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EARLY AND MIDDLE HOLOCENE SOILS 
AT THE LUBBOCK LAKE ARCHEOLOGICAL SITE, TEXAS 

V.T. Holliday, Texas 

SUMMARY 

Two buried soils have been identified in early and middle Holocene sediments at the 
Lubbock Lake site, a well-stratified archeological locality in Yellowhouse Draw, Lubbock 
County, Texas. The Firstview Soil formed in organic-rich lacustrine and sandy eolian 
sediments deposited from 11,000 to 8,500 yr B.P. The soil developed from 8,500 to about 
6,300 yr B.P. and exhibits O-A-C and A-C profiles. The lacustrine facies (found along the 
valley axis) has a relatively high organic matter content, contains abundant silicified root 
remains, and commonly exhibits a gley horizon immediately below the A horizon, indicating 
that the soil formed in a marsh with the water table at or just below the surface. The soil be- 
comes coarser-grained, better-drained, and weakly calcareous toward the valley margm, re- 
flecting the facies change in parent material. The o+erlying Yellowhouse Soil formed in highly 
calcareous lacustrine sediments (along the valley axis) and sandy eolian material (along the 
valley margin), with deposition and pedogenesis occurring between 6,300 and 5,000 yr B.P. 
The soil exhibits A-C and sometimes A-B-C profiles. The relatively high organic matter con- 
tent of the A horizon and minimal leaching of carbonate in the C horizon of the valley-axis 
fac!es su[g[gest that the water table was high durin_g pedogenesis. The valley-margin facies of the 
soiJ exlaiblts some evidence of clay illuvmtion. Ihe  contrasting field and chemical characteris- 
tics of the valley-axis facies of the two soils and the sedimentological data indicate a sudden 
change in the water geochemistry and local environmental change. Soils with morphologies, 
parent material, and age similar to that of the Firstview Soil are not common in valley fills on 
the Southern High Plains, whereas soils similar to the Yellowhouse Soil are widespread. 
These data indicate a regional climatic change toward conditions of increased eolian activity, 
reduced effective moisture, and possibly warmer temperatures. 

1. INTRODUCTION 

A series of buried and unburied soils have been identified in late Quaternary sediments at 
the Lubbock Lake site, a well-stratified archeological locality in Lubbock County, Texas 
(Fig. 1). These soils are important stratigraphic markers but can also provide some 
paleoenvironmental data and, with the well-dated, well-stratified nature of the deposits, allow 
a study of the rates and nature ofpedogenesis on the semi-arid Southern High Plains. 

There have been few studies of pedogenesis on the Southem High Plains. GILE 
(1979, 1981) presents the only data dealing with the nature and rates ofpedogenesis. ALLEN 
& GOSS (1974) report on the micromorphology of six buried soils of Pleistocene age. 
Otherwise, most soil genesis research deals with mineralogy and chemistry of soils in the 
region (e.g., HARRIS et al. 1972, MCLEAN et al. 1972, BIGHAM et al. 1980). 

In the following discussion the morphology and chemistry of early and middle Holocene 
soils will be reviewed. They are separated from the late Holocene soils because the early and 
middle Holocene soils formed in different parent materials and climatic conditions whereas 
the late Holocene soils formed in similar parent materials and under climatic conditions 
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believed to be similar to those of today. The early and middle Holocene soils provide 
paleoenvironmental data of significance to the archeological investigations. The emphasis 
here will be on the macro- and micro-morphology and genesis of the soils. 

2. SETrlNG 

The Lubbock Lake site is located on the Llano Estacado or Southern High Plains of 
northwest Texas and eastern New Mexico (Fig. 1 ). The Llano Estacado is an extensive, virtual- 
ly featureless plain locally modified by formation of several dune fields, numerous small 
deflation basins, and a few northwest-southeast trending drainages, or draws, none of which 
have perennial streams today. The climate of the region is continental and semiarid and clas- 
sifted as 9sd: a dry, mid-latitude, semi-arid climate (STRAHLER & STRAHLER 1983, Plate 

t 

Fig. I: Topographic map of Yellowhouse Draw in the area of the Lubbock Lake site showing the 
location of the reservoir cut, the extent of the late Quaternary valley fill, and the location of backhoe 
trenches in which Holoccne soils were described. Trenches for which descriptions and analytical data 
accompany this paper are identified. Inset shows the location of the Southern High Plains with the 
Lubbock Lake site in Yellowhouse Draw, the Clovis and Marks Beach sites in Blackwater Draw, and the 
Plainview site in Running Water Draw. 
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C.2). The average annual precipitation in Lubbock (992 m, 3254 ft) is 46.8 cm (18.41 in) 
(NOAA 1982). However, interannual variability is high. 

