently large gullies. Small playas have modern
deltas, but this may be an artifact of increased
sediment supply due to agricultural activity.

Eolian Sand and Silt

Well-sorted layers of sand and silt occur lo-
cally above, within, or below the lacustrine de-
posits. The layers range in thickness from a few
millimetres up to 30 cm. These deposits proba-
bly started as eolian sediments, on the basis of
their excellent sorting. The sediments probably
were deposited in a lacustrine environment, on
the basis of the lack of postdepositional modifi-
cation such as erosion, soil formation, or biotur-
bation (high water prevented deflation, weather-
ing, and mixing), and local interbedding of sand
with lacustrine mud (due to fluctuating lake lev-
els and differential input of slope-derived muds
and eolian sand). This facies probably represents
eolian sediments trapped as the water level rose
in the playa by processes similar to those de-
scribed for wet eolian settings by Kocurek and
Neilson (1986).

In most basins, discrete lenses and beds of
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Figure 2. (A) Cross section of the B. F. Gentry playa (Fig. 1) as exposed along the south (A–A′)
and west (A′–A′′) sides of the borrow pit showing: (1) the interfingering relationship of the lacus-
trine mud and the Blackwater Draw Formation; (2) inset relationship of the youngest (Holocene)
lacustrine mud into the upper Blackwater Draw Formation and older muds; and (3) the position
of the radiocarbon samples from the Holocene sediments (see also Table 3). P indicates the loca-
tion of profile descriptions and samples for laboratory data reported in Data Repository Tables
DR-B1 and DR-B2 (see text footnote 1). Color variation in the lacustrine mud from dark gray
(youngest basin fill ) to gray brown to light brownish gray (oldest basin fill) is indicated by Mun-
sell notation. Inset at lower left shows the relationship of the U-shaped borrow pit to the original
Gentry playa basin. (B) The east side of the “peninsula” of the borrow pit in the Gentry playa (see
Fig. 2A, inset) showing the Holocene mud inset against the Blackwater Draw Formation. The
basin containing the fill (indicated by arrows) crosscuts the Bt, Bk, Btb, and Btkb horizons of the
Blackwater Draw Formation. Note that the Btkb horizon has undergone considerable dissolution.
Well-sorted eolian sand (S) is well expressed below the mud.
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Figure 3. Sections illustrating the lithostratigraphy
of (1) all playa fills with radiometric age control (ex-
cept Gentry, shown in Fig. 2A, and TDCJ, shown in
Fig. 6); and (2) several of the larger, undated playa
basins in the Amarillo area (Fig. 1). Radiocarbon ages
are rounded and expressed in thousands of years B.P.
(see also Table 3). Stratigraphic descriptions and lab-
oratory data for the Miami and San Jon sections are
presented in Data Repository Tables DR-A1, DR-A2,
DR-D1, and DR-D2 (see text footnote 1).
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well-sorted sand occur at or near the base of the
lacustrine muds (Figs. 2 and 3; see footnote 1).
Some basins exhibit eolian sand interbedded
with mud (Figs. 2 and 3). The clean sands within
the muds at Gentry may identify three stages in
the evolution of the basin (Figs. 2 and 3). At the
base of and immediately below many sand
lenses is a zone of mottles and concretions of ox-
idized iron with manganese films and patches,
30–100 cm thick (see footnote 1). At San Jon the
sand layer is up to 100 cm thick, and the zone of
iron and manganese accumulation forms a sheet-
like resistant layer up to 20 cm thick. The sands
likely were derived from the red Blackwater
Draw Formation.

A layer of silt was observed within the gray
lacustrine mud at Miami (the “loess” of Sell-
ards, 1938; Holliday et al., 1994), 30–50 cm be-
low the surface of the basin fill (Fig. 3; see foot-
note 1). The layer probably is an eolian deposit,
on the basis of the sorting (94% silt, of which
93% is fine silt) and the lack of evidence for any
other obvious mode of origin. Silt layers were
observed accumulating on the modern surfaces
of playas during the winter (e.g., TDCJ playa).

