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MANAGEMENT SUMMARY

This report contains the results of interdisciplinary investigations of the Aubrey Clovis Site
(41DN479), located at Lake Ray Roberts, Denton County, Texas, and conducted by the Center for
Environmental Archaeology, University of North Texas for the U.S. Army Corps of Engineers, Fort Worth
District. Exposed by construction of the artificial outlet channel for the reservoir, the site is a multi-cluster
complex of archaeological features and artifact-faunal concentrations buried 7-9 meters below the flood
plain of the Elm Fork Trinity River. The Clovis-age materials are geologically situated on a paleosurface
within a 14 m thick sequence of late Quaternary deposits, associated with spring, lacustrine, alluvial and
colluvial sedimentary environments. A stratigraphically consistent set of 23 radiocarbon ages establishes
a sound chronometric frame for these deposits between 1.6 Ka and 14.2 Ka. The Clovis occupations are
directly dated by two radiocarbon ages of ca. 11,550 Ka determined on charcoal from a hearth. These
ages are securely bracketed by stratigraphically and numerically consistent ages above and below, within
the period of ca. 12,300 to 10,940 Ka. Paleoenvironmental reconstructions for the periods before, during
and after Clovis occupations have been afforded by pollen, insects, mollusks, vertebrate faunas as well
as sedimentary and geochemical data. In the early post-glacial period, the site environs was a cool
grassland with moderate effective precipitation, that evolved towards significantly warmer and drier
conditions prior to Clovis occupations. The environment ameliorated at about the time of occupations, but
exhibited a maximum of Late Quaternary mammalian biodiversity. Clovis artifacts and faunas occur in
multiple clusters, including *Camps B and F" that contain ca. 9,800 lithic artifacts, over 4,000 faunal
remains and features including hearths, lithic concentrations and a pit considered to be a well. These
concentrations were adjacent to a Clovis-age pond and river. Bison bones and associated artifacts
indicate a butchering (and “kill"?) locus on the pond shore opposite Camp B. Subsistence data from the
camps indicate exploitation of a broad set of animals, ranging from megamammals (Bison and possibly
Mammoth) down to small game, fish and birds. Lithic artifacts show procurement from a minimum of
almost 200 km from the site, with materials dominated by Tecovas quartzite, white Novachert and
Edwards chert , and including chalcedony, Alibates chert, and Morrison or Dakota sandstone. The
assemblage is dominated by repair and maintenance debris associated with bifacial and unifacial tools.
Latest stage manufacture is indicated for a biface(s), while all other activities were apparently performed
with only resharpening/ repair of other stone tools. Detailed spatial patterning indicates quite well
differentiated activities within and between these occupation clusters. Overall, the uniquely detailed
record of Clovis occupations at Aubrey registers an adaptive strategy characterized by high mobility,
broad exploitation of dispersed, variable resources, long-distance raw material procurement coupled with
efficient blank and tool depletion, and a probable combination of functional flexibility and strong within-
group task differentiation and integration.
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CHAPTER 1 INTRODUCTION

by
C. Reid Ferring

This report describes the archaeological and palecenvironmental investigations conducted at the
Aubrey Clovis Site (41DN479) by an interdisciplinary team lead by the Center for Environmental
Archaeology, University of North Texas. This work was performed as part of Contract No. Dacw63-86-C-
0098 with the Fort Worth District, U.S. Army Corps of Engineers. That contract originally covered
investigations within the reservoir area of Lake Ray Roberts, located in north central Texas (Figure 1.1).
Discovery of the Aubrey Site in the outlet channel of the reservoir led to contract modifications and an
intensive mitigation effort.

= SANSAS

OKLAHOMA

Figure 1.1 Map of the Southern Plains with location of Aubrey Site.
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Figure 1.2 Map showing the outlet channel at Lake Ray Roberts, and the location of the Aubrey site

The report contains ten chapters. The first chapters describe previous investigations of the geology
and Clovis archaeology in the Upper Trinity River Valley and the Plains region, respectively; the setting of
the site is then described. The next chapters, by the various specialists who collaborated on the research,
present geologic and paleoenvironmental data, and the interpretations of those separate authors of their
data. Included are the faunal data, which bear directly on the past environments as well as evidence for
Clovis utilization of those environments. The last two chapters present the archaeological data from the
excavations and analyzes, followed by a synthesis, prepared by the editor, of the Late Quaternary
paleoecology and archaeology of the site. The remainder of this chapter describes the chronicle of site
discovery, testing and excavation. This is followed by a brief review of previous investigations pertinent to the
study of the Aubrey Clovis Site.

Discovery, Evaluation and Investigations

Friday, December 2, 1988, was the last day of a two-year field program of Cultural Resources
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investigations at Lake Ray Roberts and Lake Lewisville. The next afternoon, the Aubrey site was discovered
during an informal visit to the outiet channel of the Ray Roberts Dam by the author and his eight year-old
son, Taylor. The outing was in part to collect fossils for Taylor's third grade teacher. The other aim was to
see what kinds of deposits had been exposed by excavation of the outlet channel trench. The outlet
channel is 10-11 m deep and 800 m long. It connects the outlet works at the dam with the natural channel
of the Elm Fork Trinity River, and was necessary because the natural channel is located at the eastern
abutment of the dam (an unsuitable location for outlet works).

The interest in the deeply exposed sediments was not entirely passing, since the author had
constructed a stratigraphic cross-section of the alluvium in 1985, using borehole data from the Ray Roberts
Dam pre-construction plans (Ferring, 1986). That cross-section was part of a data base on the late
Quaternary geology of the upper Trinity River basin compiled in order to develop a geoarchaeological
managment plan for cultural resources by the Corps. One conclusion of that study was the proposal that
the Pleistocene-Holocene stratigraphic boundary was buried deeply below the floodplain, at the contact
with sandy basal deposits and overlying silt and clay. The outlet channel was the only prospect for actually
seeing that contact, but it was also outside the scope of services for the CRM work at Ray Roberts. The
entire construction area had been surveyed almost a decade earlier, at which time the Aubrey site was
buried 7.5-9 m below the floodplain.

We walked down to the bottom of the channel, taking an oblique descent route, crossing the readily
visible contact between Cretaceous bedrock and the deep alluvium. Near the base ofthe channel slope
were reddish sands overlain by thick dark clays that extended to the floodplain. Near the (buried) vertical
contact between bedrock and alluvium were pale gray (almost white) lacustrine marls, overlain by dark gray
clay. Several bison bones and one deer carpal were found eroding from the dark clay. In the same clay, as
well as the sediments below snail shells were abundant, especially the very distinctive Pomateopsis
lapidaria, which is extirpated from the region today (Cheatum and Allen 1966).

P. lapidaria is one of the few snails known to me by species. Shells of P. lapidaria were abundant in
and just above the stratum containing the mammoth at the Domebo Clovis site. | was introduced to this
snail (and its stratigraphic importance) by Dr. Richard Fullington, during our visit to Domebo in 1979,
following our excavations at nearby Delaware Canyon (Ferring 1982, 1986). All of these things- the depth,
the prominent stratigraphic change, the lacutrine marls, the bison bones and the hundreds of P. lapidaria-
created an immediate excitement, for at the least a rich record of past environments was preserved here.
And, given the possible terminal Pleistocene age for the deepest deposits, the possibility that archaeology
was also there loomed. On the basis of these findings, the author notified Corps officials the following
Monday and a visit to the locality by Corps archaeologists was arranged.

On December 8, 1988, the author led Corps archaeologists Ms. Karen Scott and Dr. Jay Newman
and Dr. Ken Brown (UNT) to the locality. About 100m east of the bison bones, the author found the first
artifact: a Tecovas quartzite flake, located in the bottom of one of the many deep, short gullies that had
formed by erosional removal of the construction spoil from the slopes of the outlet channel. These gullies,
we later learned, were prominent at the level of the soil containing the Clovis artifacts. Below that horizon
there was a sharp reduction in the channel slope, corresponding with the less resistent Pleistocene sand.

Following up the gully in search of the flake's origin, the base of a gray quartzite biface was found
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protruding from undisturbed deposits. Careful removal of the biface was followed quickly by the revelation
that terminations of flutes were present on both faces. The exact position of the point was marked with a
flagged nail. Three more flakes were found after all parties carefully scrutinized the slope of the outlet
channel near and below the point location. The next day the author and Bob Skiles (crew chief on the RR-
LL project) reurned to the site, set up a datum and mapped the location of the spearpoint. This began their
collaboration on the excavations at the site, which were completed a year and one week later, when we
supervised the last of the backfilling of our excavation blocks.

These discoveries led to initial, limited test excavations, which included the following goals:

a. documentation of in situ archaeological materials

b. definition of the geologic context of the archaeological materials

c. definition of cultural affiliations of faunal materials located at the site

d. determination of the potential for paleocecological investigations

e. collection of data permitting recommendations for possible continuing archaeological and
geological studies at the site

Artifacts and faunal materials had been located on both the north and south side of the outlet
channel. Test excavations during this phase were only conducted on the south side of the channel.
Investigations on the north side included limited geologic observations, mapping and collection of an artifact
and faunal materials.

Exposure of the archaeological materials, between seven and eight meters below the surface, was
accomplished during construction of the outlet channel. It was clear that some of the archaeological
deposits were lost during exposure of the site; this unfortunate loss was offset by discovery of the site and
by the preservation of in situ materials amenable to continued testing.

The activities conducted during test excavations included:

1. establishment of site grid system, including temporary datum

2. intensive surface survey, followed by three-dimensional mapping of all surface artifacts and bone

3. location on the site (with generous help from Corps personnel) of a stake tied to the
embankment centerline and to a degradation benchmark.

4. limited topographic mapping

5. preliminary geologic mapping and stratigraphy

6. Excavation and/or partial excavation of eight 1x1 m test pits

7. inspection of site by paleontologists (Dr. Steve Hall and Dr. Ernest Lundelius, Jr.), including
preliminary sampling for pollen, molluscs, and microfaunal assessment.

8. partial laboratory processing and analysis of materials recovered through test excavations

Three areas of the site were initially incorporated into the grid system, because the site was so
large (these are described in detail in Chapters 2 and 9). Area A included spring and pond deposits; Area B
included sediments with Clovis lithic artifacts. Areas A and B are on the south side of the outlet channel.
Area C is on the north side of the outlet channel, across from Areas A and B. Results of testing in these
areas were:

In Area A, all bones found on the surface were mapped and removed. Six 1 square meter test pits,
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and two stratigraphic trench pits (test units 1755, 1855) were excavated. Pit 1258 was excavated into a gray
marl, and was essentially sterile except for molluscs and microfauna. The three central test units (1555,
1556, 1655) yielded many bones of an apparent single Bison sp. Quartzite resharpening chips and large
bones (bison and deer) were recovered from a very dark gray clay, rich in molluscs and organic material.

Several deer elements were also mapped in place, and large numbers of bone fragments were
recovered in the fine screens. No features were found in Area A; these sediments appeared to be pond
deposits, unsuitable for habitation, yet rich in paleoenvironmental data.

Because of extremely clayey deposits only two test pits were excavated in Area B. Both yielded
lithic artifacts in a definite occupation horizon. In these two test pits, 56 lithic artifacts and bone fragments
were mapped in situ. The vast majority of these occurred within a horizon that is ca. § cm thick. No
evidence of features was detected in these test units. A few bone fragments (large mammal and turtle)
were found in situ.

The concentration of lithic materials in a very thin zone, on a paleosurface that was above the pond
yet below 7m of alluvium indicated clearly that this was an intact archaeological deposit.

As a result of test excavations, mitigation was recommended. The Corps supported a year-long
field season that involved concurrent field and lab studies. This work was conducted throughout 1988,
ending in mid-December of that year. Those efforts focused on three areas with in situ Clovis artifacts,
including two camp areas and a bison butchering/procurement area. The mitigation efforts resulted in
systematic recovery of over 10,000 lithic artifacts and 15,000 faunal elements from excellent stratigraphic
contexts. The resulting analyzes of those materials, coupled with ancillary studies of palececological data,
have documented a rare and important record of Clovis occupations.

Previous Investigations

Paleoindian cultures including Clovis, Folsom, Midland, Plainview and Firstview, are known from
only a few in situ sites in the Southern Plains (Johnson, 1987; Wormington, 1957; Sellards, 1952).
Paleoindian artifacts have been found on the surface throughout the region, yet in situ sites are
concentrated on the Llano Estacado (Meltzer 1987; Meltzer and Bever 1895). The few sites with faunal
remains indicate exploitation of extinct megafauna including mammoth and bison, although broader
patterns of animal and plant procurement are presumed (Johnson 1987, 1895). Artifact assemblages
include spearpoints, scrapers, burins and bone tools. Most in situ sites have one or more large mammal
kills, but camp sites are very rare.

In 1927 the association between artifacts and extinct bison was demonstrated at the Folsom locality
(Figgins, 1927). Since then interdisciplinary study of late Quaternary geclogy and archaeological sites on
the Southern High Plains has been intensive compared to most other regions of North America. As part of
the history of archaeological geology, the research on the Southern High Plains is important in that it
demonstrated the efficacy of interdisciplinary teamwork in defining the character and context of |ate
Quaternary archaeological records. This conclusion will be illustrated by reviewing work at several key
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Figure 1.3 Map of the Southern High Plains showing Palecindian localities

demonstrated the efficacy of interdisciplinary teamwork in defining the character and context of late
Quaternary archaeological records. This conclusion will be illustrated by reviewing work at several key
localities on the Southern High Plains (Figure 1.2).

Brief reference must be made to several localities, at which comparatively limited research was
conducted in the 1940's and 1950's. Notable among these, and other researches, is the effort of E.H.
Sellards. Sellards' remarkably long and influential career of archaeological work in Texas began with
excavations at the Miami site, a Clovis locality in Roberts County, Texas (Sellards 1938, 1952: 18-29;
Holliday et al 1994). There, Sellards documented remains of at least five mammoths, with associated
Clovis artifacts, in the sedimentary fill of an ancient playa lake. His cautious appraisal of the cause of death
of the mammoths predicted much of the hunting-scavenging debate in today's literature on big game
procurement.

Later, Sellards collaborated with Evans and Meade (Sellards et al 1947; Sellards 1952: 60-68) at
the Plainview site, located along Running Water Draw. Their work defined the Plainview culture, a post-
Folsom Palecindian manifestation, in association with extinct bison. While work has continued at this site
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more recently (Holliday, 1985b), much more data on the Plainview culture has been recovered at Lubbock
Lake (see below). At the Milnesand site Sellards (1955) also found unfluted Paleoindian spear points, other
artifacts and bison bones in eolian sands.

In the same year of the Milnesand publication, the first (and only) human remains from a Southern
Plains Paleocindian locality were reported from the Scharbauer (Midland) site, located near Midland, Texas
(Wendorf et al 1955; Wendorf and Krieger 1958). This site has several eolian and possibly lacustrine sand
units, from which numerous Paleoindian artifacts and late Pleistocene-early Holocene vertebrate remains
were recovered.



One of the earliest interdisciplinary archaeological projects in the United States was conducted at
the Clovis type site, Blackwater Locality No. 1. Located between Clovis and Portales in eastern New Mexico,
this stratified site contains evidence of multiple Paleoindian and Archaic activities within a sequence of
spring, lacustrine and eolian sediments. Abundant megafaunal remains, artifacts and prehistoric wells have
been studied over numerous separate investigations and during the course of continued gravel quarrying.

Between 1933 and 1937 Howard (1935) conducted archaeological excavations and led a team of
interdisciplinary scientists that began to study the locality. Antevs (1935, 1949) provided initial stratigraphic
and sedimentary descriptions. Howard supported analysis of the vertebrate and invertebrate faunas (Stock
and Bode, 1936) and pollen and diatom data (Hester 1972: 18-29). By bringing these specialists together,
Howard began the process of examining stratified artifact-faunal associations in paleoenvironmental
contexts. This approach enabled and fostered consideration of both human and environmental factors in
the extinction of Pleistocene megafauna.

Renewed investigations at the Clovis Site 1949-1950 included geoarchaeological studies by Evans
(1951) who refined the stratigraphy of the locality. This research also enabled Sellards (1952: 28-31, 54-
58, 72-74) to synthesize the archaeological and natural stratigraphy. Sellards stressed that at the Clovis
Site Folsom bison kills were clearly superposed above Clovis artifacts associated with mammoth bones.
Thus Blackwater became the first site where different Paleoindian cultural remains with associated extinct
megafauna could be stratigraphically separated. This site is still one of the most important Clovis localities
in North America, despite the fragmentary nature of the investigations there. The recent synthesis of the
stratigraphy, chronology and site formation history by Haynes (1995), and the comprehensive review of
High Plains stratigraphy by Holliday (1995) highlight the importance of the site and its potential to yield
further evidence of Clovis adaptations.

Serial interdisciplinary study of many High Plains localities was conducted in the 1850's and 1960's
(Wendorf 1961; Wendorf and Hester 1962, 1975). Following the precedent of Howard (1935), Fred
Wendorf brought together specialists from many fields in an integrated analysis of late Quaternary geology,
past environments and archaeclogy. Paleoenvironmental reconstructions were made by study of multiple
independent data sets, especially pollen (Schoenwetter, 1975; Oldfield, 1975), vertebrate faunas
(Slaughter, 1975), diatoms (Hohn, 1975), and molluscs (Drake, 1975).

The framework for the paleoenvironmental and archaeological data was established through the
stratigraphic analyzes of Harbour (1975) and especially Haynes (1975). These studies contributed directly
to palecenvironmental reconstruction in that emphasis was given to sedimentary environments. The
geologic data also were used to establish archaeological stratigraphy, the contexts of artifacts and faunal
remains, and the paleotopographic-habitat settings of archaeological sites. Stratigraphic correlation of High
Plains localities was a framework for syntheses of archaeological-paleoenvironmental data (Hester 1975;
Wendorf 1975; Wendorf and Hester 1962, 1975). On a larger regional scale, the late Quaternary
stratigraphic framework developed by Haynes (1967, 1970, 1984, 1995) and Holliday (1995) is essential for
site comparisons and as a basis for archaeological site prediction.

Research at the Lubbock Lake site, a deeply stratified locality on Yellowhouse Draw near Lubbock
(Figure 1.2), has proceeded almost as long as the work at Blackwater Draw. Initial investigations supported
by the W.P.A. began shortly after its discovery during quarrying operations in 1938. Although not published



until much later (Wheat, 1974), the initial work demonstrated the presence of Clovis, Folsom, Archaic and
Late Prehistoric artifacts and features, and also recorded substantial information on the geology of the site.
Work by Glen Evans and Grayson Meade for the Texas Memorial Museum resulted in the first Folsom
radiocarbon age (Sellards 1952; 53).

The Lubbock Lake site contains stratified Clovis, Folsom, Plainview and Firstview Paleoindian
occupations as well as younger Archaic and late Prehistoric artifacts and features (Johnson and Holliday
1989; Stafford 1981; Johnson 1995). Well preserved faunal remains (Johnson 1986, 1987) and an
exceptional paleoenvironmental record add to the significance of the locality. The extensive literature on this
project shows clearly the interdisciplinary character of the research carried out over the last 15 years.
Comprehensive stratigraphic, sedimentary and pedogenic analyzes were conducted subsequently by
Holliday (1985a, 1995, 1997; Holliday and Allen, 1987). Over 100 radiocarbon ages have been determined
for the locality (Holliday and others, 1985).

Rolling Plains

In contrast to the Southern High Plains, the Rolling Plains (Figure 1.2) have more local relief and
better developed drainage networks. Quaternary sediments are predominately alluvium, although eolian
sands flank many larger valleys. Lacustrine deposits are not extensive, and occur mainly in the western part
of the area, near the Llano Estacado escarpment (Gustavson 1986).

The earliest studies of late Quaternary geology and archaeology in the area were conducted near
Abilene (Figure 1.2) by Ray, who also collaborated with Kirk Bryan. Although initial publications of Ray's
work in this area occurred in 1929-1930, more substantial reports began with the description of the McLean
site, a Clovis locality near Abilene (Bryan and Ray 1938; Bryan 1938; Ray 1942). Later, Ray (1944)
described the stratigraphy of several sites along the Clear Fork of the Brazos. His report provides initial
evidence that late Pleistocene alluviumn, usually rich in faunal remains, was buried up to 8 m below the flood
plain, and was covered by Holocene silts that often contained stratified archaeological deposits.
Remarkably, the promising localities in the Abilene region have not been studied since Ray and Bryan
defined their potential.

In the MacKenzie Reservoir is the Rex Rodgers site, where assemblages with San Patrice-like
points were stratified below horizons containing early Archaic side-notched points and bones of extinct bison
(Willey and others, 1978). At nearby Lake Theo stratified Folsom, Plainview and Archaic archaeological
materials are documented in late Quaternary alluvial/eclian deposits (Harrison and Killen, 1978).

While numerous Palecindian artifacts have been reported from the Rolling Plains of Oklahoma,
archaeological sites of the same period are few (Ferring, 1990a; Hughes 1984; Hofman and Wyckoff,
1991). The well-known Domebo Clovis Site is buried 12m below the former floodplain of the narrow,
deeply incised Domebo Canyon that is the head for a tributary of the Washita River (Leonhardy, 1966;
Ferring and Hall, 1987). At Domebo, a semi-articulated skeleton of Mammuthus columbi and three Clovis
spearpoints were found in organic rich sandy clays dated to ca. 11,200 bp., based on numerous radicarbon
ages on many materials (Stafford, et al. 1988) (The Washita River Valley, as well as its tributaries (including
Domebo Canyon) were all deeply (8-15 m) incised before the beginning of the late Holocene (Goss and
others 1972, Ferring 1982; Hall and Lintz 1984; Hofman and Brackenridge, 1988). At a number of other
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drainages over the southern Osage Plains and Gulf Coastal Plain of Texas, the maximum incision probably
coencided with the last glacial maximum (Ferring, 1920a, 1993).

Plains Margin: Northcentral Texas

The southeastern margins of the Plains merge gradually with the western fringes of the Gulf
Coastal Plain (Figure 1.2). Ecologically and archaeologically, the north central Texas area is a borderlands,
but because prairie environments are predominant, it is included within the Southern Plains.

Archaeological geology in northcentral Texas has lagged behind the rest of the Southern Plains,
despite a number of early investigations along the Trinity River (Shuler, 1923; Albritton and Patillo, 1940).
Until the last 20 years, archaeological studies in this area were dominated by contributions from avocational
archaeologists, especially the late R.K. Harris (Ferring, 1986c¢).

Discovery of the Lewisville Clovis site, north of Dallas on the Elm Fork Trinity River brought
immediate attention to the archaeology and geology of the area (Crook and Harris, 1957, 1958). Study of
the site was integrated into broader geologic and paleontologic investigations of the Trinity Basin (Slaughter
and others, 1962). The system of terrace nomenclature proposed by W.W. Crook (Slaughter and others,
1962) was recently revised, as part of geoarchaeological studies in the Trinity Basin (Ferring 1986c,d,
1987a, 1990, 1993, 1995).

Terraces along the Trinity River are all late Pleistocene and older (Fig. 7). Alluvial fill of the lowest
terrace has been dated to ca. 20-23 KA (Willimon, 1972). The age of the Hickory Creek Terrace (Ferring
1993), is estimated to be middle Wisconsin. Thus, the alluvial fill for this terrace is much too old to have
been contemporaneous with Clovis occupations as claimed earlier (Crook and Harris, 1958; Slaughter and
others, 1962). From borehole data (Ferring, 1986d, 1990) there is evidence that alluvial fill below the flood
plain in the Dallas area is over 20m thick. Farther upstream, near Denton, the alluvium below the flood
plain is about 13-14 m thick.

Other Clovis localities in north Texas include the Field Ranch Site (Jensen 1968). This site has a
quartzite Clovis point base, but little else that can be directly associated with Clovis. The intriguing apparent
association between Clovis points and a mastodont skeleton at the Murphey Site at Lake of the Pines (Story
1990:185) would constitute one of three such association in North America, but unfortunately the site has
been destroyed. Otherwise, the Clovis culture is known only from widely distributed surface finds of Clovis
points (Meltzer 1987, Meltzer and Leper 1985).

In Central Texas, Clovis materials have been notably excavated at Horn Shelter, Southern End
(Redder 1985). These included artifacts, hearths and faunal remains. Clovis materials from the Pavo Real
Site in San Antonio (Henderson and Goode 1991) are important, but unfortunately are mixed with other
Paleoindian materials. Recent work atthe Site (Bousman and Collins 1990), Kinkaid Shelter (Collins 1990)
have yielded important technological data about Clovis, but unfortunately little concerning subsistence and
environment. Continuing efforts at McFadden Beach, on the Gulf Coast illustrates the potential of the site to
provide in situ Clovis artifacts and faunas (Long 1977; Story 1990:1889).



1

In sum, the number of in situ Clovis sites in the Southern Plains is few to say the least. Of these,
several include Clovis points and an elephant (Domebo, McLean, Miami, Murphey) while others have yet to
yield an in situ camp occupation surface. Further, the stratigraphic record of Clovis is usually underlain by
organically sterile sediments (Holliday 1995; Haynes 1984, 1995; Ferring 1990). Thus the all-important
environment versus overkill debate on Pleistocene extinctions receives little data from contexts prior to
Clovis arrivals (Martin and Wright 1968; Martin and Klein, 1984; Grayson 1987, 1989).

Because Aubrey has organic rich sediments dating from ca. 14,200 yr ago, and because it contains
in situ camp debris including faunas, and because it has been very well dated, it provides a most important
point on the Clovis map. This report will endeavor to describe and interpret that point.
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CHAPTER 2
THE SITE SETTING, EXCAVATIONS AND METHODS

by
C. Reid Ferring

Introduction

This chapter first describes the present day geographic and environmental setting of the Aubrey
Clovis site. The second objective of this chapter is to provide an overview of the site itself. The physical
setting, the nature of the exposures, and the logistical problems posed by deep burial all are important
aspects of the work that was accomplished. Further, the later chapters describe data collected from a

variety of trenches, boreholes and excavation blocks. To acquaint the reader with this field situation, the
layout of the different investigations is described here.