Lubbock Lake is situated in northern Lubbock County in an entrenched meander of Yel- 
lowhouse Draw, a tributary of the Brazos River (Fig. 1). The site was discovered in 1936 as the 
result of dredging on the floor of the draw. The excavations cut completely through the valley 
fill, exposing the stratigraphic and cultural record (BLACK 1974). 

3. STRATIGRAPHY 

In the following discussion generalized descriptions of the pertinent units containing the 
early and middle Holocene soils are presented. Detailed discussions and descriptions of the 
late Quaternary stratigraphy and radiocarbon chronology at Lubbock Lake appear elsewhere 
(HOLLIDAY 1982a, 1983, HOLLIDAYet al. 1983). 

Yellowhouse Draw in the area of Lubbock Lake has entrenched through Pleistocene 
eolian"cover sands" (Blackwater DrawFormation), which blanket most of the Southern High 
Plains, and into Pliocene lacustrine deposits (Blanco Formation) (REEVES 1976, Hawley et 
al. 1976). Maximum downcutting occurred in the late Pleistocene and at that time the draw 
attained a local relief of about 15 m (STAFFORD 1977). Since then the draw has been .filling 
intermittently with a variety of sediments. 

Five basic geologic units and soils formed therein have been identified at Lubbock Lake 
(Fig. 2). The strata are numbered oldest to youngest. Vertical subdivisions (substrata) within 
each numbered unit are identified by an uppercase letter, alphabetically, oldest to youngest. 
Principal facies within a given strata or substrata are identified by a lowercase letter (1 = lacus- 
trine, e ~ eolian, s ~ slopewash) and the five principal soils have been named. Most of the 
soils, including the two described in this paper, would qualify as geosols as defined by 
MORRISON (1967) and adopted by the NORTH AMERICAN COMMISSION ON 
STRATIGRAPHIC NOMENCLATURE (1983). 

Stratum 2 (Fig. 2, Photo 1) conformably overlies stratum 1 (12,000? to 11,000 yr B.P.). 
The lower 0.5 to 1.0 m of the unit (substratum 2A), along the axis of the channel of Yellow- 
house Draw, contains beds of pure diatomite, representing periods of standing water with 
interbedded peaty muds with few diatoms but abundant phytoliths representing marshy con- 
ditions with water at or just below the surface.Substratum 2B, also found along the valley axis, 
overlies 2A, conformably in some areas, unconformably in others and is generally 0.5 to 1.0 m 
thick. It consists of a homogeneous deposit of organic-rich silt and clay with abundant phy- 
toliths and some diatoms and represents a slowly aggrading bog-like feature with little or no 
standing water. Substrata 2s and 2e are facies of both 2Aand 2B (Fig. 2). Substratum 2s is a 
shore facies found in a narrow zone along the inner valley margin. Substratum 2e is a sandy, 
calcareous eolian deposit with some slopewash and interbedded organic-rich sediments and is 
found alont the outer valley margin (to the west and south). The Firstview Soil formed in the 
upper part of 2B and 2e. 

Sedimentation occurred periodically during the formation of the Firstview Soil in the 
form of localized wedges of sand (substratum 217 ) deposited along the valley margins as 
slopewash or, possibly, the result of spring discharge (STAFFORD 1981). Substratum 2F 
usually buries the Firstview Soil, although locally 2F is found within the A horizon. 

Stratum 2 is well-dated by radiocarbon. Deposition began around 11,000 yr B.P. and the 
2A-2B transition occurred about 10,000 yr B.P. Aggradation of 2B ceased at about 8,500 yr 
B.P. and the Firstview Soil formed on a stable surface from 8,500 to about 6,300 yr B.P. The 
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Fig. 2: Generalized geologic cross section of Yellowhouse Draw at the Lubbock Lake site showing the 
late Quaternary stratigraphy and emphasizing the early Holocene units and soils therein. 
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Photo 1: Stratum 2, Trench 65, showing atypical exposure of the valley-axis facies ofthe Firstview Soil 
(with O-A-C profile) and substrata 2Aand 2B stratigraphy. The levelling rod is numbered in decimeters 
and graduated in centimeters. 
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younger 2F sediments burying the soil date to about 6,300 yr B.P. 
Considerable archeological material has been recovered from Stratum 2 and represehts 

the Folsom (2A), Plainview (2B-2B), and Firstview (upper 2B) cultures of the Paleoindian 
period (e.g., JOHNSON & HOLLIDAY 1980,1981, HOLLIDAY& JOHNSON 1981, JOHN- 
SON 1983). There is also some early Archaic material from the surface of the Firstview Soil 
(JOHNSON & HOLLIDAY, in press). 