Eolian Loam

Wedges of loamy sediment are locally in-
terbedded with lacustrine clay in a few of the
study playas (Table 2; see footnote 1). These
loams are interpreted as eolian because they ex-
hibit no bedding and tend to be thicker near the
basin margin and thin rapidly toward the basin
center (alluvial sediments are thin at the basin
margin and thicken as the paleobasin floor flat-
tens). The absence of bedding is probably due to
slow deposition on a vegetated surface and sub-

sequent bioturbation. Heterogeneous mixtures of
fines are interpreted as eolian sediments in val-
ley fills of the region (Holliday, 1995b) and are
characteristic of sediment recovered from dust
traps in the region (Gillette, 1981; Holliday,
1987, 1988). The eolian deposits resulted from
wind deflation of the Blackwater Draw Forma-
tion (i.e., deflation of the High Plains surface).
The eolian loams have soils with Bw or Bt hori-
zons, indicating substantial periods of subaerial
weathering prior to burial by the lacustrine mud.
Slow burial of the loam, allowing bioturbation
and pedogenesis, probably accounts for much of
the contrast in lithology between the eolian loam
and the well-sorted sand and silt.

Accretionary Eolian Deposits (Blackwater
Draw Formation)

The Blackwater Draw Formation exhibits
several significant stratigraphic relationships to
the other playa fills. Most of the field character-
istics of the formation are the result of pedogen-
esis (Holliday, 1989a). Typically, the Blackwater
Draw is an A-Bt-Bk soil profile 1–3 m thick, and
in thicker sections it is a series of welded, buried
Bt-Bk or Bt-Btk soil profiles. The Bt horizons of
the formation typically are dark red to reddish
brown (2.5YR 3/6, 5YR 5/4) and usually have
thick, continuous clay films on ped faces. The
Bk and Btk horizons are reddish brown to pink
to white (5YR 5/3–9/1), the carbonate occurring
as soft, powdery coats on ped faces and, less
commonly, as concretions. Across the region de-
lineated by the study sites, the formation varies
in texture from sandy loam to sandy clay loam to
clay loam (Holliday, 1989a, Fig. 1). Primary
sedimentary structures are not preserved due to

pedogenesis, and stratification is rarely apparent
due to soil welding.

Blackwater Draw Formation strata are nearly
horizontal around the playa basins to gently slop-
ing on the basin margins. The modern basins in
all study areas are locally or completely inset into
the Blackwater Draw Formation and the argillic
(Bt) and calcic (Bk) horizons of the surface soil
are clearly exposed above the floors of the playas
around many basins (Fig. 4). The exposures at
some small basins (Table 2 and Fig. 2) also show
that the modern playa basins crosscut all soil
horizons, and that the upper parts of the fills in
these basins rest unconformably on the modern
soil. In the Amarillo area, which is a region of the
thickest Blackwater Draw Formation, indicating
relatively high sedimentation, inset relationships
are apparent on the northern and northwestern
(steepest) sides of the basin, and interfingering
relationships are well developed in the gentler
southern and eastern sides of the basins.

The Blackwater Draw Formation is interbed-
ded with lake sediments below the modern basins
at sites with thick fills. The interbeds include the
surficial sheet and the older, deeper strata com-
posing the formation. In all cases the interbedded
strata were heavily modified by soil formation
and exhibit pedogenic characteristics similar to
those of the formation not associated with playas.
These stratigraphic and morphological relation-
ships show that some basins have a prolonged
history as depressions, although the size varied as
they were encroached upon by the Blackwater
Draw Formation or enlarged by fluvial, lake mar-
gin, and eolian erosion. For example, the playa
basin at San Jon probably was at least 1.0 km in
diameter (Table 2 and Fig. 5) in the Pleistocene.
Lacustrine mud filled an area of the paleobasin

Figure 4. A small playa basin near Lubbock, Texas (Fig. 1), showing the Bt and Bk horizons of the upper Blackwater Draw Formation
exposed by wind erosion along the basin margin.
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≈730 m in diameter. The basin was then partially
buried by a layer of Blackwater Draw Formation.
A younger, smaller basin (≈360 m in diameter)
then formed on the floor of the larger basin in the
late Pleistocene and was filled by lacustrine mud,
delta deposits, and eolian sand and loam (Fig. 5).