Environmental Context
Physiographic Setting

The Aubrey site is located on the Elm Fork of the Trinity River in the Upper Trinity River drainage
basin, Denton County, Texas (Figure 1.1). This area of north-central Texas is at the boundary between the
southern Osage Plains and the Gulf Coastal Plain physiographic provinces (Fenneman, 1931, 1938). The
Trinity River flows south, joining the Gulf of Mexico at Galveston Bay, some 450 km away. The Upper
Trinity River drainage basin is bound by three other major drainage basins: the Red River to the north, the
Brazos River to the west-southwest, and the Sabine River to the east (Figure 1.1).
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Figure 2.1 Climatic Parameters for Northcentral Texas. Note the weakly seasonal climate, with two

main periods of rainfall separated by a hot dry summer.
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THE AUBREY CLOVIS SITE
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Figure 2.2 Biotic provinces of Texas. Note that today Aubrey is situated in the diverse northcentral

Texas region which has strong bedrock-soils controls on vegetation. The late Pleistocene
landscape was almost all prairie.




Figure 2.3 Photographs of vegetation communities in North Texas. a- typical view of the Fort Worth
Prairie, west of Denton, Texas. Local prairies occur on shale, marl and limestone bedrock. ;
b- View of the upland oak-hickory savannah north of Fort Worth, Texas. This is locally called the
“West Cross Timbers”, and corresponds with sandstone bedrock. Pollen data from Aubrey show
that these upland forests were not present in the late Pleistocene.

15
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Just 40 km north of the Aubrey site is the Red River, the principal drainage of the southern Osage
Plains. The Red River facilitates communication from the Southern High Plains (Llano Estacado) to the
Ouachita Mountains of Oklahoma and Arkansas, and then to the lower Mississippi Valley. The Aubrey site
is thus strategically located with respect to both an east-west route across the Southern Plains, and the
north-south route along the Trinity River which provided direct communication with the Gulf Coast.

This location was ideal for exploitation of diverse and widespread biotic communities. It also
minimized travel times to lithic raw material sources. The Red River would take folks to gravel and/or
bedrock sources of raw materials derived from Triassic bedrock that crops out along the Caprock
Escarpment of the Llano Estacado (Banks 1990; Holliday and Welty 1981). Numerous varieties of chert,
quartzite and novaculite crop out in the Ouachita Mountains east of Aubrey; those materials can be
acquired at the bedrock exposures or as gravel in the streams draining the Ouachitas into the Red River.
The Trinity River crosses several lithic sources, notably the Catahoula Fm., which yields high quality
quartzite and chalcedony (Thomas 1960; Paine and Meyerhoff 1968; Scheldt 1974). Good knappable
quartzite also occurs within the Manning Fm, which crops out south of the Catahoula rocks, closer to the
Gulf Coast. The coast was frequented by Clovis groups, as evidenced by scattered finds of Clovis points
along the Gulf Coast (Meltzer and Bever 1995). Numerous Clovis points and Pleistocene vertebrate
remains have been found in eroded but nonetheless concentrated localities at McFadden Beach near
Galveston (Long 1977)

Climate

The climate of this region of Texas has a weakly seasonal, subhumid precipitation regime, and a
strongly seasonal, thermic temperature regime (Bomar 1983; Bull 1991:35). Summers are hot and winters
are mild except for periods of brief but sometimes intense cold temperatures associated with Arctic fronts
locally called "northers". These fronts frequently are accompanied by rain, and less frequently by snow
and/or ice storms.

Historical records show that the late spring and early fall are usually the wettest periods of the year,
whereas summers are usually hot and dry (Figure 2.1). Dry periods lasting weeks to several months are
common in this region. Intense, multi-year droughts occur cyclically and/or periodically, such as in the
1930's and the early 1950's. Overbank flooding is common in the spring months when cyclonic storms
result from Pacific air masses colliding with warm Gulf air. For example, the town of Pilot Point, located 20
km northeast of Denton, received 30.3 inches of rain in May, 1982 (Bomar 1983: 225). Occasionally,
tropical storms reach this area in the early fall, causing severe flooding. Of the 33 largest floods in Texas
since 1899, Bomar (1983: 231) lists seven in the Dallas-Fort Worth area. Five of these were cyclonic storms
and two were tropical storms.

Average rainfall in Denton County is 32 in/yr (813 mm/yr) and the average temperature is 65.2°F
(18.4°C) (Ford and Pauls, 1980). The region is ecotonal between the prairie plains to the west and the pine-
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broadleaf forests in east Texas. Because of the moderate climate, edaphic controls on vegetational
patterns are distinct. Limestones and marls weather to clayey calcareous soils that support prairie
ecosystems; in contrast, sandstone bedrock weathers to form sandy, well-drained soils that are good
habitat for upland oak savannahs (locally called the "Cross Timbers").

Vegetation and Faunas

Today, vegetation in the Upper Trinity River basin is edaphically controlled. Calcareous clayey soils
on Cretaceous limestones, marls, and chalks are associated with prairies. Sandy and loamy soils on
Cretaceous sandstones are associated with upland forests. In this area the Woodbine Group sandstones
and shales control the distribution of the Eastern Cross Timbers, an upland oak-hickory forest (Dyksterhuis
1948). To the west is the Grand Prairie (Hill 1901). To the immediate east of the Eastern Cross Timbers is
the Blackland Prairie. The Aubrey site is today located at the distinct boundary between the Eastern Cross
Timbers and the Fort Worth Prairie (Figures 2.2, 2.3). Today these two biotic zones have distinct plant and
animal communities. The late Pleistocene landscape had radically different features: extinct and extirpated
species of animals living on a prairie. This picture is developed in later chapters of this report.

Site Setting

The Aubrey Clovis site was found in sediments near the base of a 35 foot (10.7 m) deep outlet
channel for Lake Ray Roberts (Figures 2.4, 2.5). The outlet channel extends about 800 m from the dam to
the natural channel of the Elm Fork Trinity. Below the dam, the outlet channel first crosses the Denton
Creek Terrace (Pleistocene) revealing alluvium (Carroliton Alloformation) above the Cretaceous bedrock
(Paw Paw Fm. shale and sandstone). East of the terrace scarp, the late Pleistocene (Aubrey Alloformation)
and Holocene (Sanger and Pilot Point Alloformations) sediments are exposed. Borehole logs reveal a total
thickness of ca. 14 m of those sedimets below the floodplain.

At the time of discovery, intact sediments were only visible in the lower part of the outlet channel;
the rest of the channel slopes were thickly vegetated or had a veneer of gravel and sand that had been
dredged from the channel axis. But fortunately all of the Clovis age deposits were exposed in the channel
slopes. The channel was about three years old at the time of discovery. Had it been visited much earlier,
neither the late Quaternary sediments nor the Clovis materials may have been visible. A few years' erosion
cleaned up the outlet channel's slopes quite a bit.

Discovery has its price. The outlet channel cut through the site and probably removed much
material, especially in Areas B and C, where artifacts were found on both sides of the outiet channe (Figure
2.6). Area C was also impacted by the outlet for a collector channel that enters the main outlet channel
across from Block B. After all is done, however, the outlet channel exposed a fragment of the Clovis world
that could otherwise have lain undetected almost indefinitely. The damage done in the process of exposure
was worth the price, especially since we don't know exactly what that price was.

The only access to the deeply buried Clovis surface was down the outlet channel slope. This
position pose serious logistical constraints on our ability to explore the deposits during testing. The outlet



18

Figure 2.4 Photograph of the outlet channel for Ray Roberts Lake. View is from the dam to the south-
southeast. Surface at curve in road is a late Pleistocene terrace. Beyond that is the present
floodplain, and the high ground beyond supports the upland forests called the “East Cross
Timbers” (see Figures 2.2, 2.3).

channel was designed to have 1:3 slopes; the final result was close to that. The steep slope made it
extremely difficult to use a backhoe during testing. Only the great skill of Crew Chief Bob Skiles enabled us
to take a backhoe down the slope to excavate the stratigraphic trenches that proved critical to formulating
strategy for the initial phase of excavations (Figure 2.5). Ideally, we would have exposed the Clovis
sediments in a ca. 150 m long trench parallel to the outlet channel. This could not have been done without
causing great damage to the site. Such a trench would have to be dug near the base of the outlet channel
slope, so that the Clovis age deposits could be exposed. This would have required building an access ramp
down to the base of the channel slope, and also dozing a bench parallel to the channel for the backhoe. To
avoid that damage, we utilized the available exposures in the outlet channel, and excavated several short
perpendicular trenches along the channel. More trenches were excavated later in the field investigations to
help resolve stratigraphic problems and to expose Clovis materials. The steeper north slope of the outlet
channel further limited backhoe access, so that only one trench was excavated there. Area C was tested by
a series of hand-excavated 1x1 m Test Units (Figure 2.6).
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Figure 2.5 Photograph of overburden removal at Aubrey. Work here is exposing block in “Camp B”
by removal of over 2,000 cubic meters of floodplain deposits that accumulated in the Holocene.
The Clovis occupation surface is ca. 1.3 m above water level here in the Camp B area.

The lowest Clovis materials in the pond axis sediments (within Area A ) were about 60 cm above
the water table, which was the same elevation as the water surface in the outlet channel. Most of Backhoe
Trench 2, in the western part of the pond deposits, was excavated below the water table, which helps
explain the excellent preservation of organic materials. Major setbacks to the excavation schedule were
caused by the unusually heavy rains of the spring of 1989, which filled Lake Lewisville to its emergency
levels. This backed up Lake Lewisville water all along the outlet channel and inundated the Aubrey site for
days on end. We joked that this was the second Clovis site that Lake Lewisville had inundated, the first
being the Lewisville site about 30 km downstream (Crook and Harris 1957, 1958).

Overview of the Excavations

Clovis occupation and activity areas were principally excavated in four blocks that were spaced
along the south side of the outlet channel. Clovis people had occupied or used several places at the Aubrey
locality. As described later, these occupation areas were located on both shores of the Clovis-age pond,
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Figure 2.6 Map of excavations at Aubrey. Note the large site complex, composed of discrete concentrations of artifacts and faunal materials at

excavation block locations. Block A is at western edge of Clovis-age pond near spring. Block B is the Clovis camp on the east shore of the pond.
Block F is on west bank of Clovis age river, and artifacts also occur on east bank of the paleoriver in Area G. Outlet channel apparently bisected
Camp B, as shown by small area with in situ materials in Area C on north side of outlet channel.



21

and also at several places along the Clovis-age river channel. In these settings we found artifacts and
faunal materials, and, after test excavations, opened blocks for intensive data recovery (Figure 2.6).

For main excavations, we had to remove huge volumes of clay overburden to expose the Clovis
surface. Using a trackhoe and a dump truck, 2,000 cubic meters of overburden were removed to prepare
Block B (Figure 2.4). A smaller volume of overburden was removed in similar fashion for Block A (pond
axis). Overburden removal for Block F was done entirely with the backhoe. All of the excavated areas at
Aubrey were backfilled at the end of excavations.

The Aubrey locality is so large that our horizontal grid system was divided into 100 m long
segments on either side of the outlet channel. Excavation blocks were named after their grid cell (A pond
axis, A red wedge, Block B and Block F). In Figure 2.6, note that the blocks are actually positioned
according to the Clovis age landscape.

Trench 1 is located on the spring. Block A is in the middle of the Clovis age pond. Block B is
situated on the eastern shore of the pond. Block F is located on the western bank of the Clovis age river
(which flowed to the south at this point). Backhoe trenches between these blocks, and 17 boreholes drilled
45 feet (16 m) deep from the floodplain, were used to better define the subsurface geology of the site.
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CHAPTER 3
GEOLOGY OF THE AUBREY CLOVIS SITE

by
C. Reid Ferring

Introduction

The 800m long outlet channel below the Ray Roberts dam exposed about 9m of deposits above
the water level, enabling discovery of the deeply buried (7.5-9 m) Aubrey site. The ca. 3:1 slope of the
outiet channel walls then made it possible to open relatively large surface areas for excavation, at depths of
7-9m below the floodplain. This chapter presents a description and synthesis of the geology of the locality
and its broader setting, providing the basis for discussion of the environmental context and the formation
history of the site.

Considerable work on the Quaternary geology of the upper Trinity Valley had been done prior to
the discovery of the Aubrey site (Ferring 1986a, 1980a). Nonetheless, a significant part of the studies at
Aubrey was devoted to developing a detailed picture of the depositional (sedimentary) and post-depositional
(diagenetic and pedogenic) features of the deposits. This geologic component of the research was charged
with meeting immediate needs to guide excavations and collect environmental data during fieldwork. We
also needed to collect sufficient geologic data to support the contextual, archaeological and
paleoenvironmental analyses which were done following the field investigations.

Regional Geologic Context of the Aubrey Site

The regional late Quaternary geologic context of Aubrey is important to understanding both the
broad site setting and the specific if not unique geologic characteristics of the site. The regional late
Quaternary geomorphic and stratigraphic framework is important in three main ways. First, that framework
helps explain why in situ Paleocindian sites are so rarely found. Second, it is a foundation for collecting and
interpreting paleoenvironmental data pertinent to finding and studying Paleoindian sites. Last, the late
Quaternary geology of the Upper Trinity River basin provides a basis for assessing the possibility of “pre-
Clovis” age occupations in the region. This can be done probabilistically by defining patterns of preservation
and exposure of “pre-Clovis” sediments, and, perhaps better, by developing and implementing
archaeological survey strategies. This “pre-Clovis” issue may seem quite peripheral to study of the Aubrey
site. But in later summation discussions the issue of possible occupations older than Aubrey in this region
will be shown to be important indeed to interpreting the record from Aubrey.

Bedrock Geology

The entire Upper Trinity River drainage basin has developed over Cretaceous and Pennsylvanian
sedimentary rocks (Hill, 1901; Shuler, 1918; Winton, 1925; Barnes, 1967; 1988; Hendricks, 1976). The
upper part of the West Fork of the Trinity drainage, northwest of Fort Worth, is underlain by Pennsylvanian
limestone, shale and sandstone (Figures 3.1, 3.2). All other portions of the Upper Trinity River drainage
basin have developed over mixed carbonate and siliciclastic Cretaceous rocks (Table 3.1).

Diverse alluvial sources are reflected in both textural and lithologic variability of late Quaternary
alluvial deposits at two scales. First, the sediments vary with local sedimentary environments such as point
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Table 3.1  Cretaceous Stratigraphy of Northcentral Texas.

STRATIGRAPHIC UNIT Thickness LITHOLOGY
(feat)
u r Cr
Austin Chalk 400-600 massive chalk with thin marl interbeds;

weathers white

Eagle Ford Group 250-350 selenitic shales with thin sandstone
beds and calcareocus concretions;
weathers gray

Woodbine Formation 200-350 predominantly fine grained sandstones
with thinner shale beds and members.
Weathers red with numerous ferruginous

concretions.

Lower Cretaceous

Grayson Marl 30-60 marl and calcareous clay with few thin
limestone beds. weathers yellowish

’ brown.

Main Street Limestone 10-25 fossiliferous limestone and
calcareous shale. weathers light gray
to white.

Pawpaw Formation 15-50 sandstones with shale interbeds. Many
ferruginous concretions. weathers
brown.

Weno Limestone 60~-130 marl and limestone; many concretions,
fossiliferous. weathers gray.

Denton Clay 20-45 calcareous shaley clay and thin
limestones; weathers brownish gray.

Fort Worth Limestone 25-35 massive and burrowed limestone with
thin marl interbeds; fossiliferous,
weathers yellowish brown.

Duck Creek Formation 50-100 fossiliferous limestone with thin marl
interbeds. weathers yellowish brown.

Kiamichi Formation 20~50 marl and thin limestone with a few thin

calcareous sandstones. weathers
yellowish gray and brown.

Goodland Limestone and

Walnut Clay 30-90 massive and nodular limestone with beds
of marl and clay. weathers dark gray to
brown.

Antlers Sand 500-650 sand, clay and conglomerate; carbonates
4 increase to south. weathers yellowish
brown.

bars, floodbasins, etc. In response to Late Quaternary climatic-environmental changes, larger scale
variation in stream type is expressed as major changes in textural lithofacies associated with both
meandering suspended load and sandy bedload stream deposits (Ferring 1993). The Late Quaternary
alluvial geology of the Trinity is discussed below, as a framework for the record at the Aubrey site.
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Figure 3.3 Drainage networks in northcentral Texas

In the Cretaceous bedrock of the Upper Trinity River Basin knappable stone materials are
completely absent (Banks 1990). A number of cherts and quartzites occur in Pennsylvanian rocks west of
Decatur, Texas (Figure 3.2) The only lithic raw materials available locally to the Aubrey site are gravel
deposits, that contain metaquartzite, ferruginous sandstone and fossil wood. The most common of those
materials is “Ogallala Quartzite”, which is a crystalline to cryptocrystalline metaquarztite derived from the
southern Rocky Mountains, and found in local surface concentrations in uplands (Menzer and Slaughter,
1968). These raw materials are common in the Archaic and Late Prehistoric assemblages from this region,
but none were found in the Aubrey lithic assemblages. For the Aubrey occupants, they could have, but
chose not to use local materials, which for the most part have poor knapping properties; instead, they
elected to import knappable stone over long distances by procurement and/or trade. Long-distance
transport of raw materials is a commonly documented aspect of Clovis lithic technology (Frison 1993;
Frison and Bradley 1999; Stanford 1999; Meltzer 1988, 1989; Tankersley 1994; Meltzer and Bever 1995 ).
Agreement on whether the materials were acquired directly or exchanged is not commonly documented.
Regardless, the Aubrey lithic assemblage loudly reiterates the theme of long-distance stone procurement.
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Regional Geomorphology and Soils

Bedrock lithology is the principal factor influencing regional morphogenesis. Four major upland
physiographic subdivisions are recognized (Hill, 1901; Fenneman, 1938): Western Cross Timbers, Fort
Worth Prairie, Eastern Cross Timbers and Black Prairie (Figures 3.2). Because climatic variation within this
region is minor, differences in landforms, soils and vegetation among the four upland subdivisions are
attributed to different bedrock lithology. A characteristic feature of this region is its mosaic of soils; calcic
Mollisols and Vertisols are associated with calcareous bedrock and alluvium, whereas Alfisols are
associated with sandstone bedrock and sandy alluvium.

The Western Cross Timbers region corresponds with the area underlain by the Antlers Formation
(Figures 3.2, 2.4). North of Fort Worth the Antlers Formation is comprised mainly of fine grained sandstone
and some shale. South of Fort Worth the correlative Twin Mountains, Glen Rose and Paluxy Formations
have more diverse lithology. The Western Cross Timbers region is a rolling to deeply dissected area with
sandy soils. Especially in the northern part of this area, steep canyons have incised into friable sandstone
bedrock. Soils in the Western Cross Timbers region are mainly Paleustalfs. The climax vegetation is an oak
savannah (Dyksterhuis, 1946; 1948). The overstory is dominated by Post Oak (Quercus stellata) and
Blackjack Oak (Q. marilandica). Trees are more common in this area today than in pre-settlement time
because of fire control. Grasses and a variety of forbs constitute the understory vegetation.

The area with outcrops of Antlers Sandstone is a major recharge zone for the Antlers aquifer
farther east. As late as the 1920's numerous artesian wells flowed from this aquifer in the Dallas-Denton
area (Hill 1901; Shuler 1918). At Aubrey, a groundwater spring flowed in the late Pleistocene (see
discussions below). That spring appears to have been defined by local fractures in bedrock, and was
probably comparable to some of the artesian springs noted more than nine decades ago by Hill. Today the
Antlers Sandstone remains an important aquifer in this region, although none of the wells have artesian
flow.

The Fort Worth Prairie is the central portion of the Grand Prairie, situated between the West Fork
Trinity River and the Red River (Hill 1901; Figure 2.4). The Fort Worth Prairie is underlain by generally
hard, resistant Cretaceous limestone, from the Goodland Fm. in the west to the Grayson Fm. in the east.
Differences in bedrock lithology have controlled development of local relief, including upland prairie
topography and also the configuration of tributary alluvial valleys. Overall, the Fort Worth Prairie is a level to
gently rolling surface that follows the gentle bedrock dip to the east (ca. 25fUmile - 4.74m/km). The
stream valleys on the Fort Worth Prairie are quite straight and deep, with many steep, short tributaries.
Soils on the Fort Worth Prairie vary according to bedrock parent material. Most of the upland soils are
mainly clayey and calcareous Chromusterts, Calciustolls or Haplustolls; Paleusterts and Paleustalfs are
less extensive (Ford and Pauls 1980).

The Eastern Cross Timbers subdivision, which follows the exposure of Woodbine sandstone, is a
narrow north-south belt of low hills that stand above the prairies on either side. Paleustalfs are the most
common soils, having formed in deep sandy parent material. Edaphic controls on vegetation are similar to
the West Cross Timbers, as oak forests are important components of the climax vegetation. Because the
Woodbine Fm is thinner than the Antlers Sandstone, the Eastern Cross Timbers is narrower than the
Western Cross Timbers.

The Black Prairie subdivision is immediately east of the Eastern Cross Timbers, and corresponds
with Upper Cretaceous rocks, including the Eagle Ford Fm (shale, clay and marl), the Austin Chalk and the
Ozan Marl. Thick calcareous and clayey soils are predominant in this subdivision. The climax vegetation
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was comprised of mixed grass prairies, with “breaks” of cedar and oak trees on the in-facing “White Rock
Escarpment” formed by the western edge of the Austin Chalk (Figure 3.2) North and south of Dallas, the
Austin Chalk has weathered to form a tableland frequently blanketed by deep, black Vertisols, the Houston
Black Clay soils (Ford and Pauls 1980). The more-easily eroded Eagle Ford shale has been sculpted into
valleys that separate the Woodbine sandstone hills from the White Rock plateau (Figure 2.5).

Alluvial geology shows that this regional bedrock setting was fully in place during the Clovis
occupations of Aubrey. Pollen data, however, reveal that the upland forests, the Cross Timbers, did not
exist during the Clovis period, but rather were established during the middle to late Holocene (Hall, this
volume; Ferring 1993). Apparently prairies stabilized the upland landscape during much of the upper
Pleistocene. The major geomorphic changes included the lateral and headwards expansion of the
floodplain which became the Hickory Creek Terrace. The terrace surface increases in elevation above the
modern floodplain from about 15m to ca. 23 m between the Aubrey site and Dallas . The second major
change was the relatively rapid incision of the valleys by their channels. This incision appears to have
always reached bedrock, and the large bedload channels left prominent scarps created as cutbanks of the
large meanders that were the major erosive agents. The pond at the Aubrey Site formed in and around
one of those cut-off meanders, as will be detailed shortly.

Alluvial Geomorphology and Stratigraphy of the Upper Trinity River Basin

The geomorphic context of the Aubrey site within the Upper Trinity River Basin will be described
from a vantage point of the Late Quaternary geomorphic evolution of the valley (Figure 3.4). This broader
geomorphic context is an important component of regional investigations, including stratigraphic
correlations of Aubrey with other drainage basins as well as the development of site survey strategies
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Figure 3.4 Diagrammatic Cross-Section of the Upper Trinity River Basin.
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Figure 3.5 Topographic map showing terraces in vicinity of the Aubrey site. Note Hickory Creek
Terrace at left, and lower Denton Creek Terrace overlooking floodplain setting of the site. The
Denton Creek Terrace juts out into the valley, perched on a bedrock strath, and incised by a large
late Pleistocene meander.

(Ferring 1994). Also, substantial revisions have been made to previous alluvial stratigraphic schemes,
including interpretations of the geologic contexts of Paleoindian sites in this region, including the Lewisville
site, about 20 km south of Aubrey (Crook and Harris 1957, 1958, Slaughter et al., 1962). The more recent
geologic investigations began in 1985, as part of a geoarchaeological assessment of the Trinity Valley for
the U.S. Army Corps of Engineers (Ferring 1986, 1990a, 1991). That work was extended by projects at
Lake Lewisville and Lake Ray Roberts (Ferring 1995,1997, 1998), and by the author’s PhD dissertation
research (Ferring 1993).

The following discussions describe the morphostratigraphy of the Upper Trinity River Basin. The
terraces and floodplain are next the context for the alluvial stratigraphic units. alluvial stratigraphy followed
by alluvial stratigraphy he evidence for late Quaternary geomorphic features that are buried beneath the
floodplain is presented. These data are essential components of the geologic record needed for
reconstruction of the landforms that existed before during and after Clovis occupations.

Terraces
To the west of the Aubrey Site, there are three terraces above the floodplain of the Elm Fork Trinity

(Figure 3.5). The topographic cross-section of the valley is asymmetric along the upper reaches of the Eim
Fork. Because the channel has been migrating down bedrock dip, and encountering resistant rocks to the
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Pilot Point
Alloformation

Sanger Alleformation

Aubrey Alloformation

Figure 36  Geologic history of the Upper Trinity River Basin. Abandonment of
Hickory Creek floodplain estimated to have been ca. 35-40 Ka. Lowest Denton Creek Terraces
are ca. 20-22 Ka. They are followed by continued incision until Last Glacial Maximum. Aubrey site
is positioned on lag of late Pleistocene channel sands, overlain by thick Holocene alluvium which
began aggrading at the time of Clovis occupations.

east, the alluvial terraces are predominantly on the west side of the valley and are therefore unmatched to
the east. Along Isle du Bois Creek, northeast of the site, softer rocks have accommodated formation of
broad, matched terraces (Figure 3.6).

The highest terrace above the site is one of the Stewart's Creek Terraces (Ferring 1993). This is
highly dissected and is expressed as isolated remnants of alluvium overlying bedrock. The age of these
terraces is not known save that they are at least Middle Wisconsin and probably earlier.