Stratum 3 is conformable on Stratum 2, ranges from 30 cm to over 1 m thick, and is sub- 
divided into substrata 3e and 31 (Fig. 2). Substratum 3e, found either below, as a lateral 
equivalent to, or above 31, is a moderately calcareous, massive to weak subangular blocky, san- 
dy loam, ranging in color from dark brown when moist to light brown when dry. The calcium 
carbonate content usually ranges from 5 to 15%. The thickness of the unit increases toward the 
valley margin, especially to the west and south. The 3e sediments are considered to be eolian 
with some additions ofslopewash near the valley margins. 

Substratum 31 is a calcareous, white (dry) to dark grayish brown (moist), massive to platy, 
silty clay loam to silty clay, generally containing 20 to 40% calcium carbonate. The topographic 
and stratigraphic relationships of 31 to 3e and the physical properties of 31 suggest that the unit 
is a lowland lacustrine facies of substratum 3e. The origin of the calcium carbonate in 31 is un- 
known but it could be either calcareous eolian material (perhaps derived from the floors of 
deflating, calcareous playas) or is an in situ deposit, perhaps related to spring discharge. The 
Yellowhouse Soil has formed at the top of Stratum 3. The period of Stratum 3 deposition and 
formation of the Yellowhouse Soil is from about 6,300 to as late as 5,000 yr B.P. Some early 
and middle Archaic archeological material has been recovered from Stratum 3 (JOHNSON & 
HOLLIDAY, in press). 

Stratum 4 overlies Stratum 3, conformably along the valley margin, unconformably 
along the valley axis. The contact is time-transgressive. The Lubbock Lake Soil formed in 
Stratum 4. Stratum 5, deposited within the last 1000 years, is the youngest unit at Lubbock 
Lake and contains the Apache and Singer Soils. 

4. SOILS 

Profiles were examined along the walls of the old reservoir cut and in a series of back-hoe 
trenches excavated across the draw to the north of and radiating west and south from the 
reservoir (Fig. 1). Approximately 30 soil profiles were described using standard nomenclature 
(SOIL SURVEY STAFF 1951, 1975, GUTHRIE & WITTY 1982) with exceptions noted 
below. Samples from representative profiles were subjected to a variety of analyses including 
particle-size distribution and CaCO3 and organic carbon content. Descriptions and laborato- 
ry data from representative profiles accompany this paper (Tables 1, 2). Thin sections were 
prepared using standard petrographic procedures. Clay minerals were identified for selected 
profiles using X-ray diffraction methods. Semi-quantitative estimates of clay mineral content 
were determined following the methods of SCHULTZ (1964, 1978) and REYNOLDS & 
HOWER (1970) (Table 3); the figures obtained are considered to represent trends rather than 
actual percentages. 

The pedologic terminology used in this study mostly follows the Soil Conservation 
Service (SOIL SURVEY STAFF 1951,1975, GUTHRIE & WITTY 1982). An attempt is made 
to classify the soils to the great group level using the Soil Taxonomy (SOIL SURVEY STAFF 
1975). Micromorphological terminology follows BREWER (1976). 

Some of the pedologic terminology needs to be defined. A"buried soil" is considered to 
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Tab. 2a: 
SOILS 

Hor izon  

L A B O R A T O R Y  DATA,  VALLEY-AXIS  FACIES,  F IRSTVIEW A N D  Y E L L O W H O U S E  

Particle Size Distr ibut ion* 

° S a n d  %Total 

% Organic  
V.C. C. M. F. V.F. Sand Silt Clay Carbon** % C a C O 3 * * *  

Tr  65 6C1b5 - - 2.1 7.9 6.9 16.9 57.9 25.2 0.7 44 
6C2b5 - - 2.1 2.8 4.6 9.5 52.9 37.6 0.6 57 
7Oab6 26.5 57.9 15.6 6.9 - 
7Ab6 11.9 48.3 39.8 0.5 - 
7Agb6 27.7 47.7 24.6 0.3 - -  
7Cgb6 24.5 50.4 25.1 0.4 - -  