Where the Blackwater Draw Formation un-
derlies lake beds, the formation is strongly al-
tered (see footnote 1), largely the result of down-
ward flux of water beneath the lakes. Gleying is
the most apparent modification. In the small
basins the gleyed zone is 50–100 cm thick, but in
larger basins the gleyed horizons are 1–4 m
thick. Films and concretions of manganese ox-
ide are ubiquitous in these zones. Calcic hori-
zons typically are missing from the Blackwater
Draw Formation below the central area of the
basins (Table 2). More carbonate is preserved to-
ward the margins of the basins.

GEOCHRONOLOGY

Radiocarbon samples from fills in 12 of
the 19 playa basins provide an initial assess-
ment of the age of the basins and the history of
filling. The ages of five other basins (only one
of which is among the 19 study sites) are indi-
cated by radiocarbon dating of buried A hori-
zons formed in lunettes adjacent to the basins.

Radiocarbon ages are available from three
playa basins with archaeological data. The small
basin at the Miami site (Fig. 3) started filling with
lacustrine mud ca. 13 700 yr B.P. and probably
was completely filled by the beginning of the
Holocene (10 000 yr B.P.) (Holliday et al., 1994).
The silty “loess” (Sellards, 1938; Holliday et al.,
1994), dated to ca. 11 400 yr B.P., is 30–50 cm
below the top of the fill. The radiocarbon ages on
the loess and overlying fill are in accord with as-
sociated archaeological assemblages (Holliday et
al., 1994). The playa at the Ryan site (Fig. 3) is

similar to Miami in being small, completely
filled, and yielding archaeological material. The
archaeological material generally confirms the
radiocarbon ages (Hartwell, 1995). The basin
formed and was filling with gray mud by
10 700 yr B.P. and was completely filled (i.e., had
no topographic expression) by the beginning of
the Holocene.

The San Jon playa also yielded archaeological
materials (Roberts, 1942; Judson, 1953; Hill et
al., 1995), but the basin has a much more com-
plex evolution and stratigraphy, and currently is
undergoing incision. The locality includes a
Pleistocene paleobasin partially covered by the
Blackwater Draw Formation, and a younger
basin with late Quaternary fill (Fig. 5). All age
control is for the late Quaternary basin fill. Sedi-
ments in the younger basin include eolian sand,
four layers of lacustrine mud (strata 1si–4si in
Fig. 3), and four intervening sandy delta deposits
and eolian loam (strata 1s–4s in Fig. 3). The ra-
diocarbon assays suggest that the basin filled
from the late Pleistocene until incision began
<3600 yr B.P. The layer yielding the oldest age
(stratum 1si) is buried by eolian loam (stratum
1s) with a Bt horizon ≈2 m thick. The amount of
time necessary to produce such a soil horizon is
at least several thousand years in this region and
setting (Holliday, 1988, 1995b), indicating that
the lowermost date is falsely young and that the
younger basin could be much older than
13 100 yr B.P. Otherwise, the radiocarbon se-
quence is cross-checked by the archaeology (Hill
et al., 1995). Above the delta sediments is eolian
loam, a thin lens of gray mud dated to ca. 7600 yr
B.P., and the youngest layer of mud, with a base
date of ca. 3600 yr B.P. (Table 3 and Fig. 3).

Finney playa (Fig. 3) was in a relatively small
basin that also filled completely with gray lacus-
trine mud. The middle of the gray mud, which is
3.5 m thick, dates to ca. 30 200 yr B.P. There-

fore, most of the filling of the basin probably oc-
curred before the end of the Pleistocene.