The Hickory Creek Terrace forms a broad bench along the major streams of the whole Upper
Trinity River drainage network. The terrace is about 14 m above the floodplain west of the site (Figures 3.4,
3.5). This terrace was formerly called the Lewisville or "T2" terrace by Slaughter et al (1962) and Crook and
Harris (1958). The alluvium between the terrace surface and the bedrock strath at the base of the alluvium
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On a broad scale, the site is situated just downstream from a major bedrock constriction of the Elm
Fork Valley (Figure 3.5). This constriction was exploited for dam construction. The eastern valley wall
exposes resistant bedrock: limestone and sandstone of the Main Street Fm. and the Woodbine Group
(Table 3.1). The opposite, western edge of the valley has alluvium overlying bedrock, forming a terrace
scarp below the Hickory Creek Terrace, This scarp extends along the western margin of the site area, then
loops back across the valley to the east (Figure 3.5). This projection of alluvium-capped bedrock comprises
a second valley constriction below the one on the dam axis. The arcuate shape of the terrace scarp south
and east of the site was defined by a large late Pleistocene channel of the Elm Fork Trinity that was incising
into bedrock. This meander scarp is matched by one on the opposite side of the valley that has about the
same radius as the one near the site. Other similar meander scarps have been mapped along the Trinity
Valley (Ferring 1983), and they appear to be roughly the same age. In combination with the stratigraphic-
radiometric data from the site described below, it is clear that the large channel that was cutting these
scarps and incising into bedrock were part of a late Wisconsin stream system that was radically different
from modern streams. Those old stream patterns will be discussed below. The geomorphic consequence
of the stream to the site was that a scarp below the Denton Creek Terrace overlooked the channel that was
apparently the last channel to incise bedrock. This channel eventually became the spring pond at the site.

Today, the entire Aubrey site is buried by thick floodplain clays that dominate the sediments along
the Trinity River floodplain. These deposits conceal the buried geomorphic features that existed at the time
the site was occupied. The floodplain here, as over most of the valley, is almost devoid of depositional
geomorphic features (such as natural levees, cut-off channels, oxbows, etc.). With an almost constant
elevation of 560-562 feet MSL, the floodplain here was an aggradational surface until the dam was
constructed. Periodic floods covered the floodplain and deposited fresh black clay.

Buried Geomorphic Units

Exposures in the outlet channel and borehole data were used to define and map the geomorphic
features buried below the floodplain. Borehole data from the USCE were used in 1986 to construct a cross-
section on the dam axis (Figure 3.7). This showed a major lithologic change from the basal gravel/sand to
the overlying clay in the thick (ca 14 m) sediments below the floodplain, and a quite horizontal bedrock
strath below that. The major lithologic change was seen in borehole data downstream as well: this contact
was speculated to be approximately the age of the Pleistocene-Holocene boundary (Ferring 1986a), and
therefore of potential use in locating Paleoindian sites. Another set of borehole logs was available for the
outlet channel south of the dam (Figures 3.8, 3.9). These also showed the lithologic change, as well as a
quite level bedrock strath that extended across the valley from its western edge to near the modern
channel. None of these borehole logs clearly revealed the buried and filled channels that are inset into the
gravel-sand depaosits.

The gravel-sand deposits of the Aubrey Alloformation (Unit A) vary in thickness, especially
becoming thicker south of the excavation areas (Figures 3.8, 3.9). Exposures in the outlet channel,
borehole data and resistivity profiling reveal two old channels in the site area. The first is the one that
parallels the scarp of the Denton Creek Terrace (Figure 3.10a). This filled channel is bound by bedrock on
its outer edge, and by Unit A alluvium on its inner (bar) edge. The channel extends south from the site area,
following the terrace scarp, and then in exposed again in the outlet channel about 800 m east of the site,
where it is set against resistant limestones of the Main Street Fm. This channel is about 95 m wide, which is
approximately 7-9 times the size of modern channels. In the site area, this channel was cut off, and became
the spring pool for the spring located at the western edge of the locality.
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Figure 3.7 Borehole Cross-section at the Ray Roberts Dam. Note assymetry of

terraces resulting from dip-plane migration of channel. The stratigraphic position of the

Aubrey site is at the top of the Aubrey Alloformation, at its contact with the overlying floodplain
deposits of the Sanger and Pilot Point alioformations. See Figure 3.8 for locations of boreholes
on dam axis. Figure modified from Ferring (1986).

The second channel is exposed about 100 m east of the older one described above. It is about the
same width, and extends south from the site area, bending back around to the east, where it reemerges into
the outlet channel cut (3.10a). This channel appears to have been the active stream channel before and
during Clovis occupations, as the old channel was a pond during that interval (Figure 3.10b-c). Between the
two rivers was a higher remnant of Unit A sediments. This separated the river from the pond and,
fortunately, provided a surface for Clovis peoples to occupy. Despite its elevation above the pond and
paleoriver, the "Unit A surface" was a good setting for the burial and preservation of Clovis artifacts and

faunas.

The spring was located at the northern end of the pond, on the western edge of the paleovalley
adjacent to the bedrock scarp that had been cut previously by the river. As described later, this was a
groundwater spring before Clovis occupations, and, during Clovis occupations was a seep spring. By Clovis
time, however, the spring area had been covered by a fan of colluvium that prograded from the terrace
scarp above the western edge of the pond. This colluvial fan would have made the descent to the pond
from the west somewhat easier, although that slope would have provided Clovis hunters an ideal vantage
point form which to stalk and ambush any animals feeding or watering in the pond. Standing at the terrace
edge, one would have looked down about 8m to the pond axis, which was only 50 m away (Figure 3.11).
Thus the terrace scarp was an extremely important geomorphic feature of the Clovis landscape at Aubrey.

No less important was the pond (or spring pool) itself. This was about 80-90m wide when water
was high. By Clovis time, however, the pond was seasonally dry. The pond extended for about 400 m south
and east of the site area, bound on its western-southern margin by the terrace scarp.
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Figure 3.8 Map of site area with USACE borehole locations. Note borehole cross sections for dam axis (Figure 3.7) and along outlet
channel (Figure 3.9). By
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Figure 3.9 USACE borehole logs from outlet channel. See Figure 3.8 for locations of boreholes. Note sand and gravel of Unit A at base
of deposits. Clovis materials occur at top of Unit A, except at westernmost portion of section, where the stratigraphy is more complex, including
deposits associated with a spring and a large pond. Very flat floodplain surface is typical for the Upper Trinity River.
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Figure 3.10  Geomorphic history of the Aubrey site area. a - Late Pleistocene oversized
channel of a bedload meandering stream incised the valley and eroded the meander scarps in bedrock
valley walls. Channels were 6-8 times larger than the modern suspended load meandering channel;
maximum incision attained ca. 19-18 Ka. b - channel shifts east, possibly by chute cut-off, creating the
large oxbow pond, which is fed by a groundwater spring emanating from fractures in Cretaceous bedrock at
the boundary between the floodplain and the Denton Creek Terrace; pond sediments begin to accumulate
by ca. 14.2 Ka, and until ca. 12.3 Ka with mere traces of alluvium; a change to a smaller seep spring is
followed by deflation of the pond deposits and drastic reductions in mollusc population diversity, all pointing
towards increasing aridity. ¢ - Clovis occupations of the locality, ca. 11.5 Ka deposit artifacts and faunas
along the banks of the pond and the river; alluviation commences during or immediately after occupations.
d - River channel apparently avulses to valley axis, and alluviation continues throughout Holocene, burying
Clovis materials 7.5-9.0 m below the floodplain.



Figure 3.11  Photos of south slope of outiet channel, western part of Aubrey Site. a - to south,
with Trench 1 shortly after excavation (see Figures 2.6, 9.1). Spoil piled on west side; intact sediments on
left (east) - Stratum B (dark) at base, overlain by Stratum C (white). b - to west; figures are next to Trench
2A, in pond axis, Trench 1 in background. Note shrubby willows and cattails precisely delineate Cretaceous
shale and clay, with larger willow clumps along outcrops of gravel on bedrock at base of Pleistocene

terrace alluvium. Vertical tree/shrub line follows terrace scarp and contact with inset Pleistocene and
Holocene alluvium below floodplain.
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Stratigraphy

The sediments under the floodplain at Aubrey have been divided into eight local stratigraphic units.
These local units are all parts of three formal allostratigraphic units, which pertain to the Upper Trinity River
alluvium (Ferring 1993). All of the sediments of immediate concern are inset against the late Pleistocene
scarp that exposed Cretaceous bedrock as well as the overlying terrace alluvium (Figures 3.11, 3.12).

Formal Stratigraphic Units

The Aubrey Alloformation is defined as ca. 6-9 m of sand and gravel with occasional beds of finer
alluvium, marl or lacustrine sediment. Trench 14 at Aubrey, located between blocks B and F, exposed 4 m
of Aubrey Alloformation deposits (Figure 3.13). The type section is at the Aubrey Clovis Site. The lower
boundary of this unit is the deepest bedrock surface below the floodplain. The upper boundary is the
erosional contact with the overlying Sanger Alloformation, a marked textural change to finer overlying
alluvium, and a weakly to moderately developed soil. The lateral boundaries to the Aubrey Alloformation
are bedrock valley walls or in some cases modern channels. Aubrey Alloformation sediments are clearly
discernable in borehole sections at Ray Roberts Dam, Lewisville Dam, on the West Fork Trinity between
Dallas and Fort Worth, and below the Trinity River floodplain south of Dallas (Willimon 1972),

The maximum valley incision is bracketed by the youngest radiocarbon ages from Carroliton
sediments of ca. 22-20 ka (Willimon 1972) and the oldest age from the Aubrey Alloformation at the Aubrey
Site of ca. 14.2 ka. The end of Aubrey Alloformation deposition is radiocarbon dated to ca. 11.5 ka at the
Aubrey Site. At Aubrey, this includes Strata A, B, C and D.

EAST

Figure 3.12  Geologic cross-section of the Aubrey locality.
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Figure 3.13  Geologic profile of Trench 14, Area B. Arrow marks paleosurface of Clovis

occupations, and the contact between the Aubrey and Sanger Alloformations (Stratigraphic Units A2 and G,
respectively.

The Sanger Alloformation is heterogeneous alluvium buried below the floodplains of the Elm Fork

of the Trinity River and the West Fork of the Trinity River, and below the floodplain of Denton Creek, a
tributary to the West Fork of the Trinity River. The type section of the Sanger Alloformation is at the Aubrey
Site. The lower boundary of the Sanger Alloformation is the contact with the Aubrey Alloformation; the
contact may be gradational over buried soils, or erosional at the bases of channels that are incised deeper
into underlying Aubrey sediments. The upper boundary is the contact of a sail in the Sanger sediments with
the overlying Pilot Point alluvium. The thickness of the Sanger Alloformation sediments is 3-4 meters;
frequently the base is not exposed in cutbanks, the only natural exposures.

At the Aubrey Site, a moderately developed soil occurs at the top of the unit. The soil usually has a
thick Bk horizon, with medium to large carbonate concretions. Also at Aubrey, Sanger Alloformation
sediments are dominated by calcareous clays and silts. Bedded and laminated channel fill as well as
bedded clay and marl occur as channel fills overlain by massive clay and silt at the Aubrey Site.
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Figure 3.14  Geologic profile of Trench 25, Area B. See Figure 2.6 for location of
profile. This section is at the south edge of Block B, a Clovis camp situated on the east shore of the
Late Pleistocene pond.

The Sanger Alloformation is well dated to the early Holocene by 14 radiocarbon ages. These range
from ca. 11.5 ka at the Aubrey Site, through ca. 7.5 ka at Aubrey and to ca. 6.0 ka at other localities along
the West Fork of the Trinity River and along Denton and Catlett Creeks. The terminal ages are from soil
organic matter and exhibit some temporal range because the middle Holocene soil continued forming until
ca. 4.5 ka. At Aubrey, this unit Includes Strata E, F and G.

The Pilot Point Alloformation occurs below the floodplains of the higher order streams in the
upper Trinity River drainage basin. The lower boundary of the unit is defined by geomorphic setting, and is
either a) the contact with the underlying Sanger Alloformation where flood basin facies are superposed, or
b) truncated Carrollton alluvium, or ¢) an erosional contact with Sanger/Aubrey or older alluvium along
present meander belts. Away from present meander belts, as at the Aubrey Site, the upper boundary of the
Pilot Point alluvium is the floodplain surface, where a thick cumulic soil has formed in Pilot Point sediments.
Along present meander belts, the upper boundary of the Pilot Point sediments is the contact with overlying
recent alluvium. In the latter situations, a thin cumulic or pachic soil, the "West Fork soil" frequently has
formed in the upper part of Pilot Point alluvium (Ferring 1986b; 1980c).

Renewed valley alluviation took place in late Holocene time, resulting in the gradual aggradation of
the Pilot Point alluvium. The cumulic "West Fork soil" formed on floodplains between ca. 4.5 ka and
present. A facies of the "West Fork soil" formed along meander belts as the rate of lateral migration of
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channels slowed ca. 1.8-1.4 ka. This facies of the soil is present along modern meander belts, and is often
buried by recent alluvium. At Aubrey, this unit is represented by Stratum H.

Aubrey Site Stratigraphic Units

The sections at the site that were used to formulate the stratigraphic units at Aubrey are described
below. Particular reference is made to the archaeological significance of the stratigraphy.

The oldest sediments at the site are Unit A gravel and sand (Figures 3.12, 3.13). The total
thickness and general character of Unit A were initially revealed by USACE boreholes (Figure 3.9). The
upper part of this unit was exposed in Trench 14 and Trench 25 (Figures 3.13, 3.14) and a partly colluvial
facies of the unit was exposed in Trench 3 (Figure 3.15). The profile descriptions for these sections are in
Appendix A. These deposits are heterogeneous, but in general the upper part (Unit A2) has much less
gravel than the lower part (Unit A1). These deposits are attributed to channel facies of the large stream that
incised into bedrock. Sandy and gravelly sediments denote the bedload stream, and these contrast sharply
with the overlying lacustrine (eg., Units B and C) or distal floodbasin facies (Unit G).
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Figure 3.15  Geologic profile of Trench 3, Area B. Trench is located in western part of
pond, near Camp B (see Figure 2.6). This profile reveals the contacts between the Late Pleistocene
channel sand and gravel (Stratum A; Aubrey Alloformation), the overlying lacustrine clay and marl (Units
C,E) and Holocene alluvium (Unit G). Clovis paleosurface is at C/E contact.
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Figure 3.16 Geologic cross-section of Area A, with profile locations.

A soil formed in the upper part of A2 (probably before and during, but definitely after Clovis
occupations), as revealed by the ubiquitous carbonate concretions adhering to artifacts. These loamy
sediments would probably have supported good ground cover, although the area of Camp B on the eastern
pond margin would have been isolated from the spring waters delivered to the western pond margin.

Unit B is the oldest part of the pond fill sequence, located in the western part of the locality (Figure
3.12). The contact between Units A and B is exposed only along the eastern pond margin, near Camp B.
There, the contact is gradual, has been heavily bioturbated and appears to reflect mixing of colluvial sand
delivered off the eastern pond shore (which would later become the Clovis camp surface) with clay and
marl of Units B and C (see Figure 3.15). In addition to borehole data, Unit B sediments were exposed in
several trenches in the western part of the site, where they include spring and lacustrine facies (Figures
3.16-3.18). It was in this part of the site that key samples for dating and palecenvironmental reconstruction
were collected. One of the regionally significant aspects of the Aubrey geologic record are the organic-rich
terminal Pleistocene sediments that predate the Clovis occupations. Sediments of this age are notoriously
rare at sites in the western U.S. (Haynes 1984).

Spring facies of Unit B were exposed only in Trench 1, the westernmost exposure at the locality
(Figures 3.16- 3.18). Descriptions of Trench 1 sediments are in Appendix A. In the vicinity of the spring, a
complex suite of peats, marls and tufas are interstratified. These include sediments that are both rare and
ideal for paleoecological studies: calcareous peats. These sediments contain the pollen, insects and plant
macrofossils common to acidic peat, but also preserve molluscs. The lowest sediments exposed in Trench
1 are peat and marly peat (Units B2x, B2a). These are overlain by marls and peaty marls (B2b, B2c3-5).
Within Unit B2, however, are tufa-filled spring conduits and feeders (Units B2c1 and B2c2). The largest
feeder exposed (Unit B2c1) appears to have nourished a peat mound that is associated with a thin bed of
compressed peat that can be traced out into the pond axis (Unit B2d). This is called the "marker peat”



42

which appears to register a major period of groundwater spring activity dated to ca. 13,300 yr ago (see
discussion below).

Pond or lacustrine facies of Unit B include peaty silts, tuffaceous silts and thinly bedded tufas
(Figures 3.19, 3.20; see description for Trench 2A in Appendix A). Significantly, littie or no alluvium is
present in the pond facies, indicating that the pond was not influenced by overbank flooding during this
interval. -
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Figure 317 Geologic profile of Trench 1, Area A.

Subsequent to deposition of the "marker peat”, spring activity waned, and a seep spring replaced
the groundwater spring. Near Trench 1, indicated by the absence of any feeders and also the finely bedded
to laminated tufa and peat deposits that characterize the upper part of the Unit B sediments. The seep
spring contributed to deposition of laminated marls and thin peaty marls above the "marker peat" in Stratum
C, which conformably overlies Unit B. In the pond axis, Unit C is comprised of white tufas and gray humic
tufas (Figures 3.18, 3.19). These exhibit an upwards decline in snail densities (and changes in molluscan
diversity as well [see Neck, this volume]). The upper surface of Unit C is a deflational disconformity in the
pond axis. Deflation is the only mechanism that seems to reasonably explain the disconformity, since there
is no sand or gravel at the disconformity that would accompany erosion.

The upper part of Unit C2 has many iron-stained rootlet traces, recording plant growth on that
surface. It is not known whether the plants were aquatic or terrestrial, but they could have been either or
both, given the molluscan record of water levels in the pond at that ime (Chapter 7).

Vertical crayfish burrows and their bulbous basal "nests" are ubiquitous in Unit C sediments and in
all sediments above Unit C. Color differences suggest different generations of burrows, and discovery of
exoskeletons attest to modern burrows as deep as 8 m below the floodplain. These not only disturbed the
archaeological deposits, but slowed excavations considerably, since all burrows were mapped and
excavated separately to avoid mixture of materials. In the area of the "red wedge", upper C sediments are
overlain by the colluvial sand and gravel deposits of Unit D.
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Both trenches are in the pond axis, east of the spring and the presently buried terrace scarp. Note radical change from

siliciclastic to carbonate sedimentation between Strata B and C; also note “marker peat™ (unit B2d) in both profiles.
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Figure 3.21 Photograph of the south wall of Trench 2, Compare to Figure 3.20a.
Arrow marks position of Clovis paleosurface at contact of deflated surface of Stratum C2
with the superjacent black clay of Stratum E1. Note lower part of section is covered by

wall collapse and water. See later chapters by Hall, Elias, Neck, Yates and Lundelius and
Humphrey and Ferring for respective analyses of pollen, insects, molluscs, vertebrates and
stable isotopes from this key profile. This section is in the axis of the pond that existed here
from ca. 14.5 ka to ca. 10.5 ka.

Unit D (the "Red Wedge") is a colluvial deposit that prograded over the western edge of the pond before,
and probably during Clovis occupations. It is well exposed in the outlet channel cutbank (Figure 3.11a), as
well as in several trenches in Area A (Figures 3.16-3.18). These colluvial fan deposits did not extend to the
pond axis; in the central and eastern part of the pond, therefore, there is a disconformity between Units C2
and E1, upon which were found Clovis artifacts and Clovis age faunas.

Unit E includes lacustrine and alluvial facies in the pond axis in Area A (Figures 3.20, 3.21). lt also
has colluvial facies that were deposited on top of the Red Wedge, as shown in Trench 13 (Figure 3.19). In
the pond axis, Units E1 and E2 are tuffaceous clays and humic tufas. These indicate continued spring
activity, but, they also register the first overbank flooding accompanied by deposition of alluvial clays. This
change is recorded clearly in the carbon isotope record from sediments in the pond axis (see Chapter 4).
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Unit F is the fill of the Clovis-age channel located about 100 m east of the pond (Figure 3.12). Only
the upper part of this unit is exposed. Borehole C penetrated the channel fill to a depth of ca. 82 m (local
datum). The lowest deposits in the borehole are laminated clays with many snail shells, suggesting an
oxbow environment during the period following avulsion or a large meander cut-off. A radiocarbon age of
10,360 + 360 bp [Beta-32002] was attained on a sediment sample from the uppermost part of the channel
fill, but the age of the lower laminated deposits is not known.
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Figure 3.22 Stratigraphic columns with radiocarbon ages from Aubrey.
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Figure 3.23  Ternary textural diagrams for alluvium at the Aubrey locality. Note
uniformly coarse textures for Carroliton Alluvium in Denton Creek Terrace above Aubrey site, and similar
facies for the Aubrey Alloformation at base of floodplain section (Unit A; see Figures 3.6, 3.12). These
deposits register the bedload meandering to braided streams associated with late Pleistocene valley
incision (ending ca. 19-17 ka). After Clovis occupations, rapid alluviation began, with fine-grained floodbasin
facies predominant (Units G and H).

Unit G includes alluvium that buried all Clovis-age materials at the locality (Figure 3.12). At the
western valley margin, the alluvium is interbedded with colluvial gravel lenses (Figure 3.16). In the area of
Camp B (Trench 25) Unit G fines upward from loams to clays, in a distal floodplain setting without the
colluvial input (Figures 3.22, 3.23). A moderately developed soil formed in the upper part of Unit G
sediments during the Middle Holocene, in response to slowed sedimentation rates and drier climates
(Ferring 1995; Figure 3.24).

Unit H includes the black clays that mantle the floodplain and overlie Unit G alluvium (Figures 3.12,
3.13). These reflect the distal floodplain setting of the site during the Late Holocene. Because of this
geomorphic setting, and the rapid rate of sedimentation (Table 3.2), Unit G sediments are essentially a
cumulic soil.

Geochronology

Twenty three radiocarbon ages were obtained on samples from the Aubrey Site, providing an
excellent geochronology of the deposits as well as precise dating of the Clovis occupations (Table 3.2,
Figure 3.23). No datable materials could be recovered from Unit A sediments, but these are bracketed by
ages of ca. 22-21,000 bp at localities near Dallas (Willimon 1971) and by the oldest ages from Aubrey of
ca. 14,200 bp.

The radiocarbon ages document the following sequence of events at the Aubrey Site. The first
paleochannel of the Trinity was incising bedrock during the late Pleistocene, culminating with the maximum
incision approximately 18-19,000 bp. This coincides with the last glacial maximum, but since none of the
rivers in this region carried glacial meltwaters, the incision history must be explained with reference to
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Figure 3.24 Age-depth relationships in Trench 25, Aubrey site. Note rapid early Holocene
rates of sedimentation, associated with burial of Clovis horizon. Slower deposition characterises
middle Holocene, accompanied by floodplain soil formation. Rapid alluviation follows in late
Holocene.

climatic and/or eustatic mechanisms (Ferring 1993). By no later than ca. 14,200 bp, a meander loop on
the western floodplain edge was cut off forming an oxbow pond. This began filling with spring and lacustrine
sediments (Units B and C) until some time shortly after ca. ca. 12,300 bp. This is the youngest age in Unit
C2, immediately below the Clovis surface, but is considered a maximum age for cessation of Unit C2
deposition, since that unit had been deflated prior to Clovis occupations.

After C2 sediments accumulated in the pond, they were deflated, and the Unit D “red wedge”
sediments prograded over the spring area on to the western shore of the pond. The presence of Clovis
materials, including artifacts, faunal remains and the “well” described later, in the uppermost part of the
“red wedge” deposits suggests that the unit may have been aggrading slowly or episodically at the time of
Clovis occupations; but the slope of these deposits suggests caution in this interpretation. The abrupt distal
edge of the red wedge and the continuous distribution of artifacts and faunal remains on the red wedge and
the adjacent deflationary surface (on Unit C2 sediments) in the pond axis, indicate that red wedge
deposition and deflation of C2 and Clovis occupations all occurred in a short period. Significantly, however,
the deflation of the pond marls occurred prior to Clovis occupations.
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TRENCH STRAT ELEV LAB No, Mat.' 3%C Age Calib sed '“C calib 14C calib a A
(m) bp Age* thick. age age sed.rate®sed.rate years sed rate
25
H 95.05 SMU-2404 H -16.6 1730 + 50 1676 1676
30 350 332 0.088 0.090 0.005
H 9435 SMU-2403 H -16.8 2080 + 70 2008 2008
20 1180 1462 0.017 0.014 -0.003
H 9355 SMU-2402 H -16.4 3260+ 70 3470 3470
50 770 1000 0.065 0.050 -0.015
H 93.05 SMU-2401 H -16.3 4030 + 60 4470 4470
75 2710 3080 0.028 0.024 -0.003
G 9230 SMU-2338 H -18.1 6740 + 320 7550 7550
75 720 660 0.104 0.114 0.009
G 91.55 SMU-2400 H <185 7460+ 70 8210 8210
126 2110 2540 0.059 0.049 -0.010
G 90,30 SMU-2399 H -18.9 9570+ 130 10750 10750
65 6510 725 0.127 0.090 -0.038
G 8965 SMU-2398 H -186 10080+80 11475 11475
60 B840 1175 0.094 0.051 -0.043
G 89.05 SMU-2338 H -17.0 10720 + 90 12650 12650
2A
G/A AA-B27T1 C 11540 + 110 13460 13460
average 11565 13480 23 845 B840 0.027 0.027 1925 0.000
GIA AA-527T4 C 11590 +90 13520 13520
13
E3 8845 SMU-2406 H -169 10390+80 12280 12290
125 1940 2120 0.064 0.058 -0.005
Cc2 B7.20 SMU-2478 H -24.2 12330+ 170 14410 14410
2A
E1 B7.80 SMU-2194 H -183 10940+80 12860 12860
105 2320 2970 0.045 0.035 -0.010
B2d 8675 SMU-2305 P -29.0 13260+105 15830 15830
125 940 1200 0.133 0.104 -0.029
B1b 8550 SMU-2236 P -280 14200+ 220 17030 17030
1
B2d 8795 SMU-2202 P  -234 13340+410 15940 15940
B2d 87.95 SMU-2185 H? -279 13710+80 16440 16440
B2d 8795 SMU-2199 H® -276 13810+880 16560 16560
B2b 87.75 SMU-2303 P  -283 13575+100 16260 16260
B2a 87.20 SMU-2302 H -283 13665+170 16380 16380
B1 87.35 SMU-2304 P  -28.0 13570+400 16260 16260
1 H-humates C-charcoal P-peat 3 second humate extraction; very low carbon yield

2 first humate extraction 4 all ages comected to §13C




S0

The stratigraphy and radiocarbon ages of sediments from the pond-red wedge ( Area A ) bracket
the Clovis occupations between ca. 12,330 bp and 10,940 bp, based on dates from Units C2 and E1,
respectively (Table 3.2). The reliability of these bracketing ages is substantiated by the numerous
superposed dated samples both below and above the Clovis occupation surface, significantly reducing or
eliminating concerns that the estimated age of the occupations could be in error, either on the young or the
old side. Aubrey appears to have more bounding radiocarbon ages in good stratigraphic order than any
other Clovis locality. Even more precise dating is realized when the radiocarbon ages from Camp Area B
are assessed.