Tr 95 5Cgb4 - - 2.2 11.6 17.8 31.6 58.2 10.2 0.3 14 
5Cib4 - -  - -  2.7 13.8 18.0 34.5 55.1 10.4 0.4 21 
6C2b4 - -  - -  1.5 5.1 8.0 14.6 65.5 19.9 0.7 20 
7Oab5 41.6 50.7 7.7 8.4 - -  
7Ab5 61.3 24.5 14.2 0.2 - -  
8Cgb5 58.2 27.7 14.1 0.3 - 
8Alb6 50.0 34.9 15.1 0.4 - -  
9A2b6 16.9 51.7 31.4 0.5 - -  
9Cb6 16.2 63.3 20.5 1.2 - -  

Tr 130 3Albl - -  - -  0.6 9.7 23.5 33.8 55.1 11.1 0.7 2 
3A2bl - -  - -  0.8 9.5 22.7 33.0 51.5 15.5 0.7 4 
3A3bl - -  - -  1.0 9.1 23.9 34.0 47.9 18.0 0.7 22 
3ACbl - - -  1.0 10.0 22.6 33.7 38.6 27.7 0.5 24 
3Ckbl - - 1.7 11.1 23.1 35.9 39.1 25.0 0.5 41 
3Clbl - - 2.6 15.9 22.0 40.5 37.3 22.2 0.3 29 
3C2bi - - 2.4 16.0 25.0 43.4 33.6 23.0 0.4 21 
4C3bl - - 6.6 31.3 24.9 62.8 28.8 8.4 0.1 1 

* Silt and  clay by pipet (DAY 1965) on organic matter-  and  CaCO3-free basis; sands  separated by 
wet-sieving then  dry sieved. 

** Walkley-Black technique  (ALLISON 1965). 
*** Chittick apparatus  ( D R E I M A N I S  1962) modif ied  by B A C H M A N  & M A C H E T T E  (1977). 

Tab. 2b: L A B O R A T O R Y  DATA,  V A L L E Y - M A R G I N  FACIES,  F IRSTVIEW A N D  YELLOW- 
H O U S E  SOILS 

Particle Size Dis t r ibut ion 

%Sand %Total 

% Organic  
Hor izon  V.C. C. M. F. V.F. Sand  Silt Clay Carbon  0/oCaCO3 

Tr 91 Akb5 - -  - -  8.7 24.4 25.5 58.6 21.1 20.3 0.1 12 
Btb5 - -  1.0 7.7 25.9 30.9 65.5 28.0 6.5 0.1 8 
Cb5 - - 4.5 31.1 33.6 69.2 27.1 3.7 0.1 - 
Ab6 - -  - -  2.8 18.9 31.5 53.2 42.1 4.7 0.2 4 
Clb6 - - 3.7 18.8 28.7 51.2 40.1 8.7 0.4 7 
C2b6 - - 4.4 20.4 27.2 52.0 37.6 10.4 0.3 7 
C3b6 - - -  4.1 20.2 29.4 53.7 37.5 8.8 0.4 6 

Tr 108E 5Ab4 - -  - -  3.4 37.2 25.6 66.2 21.5 12.3 0.1 10 
5Bwb4 --  - -  4.2 48.6 18.5 71.3 24.1 4.6 0.2 9 
5Btkb4 - -  - -  4.5 41.9 20.9 67.3 23.6 9.1 0.2 10 
5Ab5 - -  - -  3.3 40.4 23.7 67.4 27.5 5.1 0.3 5 
5Cb5 - - 3.6 45.9 15.3 64.8 29.1 6.1 0.4 5 

Tr  117 Akb2 - -  - -  5.1 29.2 32.6 66.9 20.1 13.0 0.1 12 
Cb2 - -  - -  4.1 40.7 25.9 70.7 27.0 2.3 0.2 8 
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Tab. 3: 

Soil 

CLAY MINERALOGY, VALLEY-AXIS FACIES, EARLY HOLOCENE SOILS 

ML-IS 
% Clay Minerals Composition** 

Horizon Kaolinite Illite Smectite ML-IS* I S 
Firstview 
(Tr 65) 

Yellowhouse 
(Tr 130"**) 

7Oab6 1 16 14 69 40 60 
7Ab6 2 33 22 43 60 40 
7Agb6 1 36 16 47 35 • 65 
7Cgb6 5 43 14 38 60 40 
3Albl 6 39 12 43 60 40 
3A2bl 5 42 14 39 60 40 
3A3bl 9 59 19 13 50 50 
3ACbl 5 20 29 46 40 60 
3Ckbl 4 29 16 51 55 45 
3C2bl 3 43 22 32 50 50 
3C3bl 6 51 13 30 55 45 

* ML-IS = mixed layer illite-smectite 
** I = illite, S = smectite 
*** data for 3CIbl not available 

be any soil where sediments cover a dearly recognizable horizon sequence regardles.~ of the 
thickness of the buried horizons or overlying material, as opposed to the more restrictive de- 
finition of the SOIL SURVEYSTAFF (1975). The standard field designation for a buried soil is 
the letter b (GUTHRIE & WITTY 1982). This convention has been modified because of the 
number of buried soils often observed in vertical sections at Lubbock Lake. The b is added 
after all other letters and numbers and arabic numbers are added after the b to identify the ver- 
tical sequence of buried soils from the top down. This convention has also been used by 
BIRKELAND (1984) and ALLEN & GOSS (1974). 