In the other playas there is considerable vari-
ation in fill stratigraphy, but the chronologies of
the upper lacustrine muds in each are broadly
similar. The Elida playa contains no Pleistocene
fill; the mud is middle to late Holocene in age
(4700–3200 yr B.P.) and is buried by late Holo-
cene eolian sand.

The fill in the Gentry playa includes gray and
olive lacustrine mud and eolian sand and loam.
Gray mud and a sand lens partially fill the mod-
ern lake basin. Mud apparently filled the young
basin throughout the Holocene, although a
wedge of eolian loam was deposited shortly af-
ter 5700 yr B.P. (Fig. 2). Eolian sand under the
gray mud yielded bones from mammoths, which
were extinct in the area by 11 000 yr B.P. (John-
son, 1986, 1987). There were two older basins at
Gentry, each filled with a layer of eolian sand
overlain by olive lacustrine mud. Both pale-
obasins were buried by the surface layer of the
Blackwater Draw Formation, which is truncated
by the modern basin (Fig. 2). The Blackwater
Draw Formation is not well dated, but the sur-
face layer of the formation may have been de-
posited between 100 000 and 50 000 yr B.P.
(Holliday, 1989a), based in part on dating of a
lunette at the nearby Cone playa (below).

The TDCJ playa contains a thick deposit
(15 m) of lacustrine mud interbedded with delta,
eolian, and colluvial deposits, including the up-
per layers of the Blackwater Draw Formation
(Fig. 3). The center of the basin fill is composed
of 20 m of interbedded lacustrine mud, clay, and
sandy clay, dated to ca. 12 500 yr B.P. (4.9 m be-
low top) and ca. 2700 yr B.P. (1.5 m below top)
(Fig. 3). Interfingering of basin fill with the
Blackwater Draw Formation, which exhibits
strong pedogenic modification (thick argillic
horizons), indicates that the playa fill at the

Figure 5. Generalized north-south cross section of the San Jon playa (Fig. 1) showing the stratigraphic relationships of the older and younger
basins and their fills to the Blackwater Draw Formation and older formations (based on Judson, 1953, Fig. 8). Sections are missing in the mid-
dle and northern end of the basin due to arroyo cutting. P indicates the location of the profile description and samples for laboratory data re-
ported in Tables D1 and D2 (see text footnote 1).



TDCJ playa and other basins in the Amarillo
area spans much of the Pleistocene.

The Brown, Boyd, and Truett playas contain
gray lacustrine mud overlying olive lacustrine
mud. The base of the gray mud dates to the mid-
dle Holocene at Boyd and Brown (Fig. 3). The ra-
diocarbon sample from Truett was taken from
above the contact with the olive mud, where the
gray mud covers a truncated layer of lacustrine
carbonate. The carbonate must be of Pleistocene
age in order to allow time for its erosion (probably
by deflation because a lunette is adjacent to the
basin) and initiation of the gray mud deposition.

Lacustrine carbonate began to accumulate in
the Pleistocene at all basins where age control
on the deposit is available. In addition to Truett,
dating is provided by radiocarbon samples from
basin fill at two sites and from lunettes. At Lup-
ton East (Fig. 3), an A horizon within lacustrine
carbonate is dated to ca. 17 400 yr B.P. At the
Seminole-Rose section (Fig. 3), an A horizon
that formed at the top of lacustrine carbonate,
and was buried by eolian sand, is dated to ca.
16 300 yr B.P. The deepest A horizon in a
lunette next to Cone playa (Fig. 1) is ca.
33 000 yr B.P. (Holliday, 1985a). A horizons
from soils deep within lunettes at the Bluitt Re-
finery and Bluitt Cemetery playas, Peterson
Farms playa, and Lupton West playa (Fig. 1)
yielded radiocarbon ages ranging from ca.
24 400 yr B.P. to ca. 19 300 yr B.P. (Holliday,
unpub. data).