Two ages were determined on charcoal samples from the Clovis occupation surface in Camp B.
These are 11,540 + 110 [AA-5271] and 11,590 + 90 [AA-5274], with an average of 11,565 bp. There are
no dated materials below the Camp B surface (in the eroded Unit A deposits, dated to greater than ca. 14
ka), but there are nine samples in the overlying alluvium, that yielded a consistent sequence of ages
beginning at 10,970 bp and continuing up to the youngest age of 1,730 bp (Table 3.2, Figure 3.22). These
cover the entire Holocene and provide an excellent chronology of floodplain aggradation and soil
development for the Upper Elm Fork Trinity River basin (Ferring 1993).

The estimated age for the occupations at Aubrey of 11,565 bp makes Aubrey the oldest Clovis site
known thus far from anywhere in North America (see Taylor, Haynes and Stuiver 1996, Fiedel 1999 and
Holliday 2000) for discussions of Clovis geochronology). In assessing the reliability of these ages, we
should consider them relative to their stratigraphic positions, in terms of their precision (including inter-lab
variability), and also with regard to consistency among the materials that were dated.

An additional factor is the degree to which the samples were recently exposed to the atmosphere
via excavation of the outlet channel. As determined by Haas, Holliday and Stuckenrath (1986), organic
matter in buried soils that are exposed in artificial trenches will begin to deteriorate quickly after exposure.
Because the different components of the soil organic matter deteriorate differentially, increased organic
loss correlates with decreased apparent radiocarbon age. This effect can be realized within a few years of
the initial exposure. The outlet channel at Aubrey had been excavated four years prior to discovery of the
site, so organic deterioration could have been a problem if samples had been collected very close to the
outlet channel walls. Virtually all samples for dating were collected from profiles at least 50 cm from an
exposed surface. Those from Trench 2 were all over a 1.5 meters from a surface. In Trench 25, the
surface closest to the sample locations is the floodplain.

The whole set of radiocarbon ages from Aubrey corresponds extremely well with their stratigraphic
positions. Above Stratum B2d in fact, their are no inversions or out-of-sequence ages whatsoever. The
minor inversions in the peat deposits in Unit B2d all derive from samples taken in the spring area (Trench 1)
rather than the pond axis (Trench 2A). These inversions are probably results of some mobility of humates
within these deposits. The key ages from the pond area are those that immediately bracket the Clovis
surface (the disconformity between Strata C2 and E1). Those samples yielded ages that are fully
complimentary to the 11,565 bp age estimate. In sum, there is overall excellent correspondence between
the defined lithostratigraphy and the radiocarbon chronology at Aubrey.

A feature of this locality that is obvious but should be mentioned to allay any possible concerns, is
that the Clovis horizon here is situated well above bedrock, such that “contamination” of samples by
Cretaceous organic matter is unlikely (Figure 3.12, 3.22). Careful sample inspection and preparation, and
consideration of isotope data failed to reveal evidence of any contamination (see Nordt et al 1994 for
excellent discussion of these issues). These comments also pertain to Hall's (this volume) speculation that
Cretaceous organic matter may have contaminated the radiocarbon samples and also the samples studied
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for stable isotopes by Humphrey and Ferring (1994 and this volume). Such contamination of carbon
isotopic compositions is virtually obviated by the fractionation mechanisms involved, as verified by the
correlation between carbon isotope compositions of paired organic and carbonate samples. Possible
bedrock signatures with respect to oxygen isotopes were carefully studied at Aubrey, and were defined at
low levels close to the spring that declined with distance from the spring across the pond. Indeed, the
sample preparations, humate extractions, plant macrofossil confirmation, and isotopic studies make it very
clear that contamination at Aubrey is not an issue in dating the site. At a Paleoindian symposium at the 1996
SAA meeting, Dr. Anna Roosevelt suggested that the dates from Aubrey (among other Clovis sites) were
unreliable because Aubrey is located upstream from the Lewisville site, where lignite was probably included
in the samples dated in the 1950's , yielding ages > 37,000 bp (Crook and Harris 1957, 1958; Stanford
1983). This naive understanding of the data from Aubrey and other Clovis sites renders those concerns
unjustified, for the same reasons cited for Hall's concern about isotopic “contamination”.

The last issue is that of the precision of the radiocarbon ages at Aubrey. The two ages from the
Clovis surface in Camp B overlap at one sigma, which is good. Those ages do not overlap at two sigma with
any of the bounding ages above or below the Clovis paleosurface in the camp or in the pond section.
Further, the humate ages above the Clovis surface could be considered minimal ages because of
possible/probable downwards translocation of humates as part of pedogenesis.

In brief, the estimated age of 11,565 bp for the Clovis occupations at the Aubrey site is
substantiated by the number of consistent radiocarbon ages from strata above and below the Clovis
surface. All but three of the ages were provided by Dr. Herb Haas, then of the SMU Radiocarbon
Laboratory. The AMS ages from the camp were run at the Arizona Accelerator dating lab, and one sample
from the upper fill of the Clovis paleochannel was run by Beta Analytic, Inc. [Beta-32002]. Each of these
three ages fit well into the radiocarbon chronology established by Dr. Haas's outstanding work.

Paleoenvironments

Full discussion of paleoenvironments, integrating the evidence presented in the following chapters
by the several contributors, will be presented in Chapter 10. Here the discussions are limited to geologic
evidence for past environments at the Aubrey locality. The geologic history of Aubrey is summarized in
Table 3.3. Sediments and their geomorphic relationships are an important part of the overall environmental
record at Aubrey. They not only contain fossil evidence of plants and animals at the locality, but also allow
independent assessment of surficial processes such as spring activity, flood patterns and episodes of
landscape stability and weathering.

Paleolandscape: Site Occupation Context

The significant aspects of the Clovis age landscape at Aubrey can be seen in Figures 3.10 and
3.12. The terrace overlooking the floodplain provided an excellent position from which hunters (or even
scavengers) could purvey the Trinity River floodplain. This terrace should have been a logical place for a
camp. At other localities, notably the Clovis Site (Hester 1972) and Murray Springs (Haynes 1981), Clovis
camps were established on higher ground above the pond or arroyo where large game butchering took
place. Camp materials could well have been deposited on the terrace at Aubrey as well. If so, they may
remain buried (by Holocene alluvium) or disturbed by construction and/or earlier gravel quarrying near the
site.
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At Aubrey, however, the Unit A surface, between the pond and the Clovis paleochannel to the
east, provided an alternative camp location which the Clovis occupants used at least once. The
geomorphic position of that surface favored accumulation and preservation of the archaeological materials
in Camps B and F. In settings such as Murray Springs, the record of camp-related activities has, because of
shallow burial, suffered more from weathering and possibly physical disturbance as well. The camp
occupation records at Aubrey were certainly afected by weathering and some physical disturbance.
However, the intensity of those processes was significanty arrested by rapid burial below the aggrading
early Holocene flood plain. Deep burial in calcareous sediments continued to buffer adverse geochemical
or physical effects until the site was exposed by outlet channel construction.

One somewhat subtle aspect of the geomorphological-archaeclogical record at Aubrey is the
sheer size of the "site”. This dimension is sometimes not obvious, the tiny scale printed on each diagram.
As will be described later, there is a distinct and unfalsifiable chance that the Clovis activities at Aubrey were
part of one occupation episode- and perhaps a brief one at that. If, for the sake of argument, that was
indeed the case, then we have here a record of a group utilizing several microhabitats over an area that has
one linear dimension of about 320 m. This is the distance along the outlet channel from the spring to the
artifact cluster in Area G. We have no grasp of the site's second dimension. Whether Aubrey represents
one occupation episode or several is quite irrelevant to the point that this is a huge site in a complex
geologic context. When deep burial is added to the picture it becomes clear that other "Aubreys" are going
to be difficult to find and study. It should also remind us that our understanding of Aubrey, for the time
being, will be practically "unidimensional” with respect to the Clovis landscape at Aubrey they potentially
utilized.

Geoarchaeology: Site Formation Context

With respect to site formation processes and geoarchaeological approaches to them, several
points are clear. First, the Clovis landscape was quite "friendly” with respect to site constructional processes
(cf. Ferring and Peter 1982). Activities were conducted on relatively level surfaces, diminishing post-
occupational erosion potentials. The western shore of the pond in Area A had a steeper slope than did the
surfaces in Areas B or F. Movement of bones down into the oond axis is evident there, and bone
preservation is clearly better in the pond sediments than on the adjacent slope.

Second, this site was buried very rapidly. Given the state of bone preservation, especially in the
"high" portions of Area B and Area F, rapid burial is readily apparent. This fact is further supported by the
radiocarbon ages from the sediments overlying Clovis materials. While bone preservation was good in the
lacustrine deposits, it is extremely fortunate that it was even "fair" in the camp areas. In alluvial contexts,
rapid burial of Clovis and other Paleoindian occupation sites is evidently a pattern over much of the
southern mid-continent. Valley incision during the Late Pleistocene is documented over most of the
Southern Plains, the Gulf Coastal Plain west of the Mississippi, and also in drainages of the southwestern
US and the High Plains (Ferring 1990, 1993). In turn, rapid early Holocene aggradation is also registered in
numerous valleys in those regions. The extent of this pattern of Late Pleistocene valley incision and
Holocene aggradation can be inferred from the stratigraphic schemes proposed by Haynes (1968; 1984)
for localities ranging from Hell Gap, Wyoming, to Lindenmeier, Colorado, and even to sites in Arizona such
as Murray Springs and Lehner. Atthose localities he has not only documented the general patterns in
sedimentation and stratigraphy, but has also recorded the “black mats” (thin, highly melanized sedimentary
units thought to include algal organic matter) that now serve as uncannily precise stratigraphic markers.
Even at Aubrey, a thin black clay (Stratum E1; Figures 3.20, 3.21) overlies the Clovis materials on the
deflated paleosurface in the pond sediments.
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Table 3.3 Summary of Geologic History of the Aubrey Clovis Site

1. >15ka (ca. 25Kka?)

2. >15ka ( 257-15ka)

3. ca. 15-13.8ka

4. ca. 13.8-13.3ka

5. ca 13.3-123ka

6. ca. 12.3-11.5ka

7. ca. 11.5-10,950 ka

8. ca. 10,950-10,500 ka

9. ca. 10,900- 7,600 ka

10. ca. 7,600-4,500 ka

11, ca. 4,500 - present

Deposition of coarse alluvium on bedrock bench by large bedload or braided stream. These sediments
(Carroliton alluvium) are now below the Denton Creek terrace surface above the Aubrey locality. A
moderately developed soil has formed at the terrace surface. Molluscs from the lower part of the terrace
fill suggest a braided stream environment.

Incision into bedrock. Unit A sand, gravel left as lag channel/bar deposits. These sediments were stable
or eroding during deposition of pond sediments (Units B,C), and formed the surface that Clovis folk used
for camps near the pond and river channel,

Unit B1 silts, clays and peats deposited in spring pool. This was a period of low spring discharge and
limited if any alluvial deposition.

Unit B2 peats, spring travertines and tufas deposited in spring pool, with no apparent alluvium. This was
a period of increased spring activity, compared to B1. The spring was a groundwater spring, with major
conduits and feeders at the western edge of the pond. Peat deposits, probably related to floating sedge
mats, were present near the spring, and periodically spread over much of the pond. There is no evidence
for fluvial deposition.

Unit C cross-bedded tufas and marls deposited in spring pool by seep spring. Gradual change to silty,
sandy marl at westemn margin of pond as colluvium began to wash in from terrace above pond.

Unit D colluvium prograded over western margin of spring pool, forming the “red wedge". The colluvium
is sand and gravel, derived from the terrace above the westem margin of the pond. This was followed by
stability of the "red wedge" and probable deflation of pond marls in the pond axis. Clovis occupation debris
and vertebrates occur on the surface of the "red wedge" and on the deflated surface of the marls in the
pond axis.

Clovis occupation of locality. Artifacts and faunas occur on the surface of the "red wedge", on the

deflated disconformity in the pond axis, and on the surface of Unit A sands at the eastern margin of the
pond and about 125 m farther east near the Clovis palecchannel of the Elm Fork Trinity River.

Unit E alluvial clay, interstratified with thin marl beds, deposited in pond above Clovis age faunas and
artifacts. This is also period when alluvial fill (Unit F) continued to aggrade in paleochannel at eastern part
of locality. This is the first evidence of fluvial activity since ca. 15 ka.- a major change in environments.

Unit G alluvium (overbank clays-silts) aggrades, continuing burial of Clovis site. This documents an early
Holocene phase of rapid alluvial deposition.

Slow aggradation, with soil formation. The middie Holocene period is characterized by diminished fiooding
and probable diminished precipitation.

Unit H alluvium (distal flood plain clays-silts) aggrades. The late Holocene period is characterized by
increased flood frequency-magnitude, probably the result of increased precipitation.

Third, most of the the sediments at Aubrey are relatively fine-grained and calcareous. This inhibited
erosional displacement of artifacts, and provided an akaline context that enhanced bone and shell
preservation. The textures of the sediments at the Clovis paleosurface are similar in Areas B and A (Red
Wedge). But, because of the proximity and water chemistry of the spring, and/or because of greater
limestone rock fragments in the sand fraction, the sediments in Area A have a carbonate content of 11.7%
compared to 3.9% in Area B.

The occupation surfaces at Aubrey were all affected by pedogenesis during and after occupations.
The principal physical effect was pedoturbation, the effect of which appears to have been mainly in the
vertical positions of artifacts. As discussed in Chapter 9, translocation of artifacts above and below the



54

occupation surface is evident, but the net effect does not appear to be significant. Pedogenesis also
resulted in etching and dissolution of bone, and the cementation of both bone and lithic artifacts by
pedogenic carbonate concretions (see discussions in Chapters 8 and 9).

Figure 3.25 Floor of excavation unit in pond area, showing crayfish burrows. This
surface isin Stratum C1, below the Clovis paleosurface. In all excavations, the
fill of these burrows was excavated separately and discarded. Special care was
exercised to avoid these features during collection of samples for pollen, mollusc,
insect, radiocarbon and other analyses.

The Aubrey site has been extensively burrowed by crayfish (Figure 3.25). Excavation techniques
(and especially sample collection for dating and paleontology) were carefully adjusted to this fact. But a
sizable portion of the Clovis surface was punctured by crayfish on their way to the water table. With this
principal bioturbation agent in mind, it is sfill quite remarkable to consider how intact the Aubrey sites
appears to be. Excellent spatial patterning is evident in each of the three areas investigated. Indeed, the
principal vector of movement at the site is vertical. My late friend Jonathon Davis, on hearing about these
aspects of the Aubrey site over a beer, commented that this sounded like a great opportunity to measure
rates of "artifact diffusion™: a clayey site, one occupation and critters moving sediment up and down. This is
indeed evident here, and it was our challenge to exercise the greatest caution in our field excavation
methods.
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CHAPTER 4
LATE QUATERNARY STABLE ISOTOPES OF THE AUBREY CLOVIS SITE

John D. Humphrey and C. Reid Ferring

Introduction

The Aubrey site contains a rich record of carbonates that precipitated in spring, lacustrine and
pedogenic environments. These carbonates were chosen for study of stable isotopes of carbon and oxygen
in order to develop proxy records of vegetation and temperatures at the locality. Since we had well dated
sediments from the late Pleistocene through recent, in one stratigraphic section, this represented one of the
best opportunities in this region to investigate past environments using stable isotope analysis. Further, this
approach was an ideal addition to the interdisciplinary efforts at the site to reconstruct the setting of Clovis
occupations at Aubrey.

The isotopic analyses were conducted at the University of Texas at Dallas, Program in
Geosciences. Fifty-eight carbonate samples were collected at the site, representing all stratigraphic units as
well as local bedrock, limestone gravel and modern travertines that formed below seep springs. This
chapter describes the results of those analyses, and is a modified version of Humphrey and Ferring (1994).

Methods

Individual carbonate samples were fine-ground and passed through an 80-mesh (180 um) sieve.
Organic matter was removed through reaction with H,0 ,. Carbonate mineralogy was determined by
powder X-ray diffraction analysis on a Scintag XDS-2000 diffractometer; all samples were determined to be
low-Mg calcite (<2 mol% MgCO,). Stable isotope data were collected for CO, gas liberated from
carbonate samples through reaction with 100% phosphoric acid. Samples were reacted off-line in
individual reaction vessels at 90°C until completion of reaction (generally <30 min). Stable isotope
compositions were analyzed on a Finnigan MAT Delta E stable isotope ratio mass spectrometer. All
numbers are reported in standard notation as per mil (%-) difference from the PDB standard, with the
appropriate ion corrections applied (Craig, 1957). Precision from the repeated analyses of in-house
calcium carbonate standards run during sample data collection is 0.03%- for carbon and 0.07%e for
oxygen. Machine precision (internal) is better than 0.015%- for carbon and 0.02%- for oxygen.

Isotopic composition of organic carbon was analyzed at Southern Methodist University. CO,
samples evolved from the NaOH-soluble humate fraction (used for C analysis) were analyzed on a
Finnigan MAT Delta E mass spectrometer.
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Results

Fifty-eight calcium carbonate samples were analyzed for their stable carbon and oxygen isotopic
composition. These were collected from a series of trenches at the site that collectively exposed all the
strata (Figure 4.1; Table 4.1). Ages of the samples were interpolated from the 22 radiocarbon ages on
samples from these sections (Table 4.2). Samples range from primarily lacustrine to primarily pedogenic,
as well as modern groundwater seep tufas and Cretaceous bedrock for comparison. Table 4.3 lists
sample type, stratigraphy, and isotopic composition for the 58 samples. Figure 4.2 shows all data for the
Aubrey site plotted in carbon-oxygen space.
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Figure 4.1 Cross-section of Aubrey site with trench locations

Samples from Trench 1, located at the westernmost edge of the pond, consist of spring and pond-
margin tufas and marls. Oxygen isotopic composition has a mean value of -4.23%- (10=0.47%- ) and is as
enriched as -3.45%- and as depleted as -4.98%- . Carbon varies from -3.36 to -7.25%- , with a mean of -
5.73%- . Focusing only on pond sediments from Stratum C, the samples from Trench 1 are located
nearest the seep spring. These samples average -4.50%¢ (10=0.42%- ) and -6.11%- (10=1.00%- ) for
oxygen and carbon, respectively.

Trench 2A is located on the pond axis and exposes the late Pleistocene lacustrine sequence and
overlying Holocene alluvium. This section contains the most depleted oxygen values, averaging -5.06%-
(10=0.38%¢- ). Carbon shows an overall trend toward lighter values upsection, ranging from -1.23 to -
5.38%- , and averaging -4.00%- . Pond-axis samples of Stratum C average -4.98%- (10=0.21%- ) and -
5.09%- (10-0.26%:- ) for oxygen and carbon, respectively.



different facies. The two lower samples come from lacustrine marls and the third is a pedogenic nodule

Table 4.1 Stratigraphic Summary for the Aubrey Site
Stratum! Time Interval Lithology Depositional
(103 yr B.P.) Environment
H 4.5 - Present Dark silt, clay; cumulative Distal flood plain,
soil with pedogenic CaCO3 Rapid aggradation
7.6 -45 Silt, clay Pedogenesis, very slow
flood plain aggradation
G 10.9 - 7.6 Silt, clay, with Distal flood plain
pedogenic carbonates
E 11- 104 El, E2: clay, marl Alluvial, lacustrine pond fill (E1,E2)
E3: clay, sand Pond margin, terrace slope (E3)
D 12.3 - 11.5 Colluvial sand, Terrace slope
. gravel
c 13.2-123 Laminated marl, thin peat, Lacustrine and spring
humic marl
B 15-13.2 Clay, marl, and peat Lacustrine and spring
A 257-15 Sand and gravel Channel lag, bar (deposited during
incision into Cretaceous bedrock)

' Unit F channel fill crops out east of the sections considered in this chapter.
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Samples from Trench 3, located at the eastern margin of the pond near Trench 25, represent two

from the overlying alluvium. The pedogenic sample is identical in physical appearance to nearby Trench 25
nodules and has very similar isotopic composition. Marl samples from Stratum C average -5.28%-
(10=0.14%- ) in O and -4.15%¢ (10=0.75%c) in *C.

Only one sample (a calcite-cemented gravel from Stratum A1 in late Pleistocene sands at 87.40 m
- local datum) was analyzed from Trench 14, located 55 m east of Trench 25. Cement was carefully
sampled using a microsampling drill and binocular microscope. The cement likely precipitated in the
vadose zone, as indicated by meniscus and pendant cement fabrics. The isotopic composition of this
meteoric phase is very similar to that of pedogenic carbonates occurring within the same interval in Trench
25,
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Table 4.2 Radiocarbon Ages from the Aubrey Site

Stratum Elev. Material Lab No. Age Calibrated 813C
(yr B.P.) Age (%<PDB)
Trench 25
H 95.05 humate? SMU-2404 1730+/-50 1660+/-50 -16.6
H 94.35 humate SMU-2403 2080+/-70 2050+/-70 -16.8
H 93.55 humate SMU-2402 3260+/-70 3470+/-70 -16.4
H 93.05 humate SMU-2401 4030+/-60 4480+/-60 -16.3
G 9230 humate SMU-2339  67404/-320 7580+/-320 -18.1
G 91.55 humate SMU-2400 T460+/-70 8275+/-70 -18.5
G 90.30 humate SMU-2399 95704/-130 ) -189
G 89.65 humate SMU-2398  10,080+/-80 -18.6
G 89.05 humate SMU-2338 10,720+/-90 -17.0
Trench B
G/A 88.73 charcoal AA-5271 11,540+/-110 (AMS)
G/A 88.71 charcoal AA-5274 11,590+/-90 (AMS)
Trench 13
E3 8845 humate SMU-2406 10,390+/-80 -16.9
c2 87.20 humate SMU-2478 12,3304/-170 242
Trench 2A
El 87.80 humate SMU-2194  10,940+/-80 -183
B2d 86.75 peat SMU-2305 13,260+/-105 -29.0
Blb 85.50 peat SMU-2236 14,2004/-220 -28.0
Trench 1 :
Bd 8795 peat SMU-2202  13,340+/-410 234
B 87.95 humate SMU-2195 13,710+/-803 279
87.95 humate SMU-2199 13,810+/-880% 276
B2b 87.75 peat SMU-2303 13,575+/-100 -283
B2a 87.20 humate SMU-2302 13,665+/-170 -283
Bl 87.35 peat SMU-2304 13,570+/-400 -28.0

1Calibrations done with program of Stuiver and Reimer (1986)

2NaOH soluble fraction for SMU humates; all SMU ages corrected for 813C fractionation
3First humate extracted from peat

4Second humate extracted from peat; very low carbon yield

Three pond samples from Trench 15, approximately 4 m from Trench 2A, were analyzed. All three
samples come from the lowest portion of Stratum B1, and are the oldest (ca. 14,600-14,200 yr B.P.)
carbonate samples in the study area. These dark-brown clayey marls represent the initial stages of pond
development from the ground-water-fed spring. The isotopic composition of these samples closely
resembles the composition of the carbonate Cretaceous bedrock, suggesting groundwater control. Oxygen
averages -3.57%- (10=0.43%- ) and carbon averages +0.34%- (10=0.52%: ).
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Figure 4.3 Composite oxygen isotope record from Aubrey




Table 4.3 Aubrey Site Carbon and Oxygen Isotope Data

Elev.! Stratum  Est. Age? 5180 813C Lithology
(m) (rBP) (PDE) (GePDB) Sef ____ Carb
Trench 25
9493 H 1730 <4.05 -3.73 sC ©
94.61 H 1910 -3.81 .77 sC pe
94.43 H 2010 384 -7.93 sC pc
9423 H 270 407 -1.96 sC ©
94.05 H 2590 -4.13 4.67 sC [
93.80 H 3030 -4.08 -1.07 sC [+ 2
93.30 H 2980 424 522 sC P
93.15 H 4280 429 -5.59 sCL [
9274 G 5760 423 -5.21 sCL e
9245 G 6960 -4.17 4,11 sCL e
92.00 G 7860 424 1.76 sC e
91.50 G 8280 433 -8.01 [ =] pe
91.23 G 8510 440 <7.80 C [+ o
90.70 G 9160 439 =7.69 o +4]
90.40 G 9470 4.19 .77 sC e
89.94 G 9860 426 -7.95 sC pc
89.74 G 10,010 “4.04 £.69 sCL P
89.05 G 10,720 -4.24 -7.98 CcL s
88.95 AG 10,800 405 -7.04 CL e
8864 A 4.16 4.82 CL e
87.10 A -3.75 0.97 L e
Trench 3
89.15 E/G <4.19 721 sCL [+
87.85 c <538 -3.62 M TL
87.65 c3 -5,18 -4.68 M TL
Trench 2A
87.85 El 10,950 -4.82 -5.04 M TL
87.70 c2 12,300 491 -3.79 T TL
87.45 Cl 12,500 -5.03 -5.17 T T
87.30 Cl 12,600 525 -4.68 T TL
87.07 Cl 12,700 487 -5.38 T TL
86.90 Cl 12,800 -4.78 -5.05 T TL
86.70 B 13,260 -5.96 472 pT TL
86.45 Bl 13,900 -5.17 -1.87 pT TL
86.10 Bl 14,000 -4.74 -1.23 ps T
Trench 1
89.50 D 11,300 462 -3.36 gl r
89.30 D 11,500 498 4.71 SM >
88,65 c -4.85 -5.69 M TS
88.50 (= 448 £5.05 hM TS
88.35 C -4.00 -7.25 hT TS
88.10 C 420 6.84 ™™ TS
88.17 B2 13,290 425 £.74 T TS
88.07 B 13,320 445 4.62 T TS
87.90 B 13370 -345 -5.58 T TS
87.70 B2 13,420 -3.69 -5.46 T TS
£7.30 ): 2 13,570 388 4.69 pT TS
87.40 B2 13,670 393 -5.53 pT TS
Trench 14
87.40 A 441 -L.71 SGr cem
Trench 15
85.77 Bl 14,200 339 0.26
85.47 Bl 14,400 -327 0.60 : ‘IT'IL.
8527 BI 14,600 4,06 0.67 s T
Trench 57E
88.33 EG 10,850 4.55 317 C
8824 E2 10,870 438 322 M 'l',t
88.13 E2 10,900 444 -3.65 M n
B7.87 B 10,940 458 -3.46 M TL
Terrace Gravel
Main Street Fm. (7) 119 -2.80 ML
Cretaceous Pawpaw Fm. 232 232 NC ML
Modern Seeps
Seep 1 -740 252 T
Seep 2 623 31 =
Seep 3 6524 246 TS

!Elevation measured relative w arbitrary terrace datum of 100 m.