A "soil facies" is a laterial variation in the properties of a particular soil as a function of 
lateral changes in the factors of soil formation (MORRISON 1967). For example, a soil buried 
in some places but not others may exhibit lateral variations due to different lengths of time for 
pedogenesis. 

4.1. FIRSTVIEWSOIL 

The Firstview Soil, named for the associated Paleoindian culture (JOHNSON & HOL- 
LIDAY 1980) is the oldest soil discovered at Lubbock Lake. It had about 2,000 years to form 
and exhibits a considerable range in morphology, depending on its position in the valley and 
the parent material. Fully documenting this range is difficult, because it is buried beneath thick 
deposits of Strata 3 and 4. The soil can, however, be divided into valley-axis and valley-margin 
facies. 

The valley-axis fades is characterized by O and A horizons (Photo 1) with dark colors, 
suggestive of considerable organic carbon content. However, laboratory data for the two O 
horizons described (Tr 65 and 95) show only 6.9 and 9.00/00C, respectively, and considerably 
less than 1.0% OC in the A horizons and all subhorizons. There is insufficient OC for any of the 
zones to qualify as O horizons according to SOIL SURVEY STAFF (1975), but they are so 
designated because the organic matter and plant remains determine the unique properties of 
the horizon. The O horizons are dominated by silicified plant remains (Tr 65, 95; Table la), 
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Photo 2: Photomicrograph of a thin 
section (under plain light) from the O 
horizon of the valley-axis facies of the 
Firstview Soil (70ab6, Trench 65). 
Several large quartz grains (Q) are 
apparent, embedded in a plasma of 
amorphous silica which has been stained 
by organic matter. The cellular structure 
of a few silicified plant remains (SP) is 
apparent locally. The bar is 10 microns. 

Photo 3: Same as Photo 2, but under 
crossed polarizers. The dense, 
amorphous silica is apparent. A few, 
thin, embedded grain argillans (e.g. 
arrows) are also apparent. 

Photo 4: Photomicrograph of a thin 
section (under plain light) from the A 
horizon below an O horizon of the 
valley-axis facies of the Firstview Soil 
(7Agb6, Trench 65). The cellular struc- 
ture of some silicified plants is obvious to 
the left and in the lower right. The bar is 
10 microns. 

Photo 5: Same as Photo 4, but under 
crossed polarizers. Amorphous silica is 
apparent but not as pervasive or dense as 
in the 70ab6. A few, thin embdded grain 
argillans (e.g., arrows) can also be seen. 
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often as much as 50 to 70% roots and stems by volume (STAFFORD 1977). 
In thin sections from the O horizon amorphous silica dominates many regions resulting 

in isotic plasmic fabric with zones of anisotropic, argillasepic fabric (Photos 2, 3). Within the 
anisotropic regions there are occasional embedded grain argillans. Thin, discontinuous vugh 
argillans are common in both isotropic and anisotropic regions. Silicified plant fragments and 
diatoms are common. 

In A horizons below an O horizon (Photos 4, 5) there are scattered regions of amorphous 
silica, resulting in complex argillasepic fabric. A few silicified plant remains ~ind diatoms are 
apparent. Embedded grain argillans are common. 

The C horizon of the valley-axis fades of the Firstview Soil is substratum 2B. Gley colors 
(e.g., 2.5Y 6/2, 7Agb6, Tr 65, Table 1 a) in the lower A and upper C horizons indicate reducing 
conditions. The pedogenic environment was apparently marshy with the water table probably 
at or just below the surface for there is no evidence ofstandingwater. This, combined with the 
relatively high OC content of substratum 2B would provide ideal reducing conditions (POL- 
LOCK 1978). Locally there is a buried A horizon within the Firstview solum (e.g., Tr 65, Table 
1 a), the result of deposition of substratum 2F. 