DISCUSSION AND CONCLUSIONS

The stratigraphic and geochronologic data
presented in this paper on fill in playas provide
clues to (1) the origin and development of these
ubiquitous landforms, (2) regional late Quater-
nary landscape evolution and paleoenviron-
ments, and (3) the role of playas in ground-wa-
ter recharge. The stratigraphic relationship of
the playa basins to the Blackwater Draw For-
mation supports the hypothesis that fluvial ero-
sion and deflation were the primary processes
responsible for creating the depressions rather
than various dissolution processes (Table 1).
Evidence for centripetal flow and erosion by
sheet wash, rill wash, and small streams is well
documented in playa basins (Reeves, 1990;
Gustavson et al., 1994, 1995). Topographic
maps, aerial photos, and stratigraphic sections
show modern fan deltas on the floors of some
playas, and all larger playas contain significant
quantities of deltaic sediment interbedded with
lacustrine basin fill.

Some of the playa basins truncate all horizons
of the surface soil and, in the deeper basins, the
upper buried soils of the Blackwater Draw for-
mation; that is, the basins were eroded into the

formation. Exposure of the surface soil and, of-
ten, the upper buried soil around the margins of
many basins also must have been produced ei-
ther by deflation of the basin or by centripetal
erosion, which caused the margins of the basin
to retreat, exposing the soils. The effectiveness
of wind as a modern erosional process and as a
geomorphic agent in the geologic past is clearly
demonstrated on the High Plains, one of the
dustiest areas in the world (Orgill and Sehmel,
1976; McCauley et al., 1981; Holliday, 1987).
The presence of lunettes also demonstrates the
capacity of the wind for removing sediment
from basin floors.

Paine (1994) reported on evidence of salt dis-
solution contributing to the formation of Seven-
mile basin, a very large playa on the north side of
the Southern High Plains, near the Amarillo area
study sites (Fig. 1). The northern margin of the
study area is known to be affected by salt disso-
lution, but most of the rest of the Southern High
Plains is not (Gustavson and Finley, 1985; Gus-
tavson and Simkins, 1989; McGookey et al.,
1988). None of the study sites display evidence
of catastrophic collapse beneath the basins, al-
though in the Amarillo area older basin fill and
underlying strata are warped, indicating gradual
subsidence of the basin.

Wood and Osterkamp (1987, p. 220–221)
noted the presence of illuvial clay in the Black-
water Draw Formation below the Gentry playa
as evidence for their eluviation-dissolution
model of playa basin formations. Illuvial clay is
pervasive in the surface and buried soils of the
Blackwater Draw Formation (Holliday, 1989a),
and there is no evidence of increased amounts of
illuvial clay beneath playa basins except for
coatings of organic-rich illuvial clay on peds im-
mediately below the Miami playa. Moreover,
below the Blackwater Draw Formation in the
Gentry, San Jon, and Seminole-Rose sections is
fine sand and fine sandy loam (upper Ogallala
Formation) devoid of illuvial clay. Clay films
should be abundant for considerable depths
below playa basins that formed according to the
Wood and Osterkamp model.

Partial dissolution of calcretes and calcic soils
can be demonstrated beneath several playa
basins (Gentry, Washington Street, San Jon,
Miami, TDCJ, Wink, Vance). Osterkamp and
Wood (1987) identified partially dissolved car-
bonate below the Gentry playa as the Ogallala
caprock calcrete and attributed basin formation
to its dissolution. Field inspection shows that the
calcic horizon occurs as nearly continuous films
and coats of soft carbonate on the ped faces of a
Bt horizon in a buried soil (Fig. 2). These soil-
morphologic and soil-stratigraphic relationships
are identical to those of the Blackwater Draw
Formation in its type section, 10 km north-north-