W@Mmmmmmltmwhmzmma

mm~mhmmfuwmﬁ%’MMmem loam; SM- sandy marl;
. ! pT- peaty tfs; ps- peaty silt; cs-calcareous silt; SGr-sandy

b pe- pedogeni ion; TL- lacustrine mfa; TS- spring tfa; cem- cement; ML-marine limestone
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Stable isotopic data for the complete Holocene section comes from Trench 25, which exposes
about 7.5 m of Holocene alluvium. The Pleistocene/Holocene boundary (and Clovis occupation horizon)
lies at 88.7 m elevation in the section. Holocene pedogenic oxygen isotopic compositions are remarkably
constant, averaging -4.16%- (10=0.16%- ). Carbonate "°C varies from about -3.73 to -8.69% in the
Holocene section, and becomes heavier by several per mil in the underlying Pleistocene pedogenic
carbonates.

The upper part of Stratum E, with interstratified alluvial clays and thin lacustrine marls, was
sampled in Trench 57E, located just 2 m from Trench 2A. Samples chosen from 57E consisted of
lacustrine marls of early Holocene age. Isotopic composition of these samples, vertically separated by less
than 1 m, cluster tightly, with oxygen averaging -4.49%- (10-0.09%- ) and carbon averaging -3.37%-
(10=0.22%- ).

Samples of gravel at the base of the Pleistocene terrace above the site include limestone cobbles,
reworked hematite concretion, and some siliciclastic pebbles and cobbles. Limestone samples were taken
for comparison with the Quaternary precipitates. The analyzed sample of marine limestone from the
terrace gravels is likely from the Lower Cretaceous (Albian) Main Street Formation. Bedrock exposed near
the site belongs to the Albian Pawpaw Formation (Kpp), which is composed of shale, silt-stone, and beds of
nodular coquina with a hematite matrix. Powder for isotopic analysis was derived from pelecypod
fragments in one of these coquinas. Both Cretaceous samples have typical marine limestone isotopic
compositions, with slightly positive carbon values and slightly negative oxygen values. These values are
significantly different from the in situ Quaternary samples that are the focus of this study, except for the
aforementioned samples from Trench 15.

Three samples of modern carbonate were taken from a slope below a seep-spring within a
construction trench. The samples have precipitated since the trench was constructed, within the last 5 yr.
These organic-rich tufas are a product of algal precipitation, with the carbonate occurring in association with
dense masses of filamentous blue-green algae. Oxygen composition averages -2.72%- and carbon
averages -6.62%- . Here “C composition of the modern tufas is quite different from that of the Cretaceous
bedrock from which the spring is emerging.

Temporal Variability in Oxygen Isotopes at the Aubrey Site

Due to the excellent age control, a composite section of oxygen data can be constructed and
plotted in time (Figure 4.3). The oldest samples (from Stratum B), although demonstrating significant
scatter, are the most enriched. As noted above, these lacustrine marl samples may have been influenced
by groundwater isotopically enriched in "*O of about 2%-. Unfortunately, there is a break in the data here
because of a deflational disconformity in the sediments of Stratum D. Above this break, however, there is
at least a 0.5%¢ increase in 'O in the interval dated from ca. 11,300 to 10,850 yr B.P. in Stratum E. We
maintain that a meteoric water signal is being recorded by the lacustrine marls because there is no break in
the isotopic composition between Stratum E marls and the superposed Stratum G pedogenic carbonates,
which are directly sampling meteoric precipitation. Other than minor variation in the early Holocene
samples, the entire Holocene record in Strata G and H shows quite constant 'O values, with only a slight
upward trend in the upper part of the section to compositions more enriched in 0.
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The late Pleistocene oxygen isotope record from the Aubrey site clearly registers significant
changes in 'O through time. Although one objective of our analysis was to reconstruct an approximate
paleotemperature record at the locality based on oxygen isotopes, other controls on isotopic variation need
to be considered. The first, and perhaps most important, control is the source and oxygen isotope
composition of late Pleistocene meteoric waters. Although today this region receives moisture from the
Pacific and the Gulf of Mexico, the latter is the closest and by far the most dominant source.

In the late Pleistocene, the oxygen isotope composition of northern Gulf of Mexico waters was
largely controlled by glacial ice volume and the influx of meltwaters via the Mississippi River. Emiliani et al.
(1975) showed that during the last glacial maximum, northern Gulf of Mexico waters had very enriched O
values (Figure 4.4). With the onset of rapid deglaciation ca. 14,000 yr B.P. (Broecker et al., 1989) ,
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meltwater discharge simultaneously decreased the 'O composition and the salinity of Gulf waters. The
rapid decrease in '°O culminated in minimum values ca. 12,000 P.P.; at ca. 11,000 yr B.P. there is a shift
to more depleted compositions (Emiliani et al., 1975). More detailed analyses of oxygen isotopic
compositions of dated foram tests by Broecker ef al. (1989) and Aharon (1992) confirm the overall trends
observed by Emiliani ef al. (1975), but show a 'O minimum at ca. 12,000 yr B.P., higher values between
ca. 11,200 and 10,000 yr B.P., and a rapid shift to lower (near-modern) 'O values ca. 10,000 yr B.P.
Broecker et al. (1989) attribute the higher 'O values between 11,200 and 10,000 yr B.P. to the diversion of
meltwaters from the Mississippi to the St. Lawrence during the Younger Dryas cold episode of the northern
Atlantic and northwestern Europe. The melt-water diversion mechanism as a cause for the Younger Dryas
even has been supported by other workers (e.g., Ruddiman, 1987). However, Fairbanks (1989) argues
against the diversion mechanism and favors a stepped deglaciation model.

Of immediate concern here is the relationship of the Aubrey oxygen isotope record to Gulf of
Mexico waters as the principal meteoric source, and the possible paleoclimatic implications of the late
Quaternary fluctuations in "0 at Aubrey. We note the remarkable correspondence between the oxygen
isotope records from the Aubrey site and that of the northern Gulf of Mexico. While Pacific water sources
cannot be discounted at this time, it appears that late Quaternary meteoric waters in the vicinity of the
Aubrey site were largely influenced by moisture derived from the Guif of Mexico. Although colder surface
water temperatures for the Gulf of Mexico can be estimated by analysis of the isotope data from foram tests
(Emiliani et al., 1975), we think it is premature to derive paleotemperature estimates from the Aubrey data.
Clearly, the late Pleistocene oxygen isotope data from Aubrey cannot be read simplistically as a relative
paleotemperature signal. Rather, these data appear to register the isotopic composition of Gulf of Mexico
waters, which, as emphasized above, was defined by glacial ice volume and meltwater influx patterns.

At first we regarded the excursion to lighter isotopic compositions in the Aubrey record at ca. 12,000
yr B.P. as possible evidence for the Younger Dryas event (Humphrey and Ferring, 1991). At Aubrey,
sediments with low 'O values are dated to ca. 13,000 to 11,300 yr B.P., which corresponds quite well with
several published records for the Younger Dryas (e.g., Overpeck et al., 1989; Patterson et al., 1991)
identified changes in climatic patterns in the Gulf of Mexico and variation in Caribbean upwelling coincident
with Laurentide Ice Sheet meltwater discharge into the Gulf of Mexico. Strongest upwelling occurred from
12,600 to about 10,000 yr B.P. in the Cariaco Basin.

However, comparison of these records to the Greenland ice core data based on annual layer
counting requires calibration of radiocarbon ages, as is now possible for the late Pleistocene (Stuiver and
Reimer, 1993). While a review of these calibrated radiometric ages is not warranted here, it is now clear
that calibration places many of the claims for Younger Dryas phenomena 1000 to 2000 yr earlier than the
ice core. Furthermore, the oldest part of the Aubrey record, dated to ca. 14,000 to 13,000 yr B.P., would
correspond to the late-glacial (ca. 16,500 to 14,500 calendar years ago) record of the Greenland ice cores.
However, the isotopic data from this interval at Aubrey suggest, at face value, conditions that were as warm
or even warmer than today, Such a conclusion contradicts climate model results and insect data from
Aubrey that indicate significantly colder temperatures (see Chapter 5). While we initially suspected that
these older samples from Aubrey carried a groundwater signature (Humphrey and Ferring, 1991), we now
suggest that they dominantly exhibit a meteoric water signature ultimately tied to the Gulf of Mexico water
composition. An et al. (1993) report a somewhat comparable situation in central China. Therefore, the late
Pleistocene oxygen isotope record at Aubrey cannot be read as a straightforward paleotemperature proxy.
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With respect to Younger Dryas problem, calibration of “C ages, as well as evaluation of meteoric water
sources, suggest that the Younger Dryas is not recognizable here, or that its signature is masked by
complex changes in meltwater influx rates to the Gulf of Mexico.

Temporal Variability in Carbon Isotopes at the Aubrey Site

Changes in the isotopic composition of soil organic matter result in changes in soil-gas
composition. Bicarbonate in the meteoric soil water isotopically exchanges with soil CO,
prior to carbonate precipitation. Authigenic in situ pedogenic carbonates in the precipitating water. Thus,
pedogenic carbonates should reflect the changing make up of soil organic matter, given no lithogenic
contamination in the analyzed materials. We suggest that the pedogenic nodules from the Aubrey site
sampled for isotopic analysis contained no or inconsequential amounts of lithogenic carbonate.
Microscopic examination indicates that all pedogenic carbonate fabrics resulted from dissolution-
reprecipitation. Although the Aubrey site alluvium may originally have contained as much as 10% lithogenic
(Cretaceous) carbonate material, no matrix appears to be included in the dense soil-zone nodules. Further
evidence for the limited influence of lithogenic carbonate comes from the difference between organic and
carbonate carbon isotopes.

Table 4.4 Carbon Isotopes from Organic and Carbonate Carbon
Trench Stratum Material . 5“(:(0.-5} 813C(cacomn A (Scacos - 8.,,5)
i CaC03
25 H Org;mc cc -16.6 -3.73 12.87
H h o -16.8 -7.92 8.88
H h o -16.4 -71.06 9.34
H h cc. -16.3 -5.59 10.71
G h cc -18.1 -6.11 11.99
G h cc -18.5 -8.01 10.49
G h (o -18.9 -1.77 12.03
G h c -18.6 -8.69 9.91
G h © -17.0 -7.98 9.02
2A E h twm -18.3 -5.05 13.25
B2 p m -29.0 -3.72 25.28
Bl p m -28.0 -1.22 26.78
1 B2 tu -23.4 -6.74 16.66
gh -27.9 -6.74 21.16
ph -27.6 -6.74 20.86
B2 h tm -28.3 -5.57 22.73
B2 gh tu -28.3 -5.46 22.84
Bl p tu -28.0 -5.53 22.47

1A1l isotopic data reported as per mil difference from the PDB standard
KEY: h- humate; p- peat; ph- peat humate; cc- concretion; tu- mfa
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Figure 4.5 Carbon isotope record for pedogenic and organic carbon

Cerling ef al. (1989) indicated that there should be a & (cucos- o) Of 14-16%¢ for coexisting
pedogenic carbonate and soil organic matter in locations with high soil respiration rates. The a value for
Aubrey site coexisting pedogenic carbonate and organic matter ranges from 8.88 to 12.87%- (Table 4.4).
This range is lower than that reported values, i.e., we should expect a smaller » value if there is no
Cretaceous material incorporated. On the other hand, adding more and more lithogenic material would
drive the » values higher and higher. The discrepancy between the Cerling ef al. (1989); however, if
Cretaceous lithogenic material (*C= +1- + 3%¢) were acting as contamination, the » values would
approach or surpass their reported values, i.e., we should expect a smaller » value if there is no
Cretaceous material incorporated. On the other hand, adding more and more lithogenic material would
drive the a values higher and higher. The discrepancy between the Cerling et al. (1989) » range of 14-
16%- and our lower range may be due to differences in soil horizon P_, in the study areas. We suggest
that a higher P, was maintained at the Aubrey site. Elevated P, at the study site is probably related to a
high initial organic content and commensurate high respiration rates (surface soil horizon presently contains
1.2% total organic carbon).

The inference that P, is high near the Aubrey site is supported by data from local Trinity River
water that contains high total dissolved inorganic carbon values (annual mean of 225 mg/liter ¥ CO,; Pillard,
1988), higher than equilibrium CaCO,-H,0-CQO, (atm) values. A higher P., the soil environment would
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result in pedogenic carbonates with a more depleted composition, and the resulting » values would be less;
i.e., the pedogenic carbonate would show values closer to the soil organic matter which respires to produce
the elevated P,;.

Figure 4.5 shows the carbon isotopic composition of pedogenic carbonates and organic carbon
from Trench 25 plotted as a function or depth. There is overall correspondence between these two
records. Compositions of both are more enriched at or below 89.0 m and more depleted between 89.0 and
92.5 m. Note that an enrichment for both the carbonate and organic carbon "C of approximately 3%-
occurs above 92.5 m. The carbonate *C over this interval does occur; however, the magnitude of variation
is not as pronounced as that shown by the lower excursion. We do not have organic carbon data
corresponding to the uppermost positive shift in carbonate *C.

Because carbonate isotopic composition is mimicking organic carbon isotopic composition, the
carbon for pedogenic carbonate precipitation must be locally derived from the included soil organic matter.
Soil water bicarbonate ions undergo isotopic exchange with soil gas derived from respiration of soil organic
matter (Cerling, 1984). These data (Figure 4.5) suggest changing biomass throughout the section through
time, with the variation reflecting alternation between the more isotopically depleted C, plants and the more
isotopically enriched (relative) C, grasses. The presence of C, plants or of C, plants, and hence their
carbon contribution to the soil environment, has been interpreted as proxies for relative wet versus dry
conditions, respectively (e.g., Rightmire and Hanshaw, 1973; Goodfriend and Magaritz, 1988, Tieszen and
Boutton, 1989).

Figure 4.6a shows a '‘C time-series of carbonate carbon isotopic data. Note two periods of more
depleted isotopic composition at ca. 11,000 to 7500 and ca. 3500 to 2000 yr B.P. In contrast, the period
spanning 7000 to 4000 yr B.P. is represented by relatively more enriched (by about 2.5%¢) compositions.
Figure 8B is modified from Ferring (1990) and was constructed independently of the isotopic data using
regional geologic, faunal, and pollen records. Indeed, not only were the climatic interpretations based on
geologic/paleontologic data, but the isotope data were not acquired until more than 1 yr after the Ferring
(1990a) curve was published. Note the correspondence between the two diagrams. Rapid alluviation
occurred under periods of higher precipitation when a predominance of the more humid C, and “C-
depleted flora would be expected. Conversely, periods of slow alluviation and pedogenesis occurred under
drier conditions during which a predominance of more enriched C, grasses would be expected. Our data
show evidence for a moist early Holocene, dry middle Holocene, and overall moist late Holocene, although
with a dry excursion from ca. 2000 to 1000 yr B.P.

Haynes (1991) identified a Clovis-age drought in western North America, lasting from ca. 11,300 to
10,900 yr B.P., that was coeval with megafaunal extinctions. Subsequent to this drought, water tables rose
and lacustrine sedimentation resumed, signifying onset of more humid conditions (Haynes, 1991). A similar
sequence of events is noted at the Aubrey site. Prior to the early Holocene, isotopic, faunal, and botanical
evidence at the Aubrey site suggest a latest Pleistocene climate that was cool and dry. Pond desiccation
and deflation occurred sometime after ca. 12,000 yr B.P. Clovis artifacts occur on this deflationary surface
and on the surface of Unit D (deposited up to ca. 11,000 yr B.P.). Shortly after Clovis occupations,
alluviation resumed at the Aubrey site with depaosition of Unit E sediments, and carbon isotopes shifted
toward lighter values (Figure 4.6).
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Figure 4.6 Pedogenic carbon isotope data and inferred climate history

The timing of the middle Holocene dry period noted at Aubrey corresponds with the Southern High
Plains drought identified by Holliday (1989) which culminated between ca. 6500 to 4000 yr B.P. In contrast
to evidence cited by Holliday, however, the Aubrey oxygen isotopic data show no evidence for higher middle
Holocene temperatures (Figure 4.3). The Aubrey data suggest that mean annual temperatures were not
significantly different from those of the present regime; however, we cannot exclude the possibility that

differences in middle Holocene seasonality may have existed.

Conclusions

Stable isotope and independent data indicate changing climatic conditions in northcentral Texas from
late Pleistocene to present:

(1) Late Pleistocene to early Holocene oxygen isotopic compositions of lacustrine and pedogenic
carbonates at the Aubrey site indicate that variability is tied to the changing isotopic composition of
northern Guif of Mexico waters,

(2 Carbon isotope data corroborate independent evidence for more humid early Holocene, drier
middle Holocene, and overall more humid late Holocene conditions.
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Oxygen isotope data show no evidence that middle Holocene mean annual temperatures were
significantly different than those of today.

The pond sediments give us an unparalleled look at terminal Pleistocene climate. A wealth of
geochemical, botanical, and faunal evidence from a multidisciplinary research program suggests
that the climate at the Aubrey site at the end of the Pleistocene was cool and dry. Cool grassland
conditions prevailed at least until the Clovis occupations. This dry period is consistent with the
North American Clovis-age drought identified by Haynes (1991), although the combined evidence
from Aubrey suggest that climatic conditions may have ameliorated at or just after Clovis
occupations here.

Although precise forcing mechanisms for these climatic changes have yet to be identified,
integrated isotopic, sedimentologic, floral, and faunal data provide encompassing constraints on
climate response at the Aubrey site. Our data for the terminal Pleistocene of north-central Texas
have significant implications with respect to stress on mammalian megafaunal populations, as well
as adaptations of Clovis populations.
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CHAPTER 5

PALEOENVIRONMENTAL SIGNIFICANCE OF LATE GLACIAL
INSECT FOSSIL ASSEMBLAGES
FROM THE AUBREY SITE, NORTHCENTRAL TEXAS

by

Scott A. Elias

ABSTRACT

Two insect faunal assemblages were studied from late glacial-age organic sediments at the Aubrey Clovis
site in northcentral Texas. Fossils from Unit B1 were deposited in a spring pool between about 15,000 and
13,800 B.P. The other fossil-bearing unit, B2, was deposited between about 13,800 and 13,300 yr B.P.
Many of the identified species live today only in regions well north of Texas. Several are found in the boreo-
montane regions of North America. However, there are not tree-dwelling taxa in the fossil assemblages.
The insect assemblages present a picture of gradually warming local environments from about 14,000 to
13,300 yr BP. Assemblages from both the lower and upper units are indicative of a small pond, situated in
a freeless, open landscape.

Methods

Organic detritus was concentrated from the sediments by gravity separation. The organic fraction
of each sample was then wet sieved on a 300 m screen, and insect fossils were isolated from plant
residues by the kerosene flotation method (Coope, 1968). Flotants were then washed in detergent, and
sorted in alcohol under low power binocular microscope. Robust insect fossil specimens were mounted on
modified micropaleontology cards with gum tragacanth. Duplicate and fragile specimens were stored in
vials of alcohol. Specimens were identified by comparison with modern, identified specimens in the U.S.
National Museum of Natural History (Smithsonian). Washington, D.C. Some specimens were referred to
taxonomic specialists, as noted in the acknowledgements.

Results

The late glacial sediments from the Aubrey site yielded abundant, diverse insect assemblages,
dominated by beetles. In all, 74 taxa have been identified, including 20 specific determinations (Table 5.1;
Figures 5.1, 5.2). Riparian taxa are important in most of the 13 assemblages studied, as well as aquatic
and semiaquatic taxa. The assemblages are divided into those from near the shore of an ancient pond,
and those from near the center of this pond. While it is not surprising that the littoral zone faunas are
dominated by riparian and emergent vegetation-zone insects, even the profundal zone assemblages are
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Figure 5.1 Stratigraphic distribution of selected insect taxa from Aubrey.

dominated by these groups. In fact, of the aquatic beetles identified from sediments in the axis of the pond,
only two taxa are associated with open water.

Many of the identified species live today only in regions well north of Texas. Several are found in
the boreo-montane regions of North America. However, there are no bark beetles or other tree-dwelling
taxa in the fossil assemblages. Several of the identified taxa merit further discussion.

Discussion of Selected Taxa

Several species of ground beetles (Carabidae) were identified from the Aubrey assemblages Table
5.1; Figure 5.1) . Species of the genus Bembidion are generally riparian in habit. B. Fortestriatum is often
found in oligotrophic swamps, with Carex rostrat (sedge), Potentilla palustre (marsh cinquefoil),
Menyanthes (buckbean) and Smilacina trifoliata (false Solomon's seal). Today, this beetle is found across
the boreal zone of Canada and Alaska (Lindroth, 1963), with outlying populations in the mountains of
Washington, Oregon, Colorado, and New England (Figure 5.2a).

Chlaenius niger is another swamp inhabitant, found in areas of rich vegetation at the edges of
pools. It lives today across much of southern and central North America (Lindroth, 1969). Bembidion
impotens lives on open shores of lakes and rivers, on clay and sand substrates. This species is found today
throughout the United States, ranging north just into southern Canada (Lindroth, 1963).

Bembidion nigripes lives at the margins of lakes and ponds, on firm, moist substrates with little
vegetation. This is another boreo-montane species, found today across Canada and Alaska, with
extensions into the mountains of Washington, Oregon, and Colorado (Lindroth, 1963). Tachys anceps is
also riparian, but found in the upper, or epilittoral zone, on exposed, rather dry sand (often mixed with clay),
where vegetation is sparse. This beetle is found today across much of eastern and central North America,
as far south as Texas, and as far north as central Canada (Lindroth, 1966). Stenolophus comma occupies
similar habitats, but is more widespread across North America.



Table 5.1

Fossil Insect Faunal List, Aubrey Site. Minimum Number of Individuals Per Sample.

TAXON

Stratum B2 Samples’

Stratum B1 Samples®

D

E

B

C

COLEOPTERA
CICINDELIDAE

Cicindela sp.

CARABIDAE

Dyschirius sp. -
Trechus sp. -
Bembidion forteswiatum Mots. -
Bembidion impotens Csy. -
Bembidion cf. nigripes Kby. -
Bembidion spp. -
Tachys anceps LeC. -
Pterostichus cf. honestus Say

Pterostichus sp. -
Aspidoglossa subangulara Chd. -
Harpalinae genus et sp. indet. -
Anisotarsus piceus (LeC.) -
Bradycellus sp. -
Stenolophus comma F. -
Chlaenius cf. niger Rand. -
Genus et sp. indet. 1

DYTISCIDAE

Agabus sp.
Colymbetes sp.

HYDROPHILIDAE

Helophorus sp.

Tropisternus sp.

Laccobius sp. -
Hydrobius fuscipes L. 1

cf. Cercyon sp. 1
Genus et sp. indet. -

LIMNEBIIDAE

Ochthebius sp.

STAPHYLINIDAE

Acidota crenata (Fab.)

Stenus spp.

Lathrobium sp.

Philonthus sp.

Quedius sp.

Tachyporinae genus indet. -
Tachinus pearcticus Campbl. -
Aleocharinae gen. et sp. indet. -
Genus et sp. indeL -
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Table 5.1, continued.

L

TAXON Stratum B2 Samples' Stratum B1 Samples®

A B C D E F G H I A B C

LEIODIDAE
Agathidium sp. 1 1

Genus et sp. indet. - . % . . = . . - . “

SCARABAEIDAE
Onthophagus hecate hecate (Panz.) . - ’ ‘ : 1
Aegialia sp. - . . .
Aphodius bicolor Say - 1 - 1 -
Aphodius spp. . 2 . 1 - 2 . 3 X 5 1
Ataenius sp. - . L 4 1 1 ~ . . ; .

Psammodius sp. . . - : = = . ’ 1
Serica sp. - . = = - 1
Genus et sp. indet. 1

ELATERIDAE
Genus et sp. indet. - 5 s . : . - 1 = " y 1

TENEBRIONIDAE
Eleodes sp. 1 . - - . : = 9 : > 2 1

ANTHICIDAE
Anthicus cervinus Laf. - -

PHALACRIDAE
Phalacrus sp.

COLYDIIDAE
Cerylon sp.