Clay mineralogical data for the valley-axis fades of the Firstview Soil are available from 
Trench 65 (Table 3). The soil is dominated by mixed-layer illite-smectite (ML-IS), illite, and 
smectite and the illite content increases while MS-LS decreases down the profile. There also 
seems to be a trend toward increased illite within the ML-IS clay as the discrete illite increases. 
There are minor amounts of kaolinite in the soil. Examination of thin sections indicate that the 
sand and coarse silt is almost entirely quartz with minor amounts of feldspar and horn- 
blende. 

The valley-margin facies of the Firstview Soil contrasts with that of the valley-axis fades. 
The soils in the two valley-margin trenches have A-C profiles, are sandier, and calcareous; 
however there are also some differences within the two facies. In Trench 91 the soil is loamy, 
and formed in substratum 2s; in Trench 108E the soil formed in a sandier unit, possibly a 
wedge of substratum 2F. 

All Firstview soils are classified as Entisols. Depending on the OC content down the pro- 
file the soils are either Ustorthents or Ustifluvents. Field morphology and geologic setting of 
the soil suggests it was a Histosol at some time during its development, with the exception of 
the 108E soil, which was probably a Ustorthent. 

4.2. YELLOWHOUSE SOIL 

The Yellowhouse Soil, named for Yellowhouse Draw, had perhaps 500 years to form. 
Like the Firstview Soil, the Yellowhouse Soil is composed of valley-axis and valley-margin 
facies, formed in the lacustrine and eolian facies of Stratum 3, respectively. 

The valley-axis fades of the Yellowhouse Soil is weakly developed, exhibiting an A-C 
profile. The epipedon is ochric or mollic, depending on OC content, and varies considerably in 
thickness, depending on the amount of erosion prior to burial by Stratum 4. In many ex- 
posures the A horizon has been removed by erosion leaving only the C horizon (e.g., Tr 95, 
Table la). The OC content of the C horizon is often relatively high, commonly between 0.5 
and 1.0%. 

The CaCO3 in the C horizon of the valley-axis facies (substratum 31) is, in most places, 
considered to be of lacustrine origin rather than pedogenic. The material seldom exhibits 
morphological features characteristic of a calcic horizon (e.g., the Stage I or Stage II 
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morphologies ofGILE et al. 1966). It is very friable, follows the trend of the valley rather than 
paralleling the paleolandscape, and there is little relief across the surface of the unit. Some 
pedogenic carbonate has accumulated immediately below the A horizon in Trench 130 
(3Ckbl; Table la). This pedogenic carbonate is massive and less friable than the underlying 
portions of the C horizon. Presence ofa  calcic or k horizon in the valley-axis facies is atypical, 
however. 

The most distinctive micromorphological feature of the valley-axis facies of the Yel- 
lowhouse Soil is dense, freely divided CaCO3, which is pervasive in the C horizon (Photo 6). 
There are a few embedded grain argillans in all horizons except the A (Photo 6), although 
they are quite common in the 3Albl of Trench 130. In this latter case they are considered to be 
aerosolic clays mechanically infiltrated when the A horizon was at the surface, a phenomena 
commonly observed in the late Holocene soils (HOLLIDAY 1982a). 

Photo 6: Photomicrograph of a thin section (under crossed polarizers) from the valley-axis facies of 
the Yellowhouse Soil (3Clbl, Trench 130) showing pervasive secondary CaCO3 (SC) and a few, but 
obvious, embedded grain argillans (e.g., arrows) on quartz grains. Bar is 10 microns. 

Photo 7: Photomicrograph of a thin section (under crossed polarizers) from the valley-margin facies 
of the Yellowhouse Soil (SBtkb4, Trench 108E) showing common secondary CaCO3 (SC), primary 
CaCO3 (PC; a pedorelict of a carbonate nodule), and common embedded grain argillans (e.g. arrows). 
Bar is 10 microns. 



EARLY AND MIDDLE HOLOCENE SOILS, TEXAS 73 

The clay mineral assemblage of the valley-axis facies of the Yellowhouse Soi! is similar to 
that of the Firstview Soil; dominated by illite and ML-IS clays with lesser amounts ofsmectite 
and kaolinite (Table 3). The ML-IS clays are composed of about.equal amounts ofillite and 
smectite. In thin section the coarse fraction of the soil is mostly quartz with some feldspars. 

The morphology of the valley-margin facies of the Yellowhouse Soilis similar to the san- 
dy, valley-margin facies of the Firstview Soil. The soil has an ochric epipedon somewhat more 
clayey than the underlying horizon. Laboratory data (e.g., Tr 10BE, 5Btkb4, Table lb) and 
embedded grain argillans (Photo 7) document the oresence ofilluvial clay in the B horizon. 
This was not apparent in the field, however. 