west of the Gentry exposure (Holliday, 1989a).
There are no reported occurrences of calcic hori-
zons in the upper Ogallala Formation exhibiting
field characteristics similar to calcic horizons ex-
posed at the Gentry pit. The zone of carbonate
dissolution at Gentry playa begins as much as
70 m within the perimeter of the basin (Fig. 2);
thus, the area of carbonate dissolution is much
smaller than the area of the basin (also at Wash-
ington Street, San Jon, Finney, and Wink
playas). The reverse situation would be expected
if the Gentry basin formed primarily from dis-
solution and eluviation. Removal of the carbon-
ate could be the result of the development of the
basin (with dissolution occurring below the
basin after the water collects in it) rather than the
cause of the basin. Partial removal of the Ogal-
lala caprock calcrete also is reported for a playa
near Amarillo (Lotspeich et al., 1971), but the
caprock or other calcic horizons are fully pre-
served beneath the Seminole-Rose basin.

There is little convincing evidence that cap-
rock dissolution after burial by the Blackwater
Draw Formation formed most or many playa
basins, but dissolution prior to burial may have
started some depressions. Some basins in the
Amarillo area, and the large paleobasin at San
Jon, are cut into the Ogallala caprock and have
fill inset into the caprock. Basins formed in the
caprock today, where there is no Blackwater
Draw Formation (southwestern Southern High
Plains), serve as modern analogues (Gustavson
et al., 1995).

Once the basins formed, many persisted, al-
though they fluctuated in size. As the High
Plains surface aggraded, the Blackwater Draw
Formation encroached on or largely filled some
basins (Amarillo area, San Jon, Gentry), but the
topographic expression tended to survive. Accu-
mulation of the formation probably was a rela-
tively slow process on an annual, decadal, or
even millennial scale. A playa basin, therefore,
remained a topographic depression although it
was slowing filling with sediment, allowing cen-
tripetal erosion and subsequent deflation to con-
tinue. Water collected in the basin, periodically
destroying vegetation by flooding and prevent-
ing carbonate accumulation at depth; both proc-
esses inhibit stabilization of the basin fill and
thereby enhance deflation.

Stratigraphy shows that playa basin develop-
ment is not a unidirectional process. Some basins,
particularly smaller ones, filled completely with
sediment (Miami, Ryan, Finney). The paleobasins
at Gentry completely filled with lacustrine sedi-
ment and then were covered by the Blackwater
Draw Formation. The modern Gentry basin subse-
quently was eroded through the surface layer of
the Blackwater Draw Formation and into the older
basin fill and older Blackwater Draw Formation

HOLLIDAY ET AL.

962 Geological Society of America Bulletin, August 1996



SMALL PLAYA BASINS, SOUTHERN HIGH PLAINS

Geological Society of America Bulletin, August 1996 963

(Fig. 2). Small, filled playas buried within the
Blackwater Draw Formation also are known from
several exposures (Fig. 6). Playas with no prede-
cessors also form on the High Plains surface, al-
though the best examples of this, Miami, Ryan,
and Finney, are small and also completely filled.

Most of the sediment filling the basins is clas-
tic. The most common deposit is lacustrine mud,
composing all or most of the fill in smaller
basins. Most of the fines probably were carried
into the basin by suspension, either in runoff
from basin margins or as dust. Layers of slope-
wash, eolian sediment, and delta deposits are
more common in larger basins. Basins with
higher relief and larger drainage areas are more
likely to accumulate alluvial sediment and deeper
basins also are more likely to trap eolian deposits
because the relief inhibits subsequent deflation of
the sediment. Precipitates (lacustrine carbonates)
are relatively rare, found only in larger (wider
and deeper) basins and, if lunette distribution is
an indicator, mostly on the central Southern High
Plains (Sabin and Holliday, 1995). Factors con-
trolling the formation and distribution of the car-
bonates are not understood, but because the car-
bonates are found in deeper basins, they may be
related to ground-water phenomena.