CHRYSOMELIDAE :
Neohaemonia sp. - - - - - - & o . g *
Donacia biimpressa Mels. . 2 - - . - - - = i
Donacia distincta LeC. - 2 - - - “
Donacia (Donaciomima) sp. 2 - - - 1
Donacia (Subtilis) sp- - - - - -
Donacia spp. - -
Plateumaris shoemakeri (Schfr.)1
Plateumaris (Pusilla) sp.
Plateumaris sp.
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Table 5.1, continued.

TAXON

Stratum B2 Samples’

Stratum B1 Samples?

D

E

B

C

Graphops sp.
Bromus sp.
Altica sp.
Chaetocnema sp.
Pyrrhalta sp.

Genus et sp. inder.

CURCULIONIDAE
Apion sp.
cf. Smicronyx sp.
Bagous sp.
cf. Pnigodes setosus LeC.
Baris or Limnobaris spp.
cf. Paranmetis distintca Burke
Genus et sp. indet.

HEMIPTERA
LYGAEIDAE
Genus et sp. indet.

HYMENOPTERA
FORMICIDAE
Aphenogaster spp.

2

2

e

8

B e b b

o N

1

1

1

=N

25
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w

'Stratum B2 Samples: A - Trench 1A, Unit B2d, 88.15-88.02 m; B - Trench 1A, Unit B2d, 88.06-87.77m; C - Trench 1, Unit B2d, +10 to +20 ¢m; D - Trench 1, Unit B2b, 0 to -10 cm; E - Trench

1, Unit B2b, -10 to -20 em; F - Trench 1A, Unit B2b, 87.9-87.77 m; G - Trench 1A, unit B2b, 87.77-87.68 m; H - Trench 1, Unit B2a, 0 to -10 ¢m; [ - Trench 1, Unit B2a, -40 to -50 cm.

Stratum B1 Samples: A - Trench 1, Unit Blz, -60 to -70 cm; B - Trench 1A, Unit Blz, 87.23-87.10 m; C - Trench 15, Unit B1d, 170-180 below nail; D - Trench 15, Unit Blbe, 210-230 below

nail.

€L
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Figure 5.2 Known modern North American distribution of beetle species discussed in text. A -
Bembidion fortestriatum, after Lindroth, 1963; B - Acidota crenata, after Campbell, 1982; C -
Tachinus nearcticus, after Campbell, 1973; D - Onthophagus hecate, after Howden and
Cartwright, 1963; E - Donacia biimpressa, from |. Askevold, University of Manitoba, written
communication, June, 1990; F - Pnigodes setosus, after Tanner, 1943,
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Pterostichus honestus is a predator in deciduous forests, where it is found in shaded localities,
under logs, stones and debris. It lives in the southeastern Canada and the eastern United States, as far
south as North Carolina and west to Michigan (Lindroth, 1966). Aspidoglossa subangulata is found among
sparse vegetation growing on wet clay near the margins of ponds and streams. It is widespread today in the
eastern and southeastern United States, as far west as southeastern Texas (Arnett, 1973). Anisotarsus
piceus is an upland species of ground beetle, found on dry, open, sandy ground in the eastern and central
United States as far south as Texas (Lindroth, 1968).

The variety of predaceous diving beetles (Dytiscidae) and water scavenger beetles (Hydrophilidae)
also attest to the presence of a local pond or small lake with abundant vegetation in the littoral zone and
open water in the profundal zone. However, in contrast to the gastropod record from the pond deposits, the
profundal zone sediments did not contain substantial numbers of open water aquatic beetles. Most of
these beetles are in the family Dytiscidae (predaceous water beetles). Only two taxa of dytiscids were
found in the Aubrey assemblages. Most of the water scavenger beetles (Hydrophilidae) are associated with
the margins of standing water, or with damp habitats near water.

Two species of rove beetles (Staphylinidae) were identified from the Aubrey site assemblages.
Acidota crenata is a widely distributed, boreal, Holarctic species. In North America, it ranges across the
boreal zone of Canada and Alaska (Figure 5.2b), ranging south to Michigan, northern Indiana and
Washington with relict populations in the mountains as far south as North Carolina and Colorado
(Campbell, 1982). It has been found living in Polytrichum and Sphagnum bogs at low elevations, in moist
leaf litter and wet bog meadows in mountains, as well as dry habitats in pine forests. Tachinus nearcticus is
likewise a boreal species, ranging from Labrador to Alaska, with relict populations in the mountains of
Colorado and New Mexico (Figure 5.2c). Modern specimens have been collected from grass clumps,
dung, moist fungi on Populus, and from under Populus bark (Campbell, 1973).

Two species of dung beetles (Scarabaeidae) were identified. Onthophagus hecate is widespread
in North America (Figure 5.2d), feeding on many kinds of dung as well as rotting fruit and fungi (Howden
and Carwright, 1963). It shows a preference for cow dung, and in prehistoric times undoubtedly fed on
bison dung, which is virtually identical to cow dung. Aphodius bicolor feeds primarily on deer dung. It
ranges today from New York to Florida, and west to Kansas and Texas (Gordon, 1983).

Most of the leaf beetles (Chrysomelidae) found in the Aubrey site assemblages are semi-aquatic.
Several species of Donacia and Plateumaris were found. The larvae of these genera live submerged in
water in the littoral zone of ponds, lakes, and streams. They breathe by piercing the hollow stems of plants
(e.g., Typha and Scirpus) with abdominal spines. The adults feed on the exposed parts of the plants. D.
biimpressa feeds on a variety of semi-emergent vegetation, ranging across the eastern and central United
States (Figure 5.2e). Plateumaris shoemakeri has primarily been collected in the eastern United States, but
its range extends west to Utah and Alberta (I. Askevold, Entomology Dept., University of Manitoba, written
communication, 6/90).

The weevils (Curculionidae) identified from the Aubrey site include specimens tentatively identified
as Pnigodes setosus and Paranmelis distincta. P. setosus is found today in the western United States, as
far east as Louisiana and lowa (Figure 5.2f). In Texas, itis known to feed on Lepidium (pepper grass) roots
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(Tanner, 1943). P. distincta is known only from Gillespie Co., Texas, where it was collected by sweeping
mixed, low vegetation at the edge of a sparsely wooded area (Burke, 1960).

Paleoenvironmental Interpretations

The insect assemblages from the late glacial sediments at the Aubrey site present a picture of
gradually warming local environments from about 14,000 to 13,300 yr BP. Assemblages from both the
lower and upper units (Strata B1 and B2, respectively) are indicative of a small pond, situated in a treeless,
open landscape. While the pond had open water at the center, the margins were well vegetated with
sedges, reeds, and rushes. At least some of the strand around the pond was sparsely vegetated, or barren
of vegetation cover.

By plotting the distributions of predatory and scavenging species in the assemblages (i.e., those
taxa which are not directly tied to particular vegetation), a region or zone of mutual habitability was found for
each the various units of the two strata. The region of distributional overlap for the species in the B1 fossil
assemblages is a narrow zone, extending from southwestern Michigan on the west to Vermont on the east,
encompassing central Michigan, southern Ontario, and upstate New York. This zone represents a
distributional shift of more than 1300 km from the Aubrey site. Modern mean July temperature at Denton,
Texasis 29° C (84.5° F) (National Oceanic and Atmospheric Administration, 1982). The fossil insect
record suggests, then, that summer temperatures in the Aubrey site between 14,200 and 13,500 yr BP
were depressed by about 10° C from modern levels. This is about the same degree of cooling shown by
contemporaneous fossil insect faunas from the Lamb Spring site, near Denver, Colorado (Elias and
Nelson, 1989; Elias and Toolin, 1990).

The region of distributional overlap for species in the B2 assemblages is farther south, extending
from south-central Michigan on the east to northwestern lllinois on the west. Mean July temperatures in this
region fall between 20.7 and 23.7° C (69.2-74.6° F), suggesting that regional climatic warming had
commenced in north-central Texas by about 13,500 yr BP. The amelioration was on the order of 2° C
above the summer temperatures at 14,000 yr BP.

This palecenvironmental reconstruction appears to agree well with the paleobotanical interpretation
of the late glacial sediments at the Aubrey site. While the beetle evidence suggests a climatic regime warm
enough to support coniferous forest, the assemblages comprise a climatic regime warm enough to support
coniferous forest, the assemblages comprise an open ground fauna, which is in agreement with the
contemporaneous grassland flora identified from Aubrey. Perhaps there was insufficient effective moisture
in the region to support trees in the early late glacial.
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CHAPTER 6

POLLEN ANALYSIS OF LATE-GLACIAL POND AND SPRING DEPOSITS,
AUBREY CLOVIS SITE, DENTON CO., TEXAS

by

Stephen A. Hall

Introduction

Late-glacial-age pollen records in the southern Great Plains are rare. Sediments at the Aubrey
site provide an unusual opportunity to document past vegetation during the transition from glacial to
postglacial climates in northcentral Texas. Pollen-bearing pond and spring deposits at the site are
radiocarbon-dated 13,200 to 14,200 years BP, providing a 1000-year record of local and regional late-
glacial vegetation. Unfortunately, younger Pleistocene and Holocene alluvium overlying the pond and
spring sediments are either barren of pollen or the pollen grains are too poorly preserved to allow a
reliable reconstruction of past vegetation.

Methods

Pollen samples were collected by the writer from four stratigraphic sections that were open in
January 1989. The pollen record comes from Sections 1A and 2A. Pollen grains are not well preserved
or are absent in Sections 1B and 1C and in the upper part of 2A . The pollen succession is a combination
of two stratigraphic sections that, together, total about 215 cm of pollen-bearing sediments. The lower
section, about 130 cm thick, is from the pond deposits (Trench 2A, stratigraphic Unit B1) and is
characterized by high percentages of Poaceae and low percentages of Cyperaceae. The upper section,
about 85 cm thick, consists of spring deposits (Trench 1A, Stratigraphic Unit B2) that overlie the pond
sediments and are characterized by comparatively low percentages of Poaceae and high percentages of
Cyperaceae.

Initial sample preparation was done by Dr. John Jones, Palynology Laboratory, Texas
A & M University. Sample preparation followed routine laboratory procedures, preceded by the addition of
a spike of Lycopodium-spore tablets (11,267 + 370 spores per tablet; batch 201890) to the dried and
weighed sediment. Spiked samples were washed in HCI, HF, heavy liquid separation with zinc chloride, a
second HF, and finally acetolysis. The resulting residues were stained in safranin O and counted by the
writer at the Palynology Laboratory, University of Texas at Austin. In addition to pollen grains and fern
spores, colonies of algae (Pediastrum and Bofryococcus), and recycled Cretaceous spores, pollen, and
dinoflagellates were also counted.
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Modern Pollen from Surface Duff

Two modern surface samples were collected from near the Aubrey site for comparison of the
pollen signature of the modern vegetation with that from the late-glacial deposits. The modern pollen
counts are included in Table 6.1. Surface sample A (SS-A) was collected from tallgrass rangeland of the
Grand Prairie about one mile west of the Aubrey site. Surface sample B (SS-B) was collected about one-
half mile east of the Aubrey site from the post-oak/blackjack oak forest of the Eastern Cross Timbers,
Denton County, Texas. The boundary between the Grand Prairie and the Eastern Cross Timbers in
northcentral Texas is sharp, related to clayey versus sandy soils.

Within ten miles of the Aubrey site, a series of Tauber traps was established in the tallgrasses of
the Grand Prairie, providing pollen influx data for the year 1984 (Hall 1992). Pollen data from these traps
correspond to pollen from SS-A and together show the relationship between modern vegetation and the
pollen assemblages produced by that vegetation.

Resulis

The pollen analyses are based on large counts, generally in excess of 800 grains, in order to
document the presence of rare pollen taxa. Also, grass pollen grains dominate the lower part of the
section, averaging 80%, which can mask the presence of other taxa. All pollen counts, including data
from two modern surface-duff samples, are presented in Table 6.1.

Pollen Preservation

In the south-central United States beyond the glacial border, pollen-bearing material from late-
Quaternary stratigraphic sections are not common. Over the years, Vaughn Bryant and the writer have
completed numerous pollen studies of sediments from various geologic and archeological contexts
(Bryant and Hall 1993; Bryant and others 1994; Hall 1995). Bryant and | have identified several criteria,
discussed in the above papers, by which the credibility of a pollen assemblage can be evaluated. The
pollen record presented in this paper is based on very well preserved pollen assemblages. Pollen
concentrations range from 5,000 to 97,000 grains per gram of processed material, a large amount of
pollen but similar to the pollen content of other lacustrine sediments in the region (Hall and Valastro
1995). Individual grain preservation from the spectra presented and discussed here is also excellent.

Recycled Cretaceous Spores, Pollen, Dinoflagellates

A noteworthy aspect of the palynology of the Aubrey site pond and spring deposits is the
presence of numerous recycled Cretaceous palynomorphs. The late Pleistocene sediments of the
Aubrey site occur within a small valley that previously had been eroded into Cretaceous bedrock. Several
hundred feet north of the site are exposures of fossiliferous marls of the Weno Limestone (Barnes, 1967).
The palynology of the Denton Shale, occurring under the Weno, has been studied previously (Wingate,
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communities.
Recycled Cretaceous Pollen, Radiocarbon Dating, & *C

Recycled “old” or “dead” carbon is always a potential source of error in radiocarbon-age
determinations of sediments. The large amount of dead carbon that occur in the late Pleistocene Aubrey

Discussion
Pollen Diagram
The pollen data shown in the pollen diagram are divided into three habitat categories: upland,

riparian, and wetland-lacustrine (Figure 6.2). The percentages of upland taxa are calculated independent
of the counts of taxa from other habitats. The percentages of riparian taxa are calculated from a
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Figure 6.1 Summary Pollen Diagram of the Aubrey Clovis Site. Samples are from pond

(Unit B1) and spring (Unit B2) deposits. The pollen record extends through 215 em of

sediments radioc

arbon-dated ca. 13,200 to 14,200 bp.

cumulative pollen sum based on both upland and riparian taxa. Finally, the percentages of wetland-
lacustrine taxa are calculated from the sum of all the pollen counts. In this way, the percentages of
upland pollen taxa are not influenced by non-upland pollen counts. This procedure does not get around
the problem that some pollen grains, such as those from grasses, could originate from plants that thrive in

all three habitats.



In order to organize the vast amount of pollen data into a manageable form, a table is presented
with shows the pollen percentages from the late-glacial Aubrey site as ‘greater-than,” “less-than,” and
‘same-as” pollen percentages from the modern grassland vegetation (Table 6.2).

Picea. Spruce pollen occurs in nearly every spectrum at Aubrey, averaging about 0.5%. While spruce
cones and abundant Spruce pollen are evidence for Spruce trees in Louisiana and southern
Kansas, the record for spruce in Texas is Sparse. Glacial-age basal sediments from Boriack and
Patschke bogs contain Some spruce, but the low percentages suggest that Spruce trees were
either few in number or that the pollen grains are wind-drifting into central Texas from elsewhere.

Juniperus. Cedar pollen is very abundant today in most areas of Texas. During the late-glacial, cedar
was nominally present but not abundant, The high amounts of cedar pollen in modern samples
and pollen traps may reflect recent invasion of rangeland by cedar trees.

Quercus. Oak pollen abundance is much lower at Aubrey than it is today in northcentral Texas, indicating
the absence of the Cross Timbers oak forests during late-glacial time.

Carya, Hickory, like oak, is more abundant today than in the late-glacial,

Ulmus. Elm, based on Pollen, was not present at all during the late-glacial, in contrast with its moderate
abundance in the modern vegetation of northcentral Texas.

Fraxinus. Ash abundance appears to be about the same today as in the past.
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Table 8.2. Late-Glacial Pollen Percentages vs. Modern Grassland Pollen Percentages

GREATER-THAN-TODAY LESS-THAN-TODAY SAME-AS-TODAY
Picea X
Pinus X
Corylus X
Poaceae X
Artemisia X
Asteraceae short X
Quercus
Carya
Ulmus
Ambrosia
Chenopodiaceae
Fraxinus
Asteraceae long X

2 X X X X

X

Plains. In the lower half of the diagram, the 90% values of grass are virtually unprecedented in
U.S. pollen records. The extremely high percentages may represent aquatic grasses in the pond
habitat of the Aubrey site. A similar relationship has been documented at the Garnesy bison kill
site in New Mexico where higher percentages of grass bollen were associated with late Holocene
spring deposits.

Ambrosia. Ragweed pollen is much more abundant today than during the late-glacial. How much of this
modern abundance is due to historic human disturbance and agriculture and how much is natural
plant-community development is not yet known. Part of the definition of Ambrosia pollen is spine
length, less than 2.0 pm. Some workers define Ambrosia spine length less than 3.0 ym. One of
the issues concerning the identification of Ambrosia pollen is that, when pollen grain preservation
is poor, spines tend to shrink in size. The Ambrosia and other Asteraceae pollen grains in this
study, however, are excellently preserved and their spine lengths are true.

Franseria. This genus has been recently placed in synonymy with Ambrosia. However, its pollen-grain
morphology is distinct from Ambrosia and is separated out in this study.




transport from the sagebrush population north and west of Aubrey.

Apiaceae. Pollen grains from plants in the carrot family are much more common during the late-glacial
than today.

Late-Glacial Upland Grassland Vegetation
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Riparian Vegetation

The small late-glacial valley, a predecessor to the modern Elm Fork, was dominated by trees
and shrubs of alder (Alnus), willow (Salix), water-elm (Planera aquatica), and a few cottonwoods
(Populus). The late-glacial riparian vegetation was very different from the riparian vegetation of north and
east Texas today in which alder and water-elm are rare elements on floodplains. Itis not clear why the
late-glacial riparian plant communities differ from those of today.

Wetland and Lacustrine Vegetation

The pond and spring deposits indicate a locally high watertable, with respect to the floodplain,
during late-glacial time, and the pollen content reflects those environments. The late-glacial wetland and
lacustrine pollen record is dominated by sedges (Cyperaceae). The presence of common cattail (Typha
latifolia), narrow-leaved cattail (Typha angustifolia or bur-reed Sparganium; polien is indistinguishable),
water-lily (Nymphaea), cow-lily (Nuphar), water-milfoil (Myriophyllum), arrowhead (Sagittaria), and
bladderwort (Utricularia) all indicate a shallow, permanent pond. All the above species except cattails are
perennial aguatics, requiring a permanent pond with a sufficiently shallow water depth to allow the plants
to form roots in pond mud. The presence of colonies of freshwater green algae Pediastrum and
Botryococcus also indicates a former aquatic environment (Batten, 1996; Batten and Grenfell, 1996).

Conclusions and Summary
Paleovegetation

A late-glacial record of well-preserved pollen, radiocarbon dated 13,200 to 14,200 years yr B.P.,
is documented from pond and spring deposits at the Aubrey Clovis site. The pollen spectra are
characterized by high percentages of grasses and other herb taxa and by low percentages of tree taxa.
The pollen assemblages compare favorably with those from modern grasslands in the southern Great
Plains. Thus, the late-glacial upland vegetation is interpreted as a grassland.

The late-glacial riparian vegetation on the floodplain of the predecessor of the Elm Fork was
characterized by trees and shrubs of alder, willow, and water-elm, different from modern-day floodplain
plant communities. The pond and spring areas were characterized by sedges, cattail, water-lily, and other
aquatic plants that require permanent, shallow water. The pollen record shows that the locally high water
table and associated spring and pond persisted a minimum of 1000 years, the time period represented by
the pollen-bearing sequence.
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Paleoclimate

Today, grasslands occur in a wide range of climates in North America, both with greater and
lesser amounts of precipitation and higher and lower temperatures than found today in northcentral
Texas. Consequently, a paleoclimatic reconstruction for the late-glacial grassland likely falls within the
climatic parameters of modern prairies but, specifically, is inconclusive.
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Chapter 7

MOLLUSCAN REMAINS FROM THE AUBREY SITE (41DN479)

by

Raymond W. Neck

Introduction

Molluscan shells can provide detailed information about Quaternary environments. The existence
of sediments at the Aubrey Site (41DN479) that have been dated by radiocarbon analysis and contain a
large number of molluscan shells representing a large number of species provides an opportunity to
examine environments during the Late Wisconsinan of north-central Texas.

Methods and Results

Sediment samples representing a terrace swale fill (Qa) and both the pond margin (B1y, B1z, B2a,
B2b, and B2d) and the pond axis (B1b, B1c, B2, C1, C2, E1, and E2) of the Aubrey Site were provided to
the author. These samples were water-screened through a nested seris of standard soil sieves (#8, #16,
#30), except for the Qa sample, which consisted of shells already separated from the matrix. After the
resultant material was air dried, the shell material was manually separated and placed into containers
awaiting the identification process.

Identification was accomplished by familiarity with many of the species due to previous experience
in either field collection of live material or lab identification of shell material from previous studies on
molluscan paleoassemblages. Shell material not immediately identifiable was compared to standard
identification manuals (Pilsbry 1939-1948; Burch 1962, 1972, 1975, 1982; Cheatum and Fullington 1971,
1973; Fullington and Pratt 1974; Fullington 1978; Clarke 1981) and the author's personal reference
collection. Use of the latter resource was particularly valuable when only portions of the original shell
remained in the paleoassemblages. Paleoenvironmental reconstruction techniques involved assimilating
the preferred habitats of extant populations of the constituent species with knowledge of the geographical
and geological location of the source of the particular paleoassemblage. Counts were made of the adult
and immature shells of each species. The resultant counts are provided in Tables 7.1 - 7.3.

Annotated List of Species

A total of 45 molluscan species were recovered from sediment samples removed from the Aubrey
Site (41DN479). The five freshwater bivalve species include two fingernail clams and three pea clams.
The gastropod assemblage of 40 species includes 13 freshwater (three prosobranchs and 10 pulmonates)
and 27 terrestrial species (one prosobranch and 26 prosobranchs). Range and habitat information
provided below are derived from the author’s personal observation or from literature sources (identification
manuals listed above in addition to Hubricht 1985). Nomenclature follows Turgeon and others (1988).
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Table 7.1  Molluscan remains from the Carroliton Alluvium - Terrace Swale.

TAXON Adults Immature Total
BIVALVES
Sphaerium striatinum 8 8
Musculium transversum 1 1
Pisidium caesertanum -] 5

OPERCULATE GASTROPODS (Freshwater)

Valvata tricarinata 76 276 352
Pomatiopsis cincinnatiensis 8 2 30

PULMONATE GASTROPODS ( Freshwater)

Gyraulus parvus 19 62 81
Heliosoma anceps 4 4 1"
Fossaria obrussa 0 4 4
Physella gyrina 4 1 5
PULMONATE GASTROPODS (Terrestrial)
Strobilops texasiana 0 1 1
Heliodiscus singleyanus 4 0 &
TOTAL 129 373 502

Taxa in bold are extirpated from region

Sphaerium striatinum

found in moving or high-quality still waters that are of a permanent nature in
Canada, the United States, and Mexico.

Musculium transversum  typically found in large lakes, sloughs, and moving streams on a mud substrate

Pisidium casertanum

Pisidium compressum

Pisidium nitidum

Oligyra orbiculata

in Canada, the United States, and Mexico.

probably the most widely distributed freshwater bivalve in the world. This species
is found in a great variety of freshwater habitats throughout North and South
America, Eurasia, Africa, and Australia.

normally found associated with aquatic vegetation in permanent lakes, streams,
ponds, and rivers throughout North America and southward into Mexico.

may be found in various types of permanent, shallow water bodies in North
America, Mexico, Eurasia, and northern Africa.

the only terrestrial operculate that occurs in the central Texas area. This species is
found in a wide variety of habitats that have been a certain amount of cover
material in the form of wood or rock. Substrate is usually calcareous in nature.
This species ranges from Kentucky and Oklahoma southward into Florida, Texas,
and northeastern Mexico.
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Table 7.2 Molluscan Remains from Pond Margin at Aubrey Site

STRATUM

Bly Biz B2a B2b B2d

BIVALVES

Psidium casertanum 3 3
Psidium compressum
Psidium nitidum 5

-
LS A

OPERCULATE GASTROPODS
(freshwater and terrestrial)
Oligyra orbiculata
Valvata tricarinata’ 2 11 1 1 2
Pomatiopsis lapidaria 63 46 337 189 188 111 123 45 129 68

PULMONATE GASTROPODS
(aquatic)

Gyraulus parvus 3 1 18 0 18 12
Gyraulus crista 2 0
Promenetus umbilicatellus 1 1
Planorbella trivolis 3 0 2 0 2 1
Helisoma anceps 2 0
Fossaria parva 1 0
Fossaria dalli 8 0
Physella gyrina 2 0 2 0
Physella virgata 1

PULMONATE GASTROPODS
(terrestrial)

Carychium exiguum

Vallonia parvula

Pupoides albilabris

Gastrocopta armifera 3 0

Gastrocopta contracta 3

Gastrocopta pentodon

Gastrocopla tappaniana

Gastrocopla procera 1 0

Gastrocopta cristata

Vertigo ovata

Vertigo gouldi 3

Strobilops texasiana 2 0 ki

Oxyloma retusa

Catinella avara 2 0 6 8 6

Succinea ovalis 4

Discus cronkhitei 1 2 14 16 7
5
3
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Heliodiscus parallelus ] 0
Heliodiscus singeyanus 1 0

Deroceras laeve
Glyphyalinia indentata
Hawaiia miniscula
Zonotoides arboreus
Euconulus fulvus
Euconulus trochulus
Euchemotrema leai
Mesodon thyroidus 1 0

CO==~OO
-
N NN

w N
coo
e ]
oW
[+ ]
oo0o

w o
M)
o
L

NISP 91 48 507 228 269 137 197 70 240 114 1801
NISP Total 139 735 406 267 354

Percent immature 34.53 31.0 33.74 26.22 322
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Table 7.3 Molluscan Remains from Pond Axis at Aubrey Site

STRATUM

BIVALVES

Psidium casertanum 4 1 3 3 4
Psidium compressum 1
Psidium nitidum 2 7 1

OPERCULATE GASTROF’ODS
(freshwater and lerrestrial)
Oligyra orbiculata 0
Valvata tricarinata’ 11 27 25 3 3 2 1 0
Pomatiopsis lapidaria 2 1 2 6 12 3 9 5 26 2 3

-

PULMONATE GASTROPODS
(aquatic)

Gyraulus parvus 1?7 8 4
Gyraulus crista 2 |
Promenetus umbilicatelius °]
Planorbella trivolis 1 1 3
Helisoma anceps 2 1
Fossaria parva
Fossaria dallj
Physella gyrina 1
Physeila virgata

-

LN -
NOow

PULMONATE GASTROPODS
(terrestrial)
Carychium exiguum 1
Valionia parvula 0 1
Pupoides albilabris 8
Gastrocopta armifera 3 1 33 0 26
Gastrocopta contracta 2 1 3 0 1" 3 12
Gastrocopta Pentodon 17 5
Gastrocopta tappaniana 10
Gastrocopta procera 4 1 2 3
Gastrocopta cristata 2
Vertigo ovata
Vertigo gouldi 1 3 2
Strobilops texasiana 1 1
Oxyloma retusa 1 2 1 2
Catinella avara 0 3
Succinea ovalis
Discus cronkhitei
Heliediscus parallelus
Heliodiscus singeyanus 1
5 laeve
Glyphyalinia indentata 0
Hawaiia miniscula 1 0
Zonotoides arboreus
Euconulus fulvus
Euconulus trochulus 2 0 1
Euchemotrema leai 0 1 1 1 0
Mesodon thyroidus f

o
~N

=N -an

-
=N

oo

NISP as 46 43 12 39 16 21 7 51 19 150 7 130 17
NISP Total 84 55 55 28 70 157 147




Valvala tricarinala
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found in permanent ponds, lakes, and streams with cold water in Canada and the
northern United States as far southward as Virginia and Nebraska.