Only limited mineralogical data are available from the valley-margin facies of the Yel- 
lowhouse Soil. No X-ray diffraction data are available, but in thin section they clays appear to 
be the same as those seen in thin section from soils with X-ray data, i.e., dominantly ill ite. The 
sand and silt fractions, in thin section, are mostly quartz with some feldspars. 

The Yellowhouse Soil varies considerably in dassification. They valley-axis facies is 
either a Haplustoll or Ustorthent. The Ustorthents are close to Ustolls but do not qualify either 
because the epipedon is not of sufficient thickness or the OC content is too low. The Haplustoll 
in Trench 130 approaches a Calciustoll but the Ck horizon is not quite thick enough for a calcic 
horizon. The valley-margin soils with B horizons are Ustocrepts. The soils with A-C profiles 
are either Ustorthents or Ustifluvents. 

5. DISCUSSION 

The early Holocene soils at Lubbock Lake exhibit considerable variability in morphology 
and contrast markedly with the late Holocene ones. Whereas the late Holocene soils all for- 
med in sandy parent material, under well-drained conditions, and in similar environments the 
Firstview and Yellowhouse Soils each formed in different parent materials and under different 
local environmental conditions, if not different regional environments, and each exhibits 
significant facies changes across the valley. The genesis of these soils offers important clues to 
the local environment at Lubbock Lake which, in turn, is of importance to the archeological 
investigations at the site and to the reconstruction of regional early Holocene environments. 

The Firstview Soil generally formed under conditions of a high water table. However, 
there was probably little standing water, indicated by the presence of abundant phytoliths and 
numerous loci of human occupation, including areas where extinct bison (Bison antiquus) 
were killed and butchered (JOHNSON & HOLLIDAY 1981). The presence of humans and 
game animals does suggest, however, that there was at least some standing water, perhaps in 
pools along the lowest part of the valley floor. 

Probably one of the most interesting features of the Firstview Soil is the silicified plant 
material in those profiles with O-A-C profiles. Data related to the origin of the silicified plants 
are not available and there is very little information on the topic in the geological literature. 
However, there is an apparent pattern to the distribution of the valley-axis facies with O-A-C 
profiles vs, those with A-C profiles (Fig. 3). The areas with the O horizons are generally along 
the inside of the meander on somewhat higher ground. Possibly the areas with O horizons 
mark the locations of spring outlets or seeps, which would support more luxuriant plant 
growth, and local chemical conditions resulted in the silica replacement of plant roots and 
stems. STAFFORD (1977, 1981 ) reports a possible spring outlet of Stratum 2 age along the 
inside of the meander. 

The limited data on clay mineralogy (Table 3) from the valley-axis facies of the Firstview 
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Firstview Soil (8,500 to 6,300 years B.P.) with locations of exposures with O-A-C profiles and A-C pro- 
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Soil suggests some pedogenic alteration. In the O horizon there is a decrease in illite and 
increase in ML-IS relative to amounts of these minerals in lower horizons. Asimilar situation 
is noted in the late Holocene soils (HOLLIDAY, in press b). The reasons for this are unclear. 
However, FANNING & KERAMIDAS (1977, 231-232) review a variety of conditions under 
which K in illite innerlayers becomes exchangeable with other cations, thus promoting for- 
mation of ML-IS clay. These conditions include acid pH, a reducing environment, biological 
activity, and seasonal wetting and drying; all of which may have been present during First- 
view pedogenesis. 

The most striking difference between the vaUey-axis and valley-margin facies of the 
Firstview Soil is the CaCO3 distribution; CaCO3 is present only in the valley-margin facies. 
The CaCO3 is not considered to be ofpost-depositional origin because then it would also be 
expected in the valley-axis facies given the highly calcareous unit overlying it (substratum 31). 
The reason for the variation in CaCO3 distribution is probably related to the high water table 
present along the valley-axis during Firstview pedogenesis which would inhibit CaCO3 accu- 
mulation. 
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The respective valley-axis facies of the Firstview and Yellowstone Soils and their lacus- 
trine parent materials suggest a considerable change in water geochemistry from reducing 
conditions favoring precipitation of silica to conditions favoring precipitation of CaCO3. 
Such changes could be brought about by a variety of factors. Sedimentological, paleobotani- 
cal, and paleontological data (HOLLIDAY 1982b, 1983, HOLLIDAY et al. 1983, JOHN- 
SON & HOLLIDAY in press) indicate that Stratum 3 time was the first of two periods of 
drought on the Southern High Plains. If higher temperatures were part of this climatic 
change the lake waters may have been warmer, promoting precipitation ofCaCO3. As well, 
considerable eolian sedimentation was part of the drought (HOLLIDAY 1982b, 1983) and 
this may have provided additional carbonate from airfall, the result of deflation of calcareous 
lake basins and calcrete exposures. 