Radiocarbon dating provides a chronology of
basin evolution for the past 30 000 yr, but some
basins are clearly much older. Reeves and Parry
(1969) and Reeves (1990) suggested that the larger
(their type II) playa basins (0.6–1.6 km diameter)
range from 25 to 5 ka, and that smaller (their
type I) playa basins (<0.6 km diameter) are 5 ka
or younger, but few data support these assertions.
All dated fills discussed in this paper show that the
associated basins, regardless of size, were present
at the end of the Pleistocene, and most fills have
some component of late Pleistocene age. The car-
bonates are all late Pleistocene deposits, but the
clastic deposits accumulated throughout the late
Quaternary. Lacustrine mud accumulated in at
least some basins at some time throughout the past
15 000 yr, and locally much earlier. Interfingering
of the Blackwater Draw Formation and lacustrine
sediments in the Amarillo area suggests that the
basins and their fills span much of the Pleistocene
(Fig. 7). Eolian sediment is a common component
between 16 000 and 11 000 yr B.P. (San Jon,
TDCJ, Seminole-Rose, Miami) and locally in the
early Holocene (Gentry, San Jon). Deflation of
basin fill in the early to middle Holocene also is
suggested at Truett and Elida.

The presence of thick lacustrine sequences in

playas indicates that the basins have been sub-
jected to periodic flooding throughout much of
their history. Moreover, evidence of pervasive
gleying at depth and the absence of carbonate
below many basins are indicative of loss of car-
bon and reduction of iron due to focused re-
charge through basin floors. Playa flooding, de-
struction of playa vegetation, and infiltration of
playa waters over periods of weeks to months
probably inhibited precipitation of carbonate,
leaving playa lacustrine sediments relatively car-
bonate free.

Sedimentological and pedological data com-
bined with the radiocarbon ages provide a few in-
dicators of late Quaternary paleoenvironments.
Dated sections show that lacustrine mud accu-
mulated in playa basins in the late Pleistocene
and throughout the Holocene. The presence of
water in some basins, even if seasonal, is archae-
ologically significant because, with water, the
basins would have supported plant growth and at-
tracted game, conditions that would have at-
tracted and supported prehistoric hunters and
gathers. Eolian sediments >5000 yr B.P. (San
Jon, Gentry) and <3000 yr B.P. (San Jon, Elida)
complement data from draws and dunes that doc-
ument aridity and wind deflation on the High

Figure 6. Cross section of the TDCJ playa near Amarillo (Fig. 1) illustrating the thicker and more complex stratigraphy of large playa basins.
Note in particular the delta deposits and interfingering of the Blackwater Draw Formation with the lake beds. Sample locations for the two ra-
diocarbon ages also are shown (and see Table 3).
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Plains surface in the early and late Holocene
(Holliday, 1989b, 1995a, 1995b). The paleoenvi-
ronmental significance, if any, of the lacustrine
carbonates is unclear. The carbonates are most
commonly associated with deeper basins (Sabin
and Holliday, 1995) and therefore may be some
sort of ground-water phenomenon. A link be-
tween formation of the carbonates and past envi-
ronments is indicated, however, by their dating
exclusively to the late Pleistocene. Perhaps the
carbonates are somehow related to cool-arid con-
ditions proposed for some intervals during this
time (Hall and Valastro, 1995; Holliday, 1995b).

In summary, the data presented in this paper
show that the processes and chronology of playa-
basin formation and filling are relatively complex.
The basins are maintained by erosive processes,
which include wind deflation and centripetal
sheet-wash erosion. The basins filled with lacus-
trine, eolian, and alluvial sediments. Lacustrine
mud is the most common deposit and is the surfi-
cial layer in most basins. In some playa basins the
muds locally are inset into lacustrine carbonate
and in others they are interbedded with eolian
sand and loam, and slope wash and delta deposits.
Some basins persist in more or less the same lo-
cation as the High Plains surface aggraded by eo-
lian addition during the Pleistocene. After the
basins formed they either were maintained by
erosion as the Blackwater Draw Formation ag-
graded or were filled and reexposed or buried.
Some basins are newly formed on the High Plains
surface and have no apparent predecessors. Playa
basins probably have been a ubiquitous compo-
nent of the High Plains landscape through much
of the Quaternary.
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