Pomatiopsis cincinnatiensis found in lakes and rivers with sand or mud bottoms at frequently at depths

Pomatiopsis lapidaria

Gyraulus parvus

Gyraulus crista

over a meter in southern Canada and the northern United States south to
Utah, Oklahoma, and Pennsylvania.

an amphibious species that is found among wet vegetation and litter along the
shore of ponds and streams. Modern distribution of this species includes extreme
southeastern Canada and the eastern United States westward to South Dakota,
Oklahoma, and Mississippi.

a small aquatic snail that is found in small spring pools and on aquatic vegetation
in slow-moving water in Canada, the eastern United States, northern Mexico, and
the Antilles.

found among dense vegetation in ponds and sluggish streams in Eurasia, Canada,
and the eastern United States from Mexico to Minnesota.

Promenetus umbilicatellus found in temporary pools, marshes, and flood plain pools in western North

Planorbella trivolvis

Helisoma anceps

Fossaria obrussa

Fossaria parva

Fossaria dalli

Physella gyrina

Physella virgata

Carychium exiguum

America from Alberta and British Columbia to New Mexico.

found in ponds, slow-moving streams, and lakes with some submerged vegetation
and mud substrate in Canada, the United States, and Mexico.

a medium-sized aquatic snail that is found in stream-run streams over limestone
gravel in the the Texas Hill Country. This species ranges from southern Canada
southward to Georgia, Texas, and northwestern Mexico.

found in shallow, slow-current bodies of water — including ponds, creeks, and
marshy floodplains — as well as the wet amphibious zone surrounding them. This
species ranges throughout North America from northern Canada southward into
northern Mexico.

an amphibious species that lives in shallow water or out of the water on river
banks, mud flats, and lake shores as well as in marshes in central North America
as far south as Arizona and Texas.

typically found in shallow, clear, slightly-flowing water or in the adjacent
amphibious zone from southern Canada southward to Arizona and Texas.

can be found in almost any type of permanent water body as well as temporary
swamps and pools in central and western North America as far south as California
and New Mexico.

a freshwater gastropod that is found in ponds and streams with slow-moving water
in central and western North America from Nebraska to California southward to
Texas and Mexico.

found in moist, protected habitats that have saturated soil conditions during a
significant part of the year. The modern range of this species is eastern North
America as far south as South Carolina and Colorado.
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Vallonia parvula

Pupoides albilabris

Gastrocopta armifera

Gastrocopta contracta

Gaslrocopta pentodon

Gastrocopta tappaniana

Gastrocopta procera

Gastrocopta cristata

Vertigo ovata

Vertigo gouldi

Strobilops texasiana

Oxyloma refusa

Cafinella avara

Succinea ovalis

Discus cronkhitei

Helicodiscus parallelus

frequently found in grassy areas under rocks and downed wood in the Midwest
and Great Plains as far south as northern Texas (the Panhandle).

a small terrestrial gastropod that is found in a variety of habitats with cover in the
form of wood, rocks, or deep leaf litter in eastern North America.

usually found in open, calcareous habitats in eastern North America, although
some protection from desiccation is necessary, particularly in the southern part of
its range.

occurs in varoius habitats but is usually found in most areas with cover of wood or
rocks with leaf litter in eastern North America.

found in protected woods that are mesic in nature in eastern North America.

found in wooded areas with sufficient cover to conserve moisture in eastern
North America.

a small terrestrial gastropod that is found in rather open, often semi-arid habitats in
eastern North America as long as protective cover is available.

found in open, calcareous habitats, often ones that are quite dry or well-drained in
nature in the southwestern and south central United States.

typically found in wet habitats associated with ponds and swamps in eastern North
America.

may be found in upland woods with thick leaf litter in the northeastern United
States.

another small terrestrial gastropod that is found in mesic microhabitats, often in
subhumid habitats in the southeastern United States. This species is usually found
under downed wood, usually associated with woody vegetation.

found in the amphibious zone bordering marshes and streams in the northern
United States as far south as lllinois and New Mexico.

can be found in habitats that are seasonally very dry, but saturated soil is usually
present for part of the reproductive season in eastern North America.

found on moist wooded slopes and along the margins of streams in the eastern
United States as far south as northern Georgia and Arkansas.

found in moist areas with some form of cover and can be found in woods,
marshes, roadsides, and urban yards in eastern North America as far south as
North Carolina and South Dakota.

usually found in closed woodlands in floodplains and mesic upland slopes in
eastern North America.

Helicodiscus singleyanus a small disc-shaped gastropod that is often found in rather dry habitats with a

minimum of cover objects in eastern North America.
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Deroceras laeve small gray to brownish slug that is found in protected habitats underneath rocks or
downed wood, under which it may burrow to deeper soil layers with sufficient
moisture. This species may also be found around the margins of wetlands —
marshes, ponds, or small streams — where it may actually enter the aquatic
habitat to forage and absorb water. This species is found in Eurasia and North
America.

Glyphyalinia indentata found in floodplain forests and mesic upland woodlands in eastern North America
as far west as eastern Texasn and eastern Kansas.

Hawaiia minuscula found in a variety of habitats with some woody vegetation and associated cover
objects in North and Central America.

Zonitoides arboreus can be found in both floodplain and upland woods in North America.

Euconulus fulvus a terrestrial gastropod that is common in many of the Late Pleistocene and Early
Holocene molluscan paleoassemblages in the central portion of the United States.
Living populations of this species are restricted to the northeastern United States
as far south as the Applachian Mountains with disjunct populations present in
montane habitats of the Trans-Pecos Texas.

Euconulus trochulus found in mesic woodlands over much of the southeastern United States as far
west as west central Texas.

Euchemotrema leai aliceae  found in floodplain and mesic slope woodlands in the southeastern United
States as far west as central Texas.

Mesodon thyroidus occurs in floodplain and hillside forests usually under downed wood in the eastern
United States as far west as central Texas.

Interpretation of Paleoassemblages

Paleoenvironmental interpretations will be presented first for the terrace swale fill deposits followed
by sequential interpretation of the pond margin samples in ascending order from the lowermost available
sample to the uppermost sample. Following these interpretations will be the interpretations of the
paleoassemblages present in the samples from the pond axis.

Terrace Swale Fill

Qa - This paleoassemblage is dominated by aquatic species that indicate the occurrence of
permanent, cold water at this time with the presence of submerged vegetation. A mesic band around the
water body was present for some of the aquatic species that often crawl among the margin of the water.
The terrestrial environment surrounding the water may not have been suitable for terrestrial gastropods.
This paleoassemblage appears to represent an in situ pond, i.e., a permanently inundated swale in the
floodplain of the Trinity River at some time in the Late Pleistocene.
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Pond Margin

B1y (from trench 1C)- This paleoassemblage contains a moderately diverse group of species that
is numerically dominated by Pomatliopsis lapidaria. Very few truly aquatic species are present, but none of
the terrestrial species are abundant. Many more terrestrial species than aquatic/amphibious species are
present, however. A ponded area was present with substantial leaf litter present on the soil around the
margins of the pond. During this time period the pond may have been intermittent in nature. Woody plant
species may have been present as indicated by several of the terrestrial gastropods present in this
paleoassemblage.

B1z (from trench 1A) - This paleoassemblage contains a very diverse group of molluscan species,
and is especially rich in terrestrial species (Table 7.4). Although the number of terrestrial species is high,
the number of indicated terrestrial habitats is somewhat limited. A continuum of habitats from hydric marsh
to moist soil with leaf litter is indicated. Only a few species indicating well-drained habitats are present. A
few species — Mesoden thyroidus, Euchemotrema leai, and Zonitoides arboreus — are typically found in
woodlands with leaf litter and downed wood. The abundance of Pomatiopsis lapidaria indicates the
occurrence of shallow water to mesic, sub-aerial leaf litter habitats that surrounded a smaller, deeper
permanent pool. Several of the aquatic species indicate the occurrence of a shallow marsh with no
indication of submerged aquatic vegetation. The presence of Valvata fricarinata indicates a permanent
pool of cold, well-oxygenated water.

Table 7.4 Summary of Postulated Ambient Conditions Surrounding Aubrey Pond.
Indicated by Analysis of Molluscan Remains from Pond Margin.

STRATA Change in Environment Climate Description
Between Samples ( In relative terms of temperature,
precipitation and effective moisture)

T P EM

B2d cool, low, moist
+ - -

B2b cold, high, humid
- + +

B2a cool, low, humid
+ - +

Biz cold, high, moist
- L +

Bly cool, low, dry

1 T-temperature; P- precipitation; EM- effective moisture
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B2a - This paleoassemblage contains a moderately diverse group of species that is dominated by
terrestrial forms in number of species present, but the most common species is still Pomatiopsis lapidaria.
Additional truly aquatic species indicate that shallow water was present. This body water may have been
intermittent (or possibly just smaller in size), but the substrate remained moist. The terrestrial species
present indicate abundant leaf litter and cover objects, probably wood, on the surface of the saoil.

B2b - Species diversity is moderately high in this paleoassemblage, but the number of terrestrial
species is considerably reduced from the lower sample (discussed immediately above). Aquatic species
present indicate the occurrence of shallow marsh habitats with submerged aquatic vegetation abundant
surrounding a deeper pond of cold water. Marsh margin and mesic leaf litter habitat was present, but the
typically marsh-dwelling pupillids are not present in this palecassemblage. The most abundant species
present in this paleoassemblage is Pomatiopsis lapidaria. Significant in this paleoassemblage is the return
of Valvata tricarinata, a cold spring indicator species that is absent from the above paleoassemblage.

B2d - This paleoassemblage exhibits a moderate diversity of terrestrial species, and a slight
increase in diversity of aquatic species in comparison to the above sample (stratigraphically below this one
in column). Both eastern (Mesodon thyroidus and Euchemotrema leai) and western/boreal (Gastrocopta
arminfera, Succinea ovalis, Vertigo gouldi) mesic-adapted species are still present. The aquatic species
represented in this paleoassemblage indicate the occurrence of a spring pond that was surrounded by a
well-developed marsh with submergent vegetation. The limited nature of the marsh margin may have been
the result of steep-sided margins of the topographic depression.

Pond Axis

B1b - This paleoassemblage is almost completely dominated by aquatic species. Two terrestrial
species and the amphibious Pomatiopsis lapidaria are present but are represented by very few individuals.
The aquatic species present indicate the occurrence of deep, cold water as well as shallow marshy areas
with submergent vegetation. The site of this sample was permanently inundated by water.

B1c - This paleoassemblage is similar to the one discussed above but contains no terrestrial
species. Pomatiopsis lapidaria is present only in very low numbers. The environment indicated is a totally
aquatic system, possibly with steep sides that allowed little or no existence of a mesic terrestrial margin.
Certainly, there was very little postmortem downslope creep by shells of terrestrial species, if present.

B-2 - Dominated by aquatic species, this paleoassemblage indicates the existence of a cold water
spring with broad, shallow margins in the pool. A definite hydric margin existed around the pond, allowing
the presence of a limited number of terrestrial species in hydric marsh and slightly wooded habitats.
Significant is the presence of an austral species, Oligyra orbiculata, in this paleoassemblage (although only
one immature shell was recovered). The occurrence of shells of several terrestrial species in this sample is
probably an indication of a somewhat smaller pond of cold water (also indicated by the reduced number of
Valvata tricarinata).

C1 - The limited number of species and individuals present in this paleoassemblage indicates a
small, intermittent pond. No truly aquatic gastropods are present, and the single bivalve species present
(Pisidium casertanum) can survive surface desiccation of temporary water bodies. The terrestrial species
present are either austral in zoogeographic affinity or are wide-ranging species.
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C2 - This paleoassemblage is again almost totally composed of terrestrial species with only a few
amphibious species present (Table 7.5). An intermittent pond (probably smaller than the C1 pond) was
present. A very mesic terrestrial margin was present and may have contained woody plants. This
terrestrial margin was probably subject to seasonal desiccation, but thermal stress was still not critical. At
least one boreal species (Discus cronkhitei) was still present.

Table 7.5 Summary of Postulated Ambient Conditions Surrounding Aubrey Pond.
Indicated by Analysis of Molluscan Remains from Pond Axis.

STRATA Change in Environment Climate Description
Between Samples (In relative terms of temperature,
precipitation and effective moisture)

2 P EM

E2 warm, low, dry
+ - -

E1 cool, medium, moist
= + +

c2 warm, low, dry
+ - -

c1 warm, low, dry
+ - -

B2 cool, medium, moist
ks + +

Bic cold, low, moist
- - +?

B1b Cool, medium, dry

1 T-temperature; P- precipitation; EM- effective moisture

E1 - This paleoassemblage contains a moderately diverse group of species and is dominated by
terrestrial species. The amphibious species Pomatiopsis lapidaria is abundant; the few aquatic species
present in this paleoassemblage are quite rare. The pool present during this time period was undoubtedly
seasonal in size, but a small permanent, cold-water “core” pool was present. Substantial marsh margin
with moist leaf litter is indicated.

E2 - The paleoassemblage from this layer is very similar to that frome E1, although the “core” pool
was reduced in size, being very shallow and possibly with slightly warmer water temperature. The
immediate terrestrial environment around the site was quite similar.
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Discussion

In an attempt to easily discuss rather complex set of paleoassemblages from a single site through
a significant period of time, the samples have been grouped again into floodplain swale, pond margin, and
pond axis samples. Samples from these two groups will be discussed in temporal sequence beginning with
the oldest samples. Subsequently, a synthesis of the information presented and an overall discussion of
the results of the analysis of the paleomolluscan samples from this site will be presented.

Significance of the Floodplain Swale

Although sequential samples are not available from this site and the actual date of the deposit is
only known in a very relative scale, the paleoassemblage from the floodplain swale is significant in relation
to the pond samples. From relative position in the landscape of the fluvial deposits associated with the Eim
Fork of the Trinity River in this area, the floodplain swale probably dates to approximately 25,000 B.P. The
requirement for slightly moving or very “clean” water by several of the aquatic species present indicates that
the swale was likely filled with groundwater during a time of high water table elevations. Slight downslope
movement by the groundwater would be sufficient to keep the water “clean.” Groundwater temperatures
were low as indicated by the abundance of Valvata fricarinata.

Temporal Changes in the Pond Margin

Five samples are available from deposits interpreted as pond margin: two samples from stratum
B1 and three samples from stratum B2.

The two samples from stratuim B1 are from a period between 15,000 and 13,800 B.P. The lower
sample, B1y, indicates an environment with a wide area of moist to intermittently inundated habitat that
supported a dense population of the amphibious gastropod, Pomatiopsis lapidaria. The terrestrial zone
supported a divere, but low-density fauna of several species of terrestrial gastropods. The sample from
B1z indicates a slightly different environment with increased diversity and density of both terrestrial and
aquatic/amphibious species. P. Lapidaria is much more abundant in B1z than in B1ly. Comparing these
two samples from B1 to determine the environmental differences between them is hampered somewhat by
their origin in slightly different locations in the pond margin. Sample B1y came from trench 1C at depth of
87.15-87.10, whereas sample B1z came from trench 1A at a depth of 87.28-87.16. These two samples
may indicate horizontally variability between two essentially contemporaneous samples. On the other hand,
temporal differences in spring flows may also have been involed, although the direction of change is
somewhat problematic. The increase in abundance of P. Lapidaria indicates a broader amphibious zone,
which could result from either a higher or lower pond surface level, depending upon the shape of the
bottom slope of the pond. However, the increase in terrestrial habitat area indicates that a lower pool level
is the more likely explanation. The appearance of the cold-water indicator species, Valvata lricarinata,may
indicate that less water occurred in the pool but that the water temperature was slightly lower.

The three samples from B2 encompass a rather short period of time from 13,800 to 12,000 B.P.
Sample B2a is rather similar to sample B1z, although a few less terretrial species are present. Aquatic
species diversity is increased and the abundance of Pomatiopsis lapidaria decreased significantly (although
it is still quite abundant). Sample B2b contains still fewer terrestrial species, maintains a moderate diversity
of aquatic species, and also reveals the relative abudance of the cold-water indicator, Valvata tricarinata.
Sample B2d exhibits an increase in species number for both terrestrial and aquatic species, although V.
Tricarinata becomes rather rare. These patterns in relative species abundance probably indicate an
apparent decrease in available moisture from B1z to B2a, followed by a rise in pond elevation by B2b, and
followed subsequently by a slight drop in pond elevation in B2d. A slight rise in pond water temperature is
suggested by the near loss of Valvata fricarinata B2d.



100
Temporal Changes in the Pond Axis

Seven samples are available from samples interpreted as representing pond axis deposits: two
samples from stratum B1, one sample from stratum B2, two samples from stratum C, and two samples
from stratum E (Table 7.5).

The two available samples from stratum B1 again represent some time period between 15,000 and
13,800 B.P. The lowermost sample, B1b, indicates the occurrence of a well-developed pond containing
cold water with submerged vegetation. Very few shells of terrestrial species were recovered, indicating the
permanance of the water and negligible input of shells from the terrestrial environment via downslope
movement, By comparison, sample B1c contains no shells of terrestrial species and approximately the
same number of aquatic species, although the species composition is slightly different. The presence of
Promenetus umbilicatellus indicates the occurrence of temporary water, e.g., vernal ponds, but the
continuing relative abundance of Valvata tricarinata indicates the presence of a permanent cold-water
pond. Perhaps, the pond was larger but somewhat more variable in volume than in Bic. Sample B2 is
somewhat similar to sample B1b in the presence of a few uncommon terrestrial species with a moderately
diverse aquatic fauna. However, the relative rarity of V. Tricarinata (the beginning of a trend seen in
subsequent samples) indicates that either the water supply was less dependable or experienced a
moderate increase in temperature. Also of signifigance in B2 is the appearance of Olygyra orbifculata, an
austral species with requirements for warmth and well-drained soil.

The samples from stratum C (approximately 12,300 to 13,300 B.P.) indicate major changes in the
local environment. Overall, the number of both terrestrial and aquatic species are reduced, but the
terrestrial species present indicate the occurrence of hydric soil conditions in subaerial habitats. The only
abundant “aquatic” species, Pomatiopsis lapidaria, actually indicates the occurrence of seasonally wet leaf
litter. Sample C2 contains the same aquatic species, but the terrestrial fauna is significantly more diverse
and indicates an increase in the amount and diversity of the terrestrial environment. Both marshy and
mesic terrestrial habitats are indiated with the likelihood of some woody vegetation being present. The most
significant environmental change in the pond axis at this time appears to a major reduction in total flow or a
significant increase in the seasonality of outflows of groundwater at this site. In either case, a catastrophic
(to some of the molluscan species present) failure of groundwater supply is indicated.

The two samples from stratum E (approximately 10,950 to 10,500 B.P.) complete the molluscan
paleoassemblages available from this site. Sample E1 indicates the existence of a diverse, well-developed
terrestrial environment that surrounded a depression that was likely a small permanent pond surrounded by
a vernal zone with some submerged vegetation. A broad population of Pomatiopsis lapidaria. Sample E2
contains a paleoassemblage similar to E1. However, variations in species presence and relative
abundance of some species present in both samples indicate the occurrence of a significant loss in
effective moisture, probably due to a warming trend between the two samples.

Synthesis of Results

Climatic Reconstruction at Aubrey Site From Molluscan Paleoassemblages

Molluscan remains in paleoassemblages are first line habitat proxies that can be used to
reconstruct environments of the Holocene and Pleistocene. Strictly speaking, molluscan remains are not
direct climatic proxies, although they have been use to reconstruct past climates during several decades of
plaleomolluscan studies. However, once the various paleoenvironments have been described and the
environmental changes between successive samples have been summarized, the climatic changes that
caused the observed changes in the reconstructed paleoenvironments can then be investigated. Even so,
the secondary nature of this climatic reconstruction must be kept in mind as the climatic reconstructions are
formulated.



101

Postulated relative changes in temperature, precipitation, and effective moisture/relative humidity
are presented in Tables 7.4 and 7.5 for the samples from the pond margin and pond axis, respectively.
The direction of the changes in these three environmental parameters were estimated after a comparison
of successive paleoassemblages, particularly in reference to moisture requirements for the terrestrial fauna
and water temperature and dependability requirements for the freshwater species. The direction of change
(+ or -) is from the earlier sample to the later sample for any pair of successive samples.

Admittedly, this analysis is somewhat subjective, but restriction of the results to direction of change
without quantitative estimates of change will mitigate a large part of this subjectivity. The directions of
changes were determined following an outline classification of the successive reconstructed habitats that
concentrated on amount and permanence of surface water, amount mesic amphibious zone, abundance of
terrestrial species that occupied the high-humidity zone surrounding the pond, and amount of woody
vegetation indicated by certain terrestrial species. The oldest sample was characterized to climate in
relation to the modern climate of the Aubrey area and the geographical areas now occupied by those
species no longer extant in the Aubrey area. Successive climates were characterized in relation to this
initial climatic characterization.

Table 7.6 Summary of Postulated Ambient Environmental Changes for Aubrey Pond.
(Tables 7.4 and 7.5 combined)

STRATA AGE Climate Description Overall environmental change
between successive samples and
habitat effects

E2 10,300 bp warm, low, dry

increased temperature, decreased
rainfall and humidity

E1 11,000 bp cool, medium, moist
decreased temperature, increased
rainfall and humidity; groundwater
recharge

Cc 12,300 bp warm, low, dry
increased temperature, decreased
rainfall and humidity; failure of
groundwater supply

B2 13,500 bp cool, medium, humid
increased temperature, rainfall
and humidity

B1up 13,600 bp cold, low, moist
decreased temperature and rainfall;
increased humidity

B1low 14,200 bp cool, moderate, dry

1 T-temperature; P- precipitation; EM- effective moisture
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An additional source of uncertainty in using this technique in analysis of the Aubrey pond area is the
lack of completely paired samples between the two habitat types. In the lower portion of the section
samples are available from both habitats but later samples are only available from the pond axis habitat
(although the upper section is at a time when the pond was disappearing and the previous pond axis had
become the pond margin). The lower portion of the section then provides two estimates of climatic change
from roughly separate data sets. The trends listed in Tables 7.4 and 7.5 are then combined with weighting
being taken into account for the relative amount of information from terrestrial and aquatic systems. The
resulting trends are presented in Table 7.6 along with approximate radiocarbon ages and habitat effects.

Effect of Environmental Change on Molluscs at Aubrey Site

The truly boreal element among the molluscan species recovered from samples at the Aubrey Site
suffered local extirpation in the Late Pleistocene. These species did not survive into the Early Holocene.
The boreal aquatic species — Valvata fricarinata and Gyraulus crista — survived no later than about 13,500
B.P. The extirpation of the local populations of these psecies resulted fromloss of groundwater supply that
was accompanied by an increase in ambient temperatures, and quite likely also that of the groundwater.
Two boreal terrestrial species, Discus cronkhitei and Vertigo gouldi, survived until approximately 12,300
B.P., indicating that an increase in the air temperature and evaporative power probably eliminated suitable
habitat (marshy, hydric soil with woody or leaf litter cover) in this area. The other boreal terrestrial species -
Succinea ovalis — apparently was extirpate as early as 13,000 B.P., probably from decreased moisture
levels in surface soil due to increasing temperature and fluctuating moisture availability (loss of surface
cover objects could also have been significant).

The return to cooler conditions between 11,000 and 12,000 B.P. probably occurred too late to save
the boreal element and some of the mesic element of the terrestrial gastropod fauna in the area of the
Aubrey Site. Dispersal routes between the nearest populations and the Aubrey Site area were probably not
suitable for migration of these slow-moving species. Although aquatic species may make rapid geographic
progress via avian phoresy, suitably cold, permanent ponds were not present in this general area. Local
recharge of groundwater occurred and the cold-water species, Valvata tricarinata, was able to experience
an increase in population with an amelioration of the ambient temperatures and moisture stress. However,
this recovery was short-lived and was followed by local and regional extirpation, although the timing of the
extirpation in this area awaits the analysis of suitable deposits from the early Holocene in this region.

Local Nature of Paleoenvironmental Reconstruction From Molluscs at Aubrey

The length of the discussion of the molluscs recovered from various sediments at Aubrey indicates
that this author believes that these shells are of value as direct habitat proxies and indirect climate proxies at
this site. However, all of the analyses presented in this discussion can only be applied to the restricted pond
environment and whatever terrestrial habitats existed in the apparently restricted drainage basin of this
pond. The molluscan habitats at this site were so controlled by the availability of emergent groundwater
thtat little, if any, paleocenvironmental conclusions about the general environment of the area an be
formulated with any degree of accuracy. Therefore, | present no conclusions about the likely vegetational
communities and climatic conditions about the region of north-central Texas during this time period.
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CHAPTER 8

VERTEBRATE FAUNAL REMAINS FROM
THE AUBREY CLOVIS SITE

by

Bonnie C. Yates and Ernest L. Lundelius, Jr.