The characteristics of the valley-axis facies of the Yellowhouse Soil appear to have been 
the result of topographic position and a high water table. The high OC content, dark color, 
and thickness of the A horizon (mollic epipedon), and presence of considerable primary 
CaCO3 throughout the C horizon suggests that the water table was at or near the surface. 
This would promote plant growth and inhibit oxidation and downward movement of both 
carbonate and clay. In contrast, the valley-margin facies of the soil is oxidized, has much less 
CaCO3, more translocated clay, and a weakly developed A horizon (ochric epipedon), indi- 
cating much better drainage. 

The presence of a few argillans in the highly calcareous parent material of the valley-axis 
facies of the Yellowhouse Soil shows that some illuviation of clay did occur. Perhaps there 
was an occasional decline in the water table. Moreover, the presence of the few clay coatings 
demonstrates that clay can be translocated in high-CaCO3 environments. Similar findings, 
based on micromorphology and controlled experiments, have been reported (e.g., GOSS et 
al. 1973, AGUILAR et al. 1983). 

The valley-axis facies of the Yellowhouse Soil is generally quite similar to that of the 
Firstview Soil with one significant difference. The Yellowhouse Soil, which had no more 
than 1000 years to form, and probably only about 500, has evidence of illuvial clay in the B 
horizon. In contrast, the Firstview Soil, which had over 2000 years to develop, has no 
evidence of translocated clay, A possible explanation is that during formation of the Yel- 
lowhouse Soil there may have been more aerosolic clay available, which could be mechani- 
cally infiltrated into the soil. This would be consistent with the paleoenvironmental recon- 
struction summarized above and in HOLLIDAY (1982b, 1983) and JOHNSON & HOL- 
LIDAY (in press). 

6. CONCLUSIONS 

The early and middle Holocene soils at the Lubbock Lake site provide evidence of local 
environments, and possibly regional ones, considerably different from those of today. The 
water table along Yellowhouse Draw throughout this time was at or just below the surface. 
The significance of the water table position is difficult to evaluate, however. Prior to 11,000 yr 
B.P. there was a meandering stream in Yellowhouse Draw. This was followed by a change to 
a series of lakes with aggrading lacustrine deposits (substratum 2A). The causes of this 
change are unknown but may be due to either a decrease in availability of effective moisture, 
decrease in spring discharge, development of a damming mechanism, or combinations of 
these factors (HOLLIDAY 1984, in press a). The lakes then became bogs (substratum 2B) 
with the water table near the surface and there was an increase in eolian sedimentation (sub- 
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stratum 2e). In the middle Holocene the water geochemistry then changed, favoring pre- 
cipitation of CaCO3 (substratum 31) and there was a further increase in eolian deposition 
(substratum 3e). The data suggest a shift toward drier, possibly warmer, conditions from the 
early to middle Holocene. 

The paleoenvironmental interpretations from this study can be compared to those from 
other sites on the Southern High Plains. Deposits correlateable with Stratum 2 are found 
only in certain areas: along lower Yellowhouse Draw around and below Lubbock Lake, 
along middle Blackwater Draw in and below the area of the Marks Beach site (Fig. 1). 
(HONEA 1980, STAFFORD 1978) and along upper Blackwater Draw in the area of the 
Clovis site (Fig. 1) (HAYNES 1975), Along lower Blackwater Draw and along much of Runn- 
ing Water Draw near Plainview (Fig. 1) alluvial deposition was dominant up to at least 10,000 
yr B.P. and perhaps later (HOLLIDAY 1983, in press a). A soil correlated with the Firstview 
Soil has been observed along lower Yellowhouse Draw, middle and lower Blackwater Draw 
(HOLLIDAY 1982a, 1983), and middle Running Water Draw (HOLLIDAY 1983). 

These data suggest that in the early Holocene (Stratum 2 time) local factors such as 
presence of a dam or variations in spring discharge determined whether fluvial activity con- 
tinued or lakes were formed (HOLLIDAY 1984, in press a). The availability of effective 
moisture was declining during this time but freshwater lakes and bogs are locally extant. By 
the middle Holocene (Stratum 3 time), however, regional environmental change resulted in 
deposition of widespread eolian and calcareous lacustrine sediments along valleys. This, in 
turn, was followed by landscape stability and formation of a soil, represented by the Yel- 
lowhouse Soil. 
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