Introduction

A total of 22,617 fragments of animal bone were examined and recorded from the Aubrey Clovis
site. The bones were recovered from excavations in a heavy clay matrix or were found eroding from the
surface exposures. Preservation at the site was exceptional, given radiocarbon ages spanning the last
12,000 years, but the bone became friable upon exposure to air and light and the only workable recovery
methods (see below) inevitably added to the fragmentation. Therefore, only about 12% of the total bone
was identifiable to the level of vertebrate class or lower. Higher percentages were seen in some excavated
areas.

Excavations were conducted at seven loci within the site's boundaries (see Figure 2.6). In Area A,
there are three loci that produced faunal remains:

Locus "AS" — From Stratum C1d in the spring-lacustrine marls at the western margin of the locality. These
are the oldest bones from the Aubrey site, estimated to be ca. 12,300 - 13,300 BP, based on
bracketing radiocarbon ages.

Locus "Pond Axis" — From Strata C2 and E in the pond axis (Block A). These lacustrine deposits
produced the largest part of the faunal sample. These materials are younger than bones from the
spring locus, and include those of Clovis age. The Clovis occupation surface corresponds with the
C2-E1 contact in the pond axis (see Chapter 3).

Locus "Red Wedge" — While stratigraphically correlated with the C2-E1 contact in the pond axis, the
deposition and preservation qualities here are different, indicating that the bones lying in the
upper part were buried more slowly after Clovis occupation. Weathered bison bones come from
this area and most likely represent a kill site.

Area B has been designated a Clovis camp locus. Itis located at the eastern margin of the pond about
60 m from the pond axis. The majority of lithic artifacts and burned bone occur here.

Area C is an extension of Camp B across the outlet channel for the dam. Bones were buried quickly, and
may have been affected by minor slope wash and some vertical bioturbation by crayfish.

Area F has been designated as another Clovis camp, situated on the west bank of the Clovis paleoriver
about 100 m east of Camp B. Faunal densities are lower than in Camp B, and there are significant
compositional differences as well. Mammoth ribs have been excavated over the past years as they
erode from the deposits of the ancient river bank. They were first found over a year after the
fieldwork stopped at the site.
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Methods

Standard zooarchaeological methods were used to retrieve, sort, identify, curate, and report on the
animal bones recovered from Aubrey. The term animal bone is used for all residue of vertebrate animals,
including teeth, otoliths, and exoskeletal elements, such as scales and scutes. The bones were initially
processed in the field during the course of excavation. Each quad of each level was soaked in its matrix,
which in most instances contained a high proportion of clay. The quad load was washed through quarter-
inch and window screens at the site, using pumped channel water. The resultant recovery samples were
dried and organic (faunal and floral remains), as well as any cultural items, were hand picked from each
sample. The animal bones were initially identified and quantified by Yates in the Institute of Applied
Sciences' Zooarchaeology Laboratory (ZL) at the University of North Texas, and subsequently the extinct
faunas were examined and all findings were verified by Lundelius at the Museum of Vertebrate
Paleontology at the University of Texas.

All material examined was encoded for computerized data management. Unidentified fragments
were divided into unburned and burned categories and counted. The attributes of identified elements were
recorded as taxon, body part, side of body, element portion, age, condition (burning), modification, and
taphonomic appearance. Species and attribute codes follow the protocol developed at the ZL, but the
databases were manipulated and queried using the dBase support program developed for Shaffer and
Baker (1992) and also the SAS (1978) statistical programs available at the UNT computing center. For this
report, quantification of faunal assemblages is summarized as the number of identified specimens per
taxon (NISP) calculated for each locus.

The faunal data tables consist of standard species lists, providing for each analysis unit a count of
elements (NISP) attributed to each taxonomic category. An appendix has been generated to itemize the
skeletal elements attributed to each taxon, following standard paleontological practices. All faunal data will
be curated with the collections.

The comparative skeletal collection at the ZL (Institute of Applied Sciences, University of North
Texas) was adequate for most of the identifications of the animal bones. Because of the paleontological
components involved, the material was also examined by Dr. E.L. Lundelius, Jr. at the Vertebrate
Paleontology Laboratory, University of Texas in Austin. His observations and commentary will be
appended. Osteological nomenclature and reference to standard osteological keys follows such texts as
Olsen (1960, 1964, 1968), Gilbert et al. (1981), Hillson (1986), Schmid (1872), and Sisson and Grossman
(1953).

Only positive identifications resulted in assigning elements to genus or species. Higher taxonomic
assignation was used otherwise in order to provide an estimate of the type of faunal presence represented
by fragmentary remains. Elements of non-diagnostic skeletal value (e.g., ribs, long bone shafts; see Olsen
1961) are tabulated in what is called a "indeterminate” ("Indet.”) category by class and size range.
Recording these bones in a size category allows as fine a level of observation as the specimen permits;
otherwise, the specimen would be considered unidentifiable ("Vertebrate unid.”). In small samples, noting
size categories of non-diagnostic elements and non-specific taxonomic categories broadens the utility of the
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derived from pig, deer, elk, cattle, bison, horse, or larger (megamammals). Or the entry "Deer/Pronghorn”
is used to account for those elements, which especially in fragmentary conditions, are not diagnostic for
either species; however, their overall morphology restricts them to those artiodactyls (notably present in
archaeological assemblages) of the size and confirmation of deer and/or pronghorn, as opposed to elk or
bison. The intent is to provide a taxonomic assignation as close as possible and yet conservative, given the
fragmentary nature of archaeological faunal remains.

Other factors affecting conclusions that can be gleaned from zooarchaeological investigations
include all of the forces that have acted upon the assemblages prior to recovery. These forces affect the
distribution, state of degradation, and composition of faunal assemblages and may be divided as
attributable to human and nonhuman agents (Baker et al. 1991). Nonhuman forces that alter bone were
noted as root-etching, weathering cracks, and chemical dissolution. The study of these taphonomic forces
may also shed light on site formation processes, such as duration of stable surfaces, rapid burial, leaching,
etc. (Ferring 1989a; Yates 1991; 1993).

To accommodate multiple manifestations of taphonomic forces, a suite of descriptors (codes)
were used. For example, if a bone were root etched and gnawed, a single code was used that accounted
for both effects. Although recorded for each identified bone, taphonomic effects on the remains of the
large mammals were deemed by the investigators to have bearing on the interpretation of the site.

Cut marks and other forms of human alteration of bone (other than burning) were coded when
encountered under a separate heading called "Modification.” These observations served to note whether a
bone had been modified and/or used as a tool; exhibited striations or abrasions that might indicate tool
manufacture; had cut marks suggestive of carcass processing (i.e., skinning, dismemberment, or filleting
cuts); other processing indicators (i.e., spiral fractures, charred breaks); or combinations of these
characteristics. Analysis of cut marks and attribution to steps in carcass processing were made following
Binford's human modes of bone modification (Binford 1981:Table 4.04).

Fragmentation and burning are the most notable conditions found in the Aubrey bone
assemblages. Both affect how many bones survive to be identified. While charring may alter the moisture
content and improve the cohesiveness of the bone matrix, complete calcination may render the bone
subject to pulverization, and incineration renders bone into ash. Therefore, there is a continuum of burn
conditions in any archaeological faunal sample that stem from a variety of human behaviors and site
formation processes. Similarly, a variety of causes of bone fragmentation (cultural and natural) have been
at work on a bone sample: marrow extraction, bone grease rendering, gnawing, trampling, compaction,
weathering, etc. The elements that get identified have often been through one or several of these
processes and activities.

Destruction by either human or nonhuman agents is a constant in zooarchaeology that can be
linked to taphonomy and preservation. These factors must be considered as part of the faunal interpretation
because they directly affect the sample that ultimately gets analyzed. For example, the bones of small
species of fish, amphibians, reptiles, and birds can rarely withstand processing, scavenging, digestion,
and/or deposition without total disintegration or decimation. This introduces a strong bias in favor of
mammalian remains, which by virtue of size tend to survive better than other vertebrates. For humans,
larger mammals are most cost effective to procure. Nevertheless, conscientious effort to recover,
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Table 8.1 Identified Fauna from the Aubrey Site

TAXON

CLASS OSTEICHTHYS

Lepisosteus sp. (gar)*

Amia calva (bowfin)*
Catastomidae (sucker)”
Ictaluridae (catfishes)®
Centrarchidae (sunfish/bass)*
Aplodinotus grunniens (drum)*
Fish, indet. fish - small *

Fish, indet. s

CLASS AMPHIBIA

Anura (indet. toad/frog)®
Caudata (indet. salamander)®

CLASS REPTILIA

Chrysemys/Trachemys sp. (pond turtle)”*

Terrapene carolina (box turtie)®
Kinosternidae (mud/musk turtle)®
Trionyx sp. (soft-shelly*

Chelonia (indet. turtle)

Lacertilia (indet. lizard)

Nerodia sp. (watersnake)®
Colubridae (non-poisonous snake)
Viperidae (viper)

Serpentes (indet. snake)

CLASS AVES

Anseriformes (waterfowl)A
Cathartidae (vulture)

Colinus virginianus (bobwhite quail)®
Passeriformes (perching birds)

Bird, indet. - small

Bird, indet. - medium

CLASS MAMMALIA

Soricidae (shrews)

Scalopus aquaticus (eastern mole)®
Mephitis mephitis (skunk)®

Camivora (indet. carnivore)
Spermophilus sp. (ground squirrel)®
Sciuridae (squirrel)

Reithrodontomys sp. (harvest mouse)

LOCUS
As' Ap AW B e F
. 2
1
2
. 1
1
1
. 5 4
* 1
" 1
1
1
5 * 66 142 56 7
. 5 1
. 1
2 " 5 16 1
1
2
. 1
. 1
4 1 1
2 L]
4
2 . 1
1
1
12

Peromyscus cf. maniculatus (white-footed mouse)
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As' Ap Amw B c F

Oryzomys palustnis (rice rat)? *

Sigmodon hispidus (cotton rat)® * 6 2
Neotoma sp. (woodrat) 1 2
Microtus sp. (vole) 8 ) r 19 7 1
Synaptomys cooperi (lemming)® 1 . 1 1

Ondatra zibethicus (muskrat)* 2 3
Perognathus sp. (pocket mouse)® 2

Dipodomys sp. (kangaroo rat)®

Geomys bursarnius (plains pocket gopher)® « 23 23 14 18
Rodentia (indet. rodent) 8 “ 18 57 -] 11
Sylvilagus floridanus (eastern cottontail)® 1 3 3

Lepus cf. californicus (jackrabbit)® 1 1

Leporidae (rabbit) 1

Glossotherium harlani (Harlan's ground sloth)® : 1

Equus caballus (horse)® ¥

Platygonus sp. (peccary)® 23

Odocoileus cf. virginianus (white-tailed deer)® o 16 6
Odocoileus/Antilocapra (deer/pronghormn) *

Bison cf. antiquus (bison)® % 5 3

Mammuthus sp. (mammoth)® 3 4
Mammal, indet. - small 6 ¥ 5 97 46 16
Mammal, indet. - medium 1 -~ 1 107 1 8
Mammal, indet. - large % 52 252 37
Total identified 66 208 782 152 13
Total unidentified 1843 1916 200 215

1 Key to Loci: As = Area A Spring Ap = Area A Pond Arw = Area A Red Wedge B=CampB
C=AreaC F=CampF

2 See Tables 8.2, 8.3 for data by stratigraphic unit

Key to Habitat Types: A = Aquatic R = Riparian G = Grassland E = Edge (woodland/grassland)

examine, and record as much information as possible was expended on the Aubrey fauna in order to draw
from it some picture of subsistence activity from this important early site.

Environment and Faunal Resources

Located in the upper Trinity River valley, the Aubrey site is found in the modern juncture of the
easternmost Texan and western edge of the Austroriparian biotic provinces of Blair (1950). The Texan biotic
province is a vast ecotone between the eastern deciduous/pine forests and the true prairies of the Southern
High Plains. Blair (1950:99) emphasizes that the boundary of the Austroriparian is somewhat arbitrary and
that its characteristic ecological associations "extend beyond this boundary in some local, edaphically
favorable areas.” These favorable areas are those in which the soils and moisture are conducive to forest
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habitats, which is essentially what is found in the riparian zones along the creeks and rivers of this part of
Texas. In prehistoric times, this region is thought to have been much the same as now, characterized as an
ecotone in which forests and grasslands shrank or enlarged as moisture regimes fluctuated (Collins and
Bousman 1990). This tendancy surely perservered from even earlier imes, perhaps as far back as the end
of the Pleistocene.

The animal life in these areas is marked by diversity, if not abundance, because of the extent and
variety of edge-type habitat. Edge habitats are those where forest meets meadow or along river and creek
banks or at the interface of floodplain and upland. Hunters and gatherers in these locales have a wide
variety of animal and plant foods for exploitation. Seasonal collecting forays would be generally small in
maximum distance because there is usually something available in one or more of the multiple microzones
that exist in edge habitats.

Faunal Remains

Area A Spring Sediments

The oldest faunas recovered from the Aubrey site were found in the spring sediments (Stratum B2)
of Area A (Table 8.1). Given the age of the deposit (bounded by radiocarbon ages of ca. 13,275 and
12,330 yr bp), the material was in very good condition.

The sample is small, however, with only 66 elements that could be identified to vertebrate class or
lower. Most notable are the 23 elements attributable to a sub-adult peccary of the genus Plafygonus. The
elements consist primarily of foot and lower leg bones (astragalus, metapodials, phalanges). Platygonus is
known from Levi Rock Shelter in central Texas (Anderson 1963) with an age of about 10,000 yr bp. Other
occurrences range from Pennsylvania to South Dakota, with ages from 34,000 to 4,000 years bp (Meltzer
and Mead 1985: Table 1).

The avian remains from the Spring are unique for the site. Two entirely different forms were
identified: waterfowl and raptor. The waterfowl is a small duck, such as a teal, but the raptor is a large
vulturine bird. Finding duck remains in a spring-fed pond seems appropriate to the setting. However,
vulture remains are not common, except in boggy situations where they become entrapped while
scavenging off carcasses mired in the same substrate. Tar pits such as La Brea have large numbers of
vulturine and other scavenging birds, but occurrences in Texas sites are extremely rare. It is tempting to
imagine that the dead peccary attracted the vulture, but cause of death of either animal is not detectable.

The remainder of the identified remains are fragmentary and very small. Turtle shell, snake
vertebrae, and small mammals comprise these remnants. The shrew, small squirrel—possibly a ground
squirrel, and microtine rodents, as burrowers, may have become associated with sediments that filled in the
spring upon drier conditions. The only exception perhaps is the lemming (Synaptomys cooperi), a denizen
of bogs and moist meadows, now relegated to more northern climates (Lundelius 1989).
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Area A — Red Wedge

A total of 2,051 bone fragments were recorded from the Red Wedge (Table 8.1), which is about
10% of the total bone from Area A. The identified assemblage is dominated by turtle shell, rodents, and
large mammal remains. There are at least two different kinds of turtles, a small musk or mud turtle
(Kinosternidae) and a larger aquatic turtle, probably of the genus Chrysemys (Trachemys). The rodent
remains are predominately fossorial types and therefore may be intrusive, not associated with the cultural
material. Other rodents and the rabbits, however, are large enough to have been caught during passive
foraging activities.

The bison bones and other large mammal elements (which may also be bison remains) constitute
almost one-third of the identified material from the Red Wedge. A piece of mandible with a first molar
present was found in unit 1725; the wear pattern on this molar is consistent with bison about 2.0 - 3.5 years
age at death (after Frisonand Reher 1970). Several vertebrae fragments and an adult distal humerus
fragment were recovered; however, age could not be determined from these fragments to see if they were
from an animal of the same age.

Between 1991-1994, several other bones and two chert blades were found eroding from the Red
Wedge sediments, and a bison scapula was found just below the distal edge of the red wedge in the pond
sediments. These materials were mapped and removed. The bison bones document a second animal from
this location, as decribed below.

The left calcaneus of a subadult bison was recovered. The proximal epiphysis is unfused to the
body of the bone indicating the animal was immature. A proximal epiphysis of a calcaneus was recovered
in the proximity to the calcaneus, but not be directly articulated with it. Due to fragmentation and post
depositional rounding that has altered the original surfaces, the calcaneus body and epiphysis could not be
directly articulated, although it appears that they are of the same bone.

Several additional small bone fragments were recovered that could possibility be portions of the
proximal epiphysis of the calcaneus, but were too fragmented for exact identification or articulation.

The distal extension of the calcaneus sustentaculum for articulation with the fourth tarsal was
broken from the body of the calcaneus, but this portion was recovered and articulates exactly.

One complete left astragalus was recovered that articulates with the calcaneus and most likely is
from the same sub-adult bison. These bones were found within a few cm of each other, buried on the
surface of the red wedge.

An additional large bone fragment was recovered adjacent to the previous two that appears to be
the lateral, posterior corner of the proximal end of a bison left metatarsal. Fragmentation and destruction of
surface landmarks precludes a positive identification. While the epiphysis is fused, the epiphysis on this
bone fuses early in life and therefore could potentially be affiliated with the subadult calcaneus and
astragalus.
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Two additional bone fragments were recovered with the metatarsal that were unidentifiable
specimens from a large animal, perhaps in the deer or bison size range.

The bison scapula is complete, and is from a mature bison. It was crushed in place, but was
otherwise intact. It's long axis was perpendicular to the red wedge slope.

Comments: Taphonomy

All of the specimens recovered exhibit post depositional alteration, mostly resulting in superficial
degradation of surficial features, apparently due to moisture and possibly post depositional movement
resulting in abrasion or rounding of some features. While the bones were recovered from an exposed
surface, there is no indication of prolonged surface exposure with the exception of some bleaching and
surficial cracking that all appears to be the result of the recent exposure and not the result of exposure
prehistorically. The specimens are stained, apparently by the minerals present in the surrounding clay
matrix. This clay has become incorporated into virtually all negative space features, such as fossae or
grooves, normally present on the bone surface.

All fragmentation observed is dry-bone fragmentation indicating that the breaks occurred after the
bones had lost collagen. This most likely occurred during post depositional processes.

There is no indication of intentional human exploitation on the elements such as burning, spiral
fracturing or dynamic impact marks, or cut marks, although cut marks would have been difficult to identify
given the condition of the bone surface. An exception to this is the apparent hammer-anvil fracture of a
bison distal humerous.

Only 5% of the total recovery was burned bone. Turtle shell was the only identified burned bone.
No cut marks were detected, and no activity areas were discernable in the distribution of faunal remains.
However, such activity areas would be difficult to recognize, given the minimal exposures of those
sediments. The presence of three blades amongst the bison bones on the red wedge, and the ancient well
that was found there are discussed later in Chapter 9.

Area A — Pond Sediments

The 17,077 remains of fauna from the Pond Sediments (Tables 8.1-8.3) are best examined as
accumulations in the slowly aggrading pond. The lower stratum, indicated as C1 in the tables, was
deposited prior to Clovis occupations at Aubrey. The diversity of taxa identified in these strata is not great.
No fish and few non-mammals are identified except to the level of order (i.e., Caudata, Chelonia,
Serpentes) or higher in this lowest stratum. Preservation is of course a factor, but as was seen in the Spring
sediments, age alone does not affect preservation since well preserved extinct fauna was recovered there.
Here on the bottom of the pond, the paucity of remains may reflect genuine low diversity; otherwise, fish
remains should at least be present. Mammals are restricted to vole and undiagnostic rodent remains.
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Table 8.2 Bone from Pond Sediments, Area A.

STRATUM

C1 c2 C2/E1 E1 E1/E2 E2 Surface

TOTAL 151 811 972 14006 12 908 217

% ldent. 14 13 12 8 25 8 15

Unidentifiable

Large

Unburned 10 69 99 2931 0 123 151

Bumed 0 2 5 183 0 4 2
Small

Unburned 114 603 720 9742 9 697 0

Burned 6 36 29 105 0 9 32

% Burned 4.6 54 4.0 2.2 0.0 16 18.4

Strictly speaking the C2/E1 contact was the surface during Clovis occupations. Trampling, soil
cracking, and weight accumulation of sediments could accomodate intrusion of some bone fragments into
the layers just below the original occupation surface. This could account in part for the gradual increase in
diversity of taxa and overall amounts of bone from C2 to E1 (Table 8.3). However, the bone from Stratum
C2 are at face value older than the Clovis age materials above them.

The total amount of bone from Stratum E1 alone accounts for 76% of all bone from the Pond and
constitutes the most diverse assemblage of vertebrates from the entire site, especially when considered
with the material recovered from the contact zone (Table 8.3). Easily the mostimportant animals
represented in this stratum are the large mammals: ground sloth, deer, and bison. While all three are also
found in Camp B, deer is under-represented in the Pond sediments and sloth is under-represented in the
Camp. This suggests that deer may have been taken whole back to the Camp, leaving only a toe bone
and a tooth as identified fragments at the kill site (the Pond). Interestingly, these meager amounts of bone
speak loudly. The toe bone (2nd phalanx) is from an adult, and the tooth is from a neonate; therefore, a
minimum of two individual deer are indicated from these two bones.

The only identified remains of ground sloth are 135 dermal ossicles, all but one of which were
found in the pond sediments, and that stray one was found in Camp B. These small bone pellets are
imbedded in the skin of Glossotherium, it is thought, along the upper chest and shoulders, perhaps as
additional protection against friction in those areas of the body of a large animal. Dermal ossicles were also
recovered from the Kimmswick site (Graham et al.1981; Graham and Kay 1988), and like Aubrey, no other



112

Table 8.3 Number of Identified Specimens (NISP) from Deposits in Pond Axis, Area A

Taxon Stratum”
C1 Cc2 c2/ E1 E1/ E2 Surface™
OSTEICHTHYES

Lepisosteus sp. 1
Ictaluridae 2

Fish, indet. - small 2 1 2

Fish, indet. 3 2 4

AMPHIBIA

Anura 1 1 1 1
Caudata 1 1 4

REPTILIA

Chrysemys/Trachemys sp. 1

Terrapene sp. 8 2

Chelonia 1 35 33 232 2 11 12
Lacertilia 1

Nerodia sp. 3

Colubridae 1 9 3
Viperidae 2 3 1
Serpentes 4 4 4 65 4
AVES

Colinus virginianus 1

Passeriformes 1 2

Bird, indet. - small 3 1 1
Bird, indet. - medium 1

Bird, indet. - large 1

MAMMALIA

Soricidae 1
Scalopus aquaticus 1 50 1
Camivora 1

Spermophilus sp. 2
Reithrodontomys sp. 1

Oryzomys palustris 1

Sigmodon hispidus 1
Neotoma sp. 4

Microtus sp. 6 3 7 76 5
Synaptomys cooperi 1 12

Ondatra zibethicus 1 3

Perognathus sp. 3

Dipodomys sp. 1

Geomys bursarius 16 7 74 12
Rodentia T 9 21 123 14
Sylvilagus floridanus 1 3

Lepus cf. californicus 1

Leporidae 1 1
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Table 8.3, cont.

Glossotherium harlani 134

Odocoileus virginianus 1

Odocoileus/Antilocapra 2 1
Bison cf. antiquus 2 18 1 4
Equus caballus 1

Mammal, indet. - small 13 13 103 T

Mammal, indet. - medium 2 16 4

Mammal, indet. - large 7 11 86 1 6 13
Total Identified 21 101 119 1045 3 75 32
Total Unidentified 130 710 853 12961 9 833 185
*Key to Strata

C1 = (field stratum 70)
C2 = (field stratum 71)
C2/= C2/E1 contact (field stratum 75)
E1 = (field stratum 72)
E1/= E1/E2 contact (field stratum 77)
E2 = (field stratum 73)

**Bones found on surface; elevations are provided in Appendix A for units designated as 0, 1540, 1557,
and 9999 and stratum designated as 0.

G
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Figure 8.1 Map of ground sloth (Glossotherium harlani) dermal ossicles, Area A. All of
these were found in the pond axis, on the Clovis paleosurface,
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Figure 8.2 Map of large mammals, deer and bison, in pond axis sediments,

Area A. Note heavier concentration in northwestern part of block, close to
distal edge of the colluvial “red wedge”

sloth skeletal elements were found. The researchers at Kimmswick postulated that only the skin had been
present, leaving the ossicles as remnants. The ossicles from Aubrey were compared to those identified by
Lundelius (1972) from the Ingleside Cave in San Patricio County and some from Rancho La Brea.
Bioturbation is demonstrated by the location of recovery of the ossicles from the pond sediments. Figure
8.1 shows the concentration of ossicles in the southeastern portion of the excavation block, but singular and
small clusters were recovered from all but the north and west perimeters of the block.

The bison bones represent what was the likely target of activity at the pond. From the elements
identified, and aging of some of those pieces, it appears that as many as three individuals were processed.
Occlusal wear on several teeth indicate two adults, one of which was very old. (Subsequent excavations at
the red wedge resulted in the recovery of remains of a bison calf.) Measurements of the metatarsal
indicate that at least one of the adults was female (after Speth 1983). Figure 8.2 shows the plotted
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Figure 83  Burmed bone from pond sediments (Area A) by stratum.

Note that Stratum E1 yielded 14,008 bones in this block.

locations of bison remains, as well as elements coded as large mammal and deer. The bison remains
cluster in the northwest area of the block, opposite the location of the ossicles, although large mammal
fragments are strewn throughout the middle of the block.

Both axial and appendicular elements were left in this processing area, along with skull fragments
(alveoli and teeth) and lower leg elements. Meaty elements such as upper limbs and backstrap vertebrae
are notable for breakage patterning in the form of smashing, which leaves blow marks such as crushed
edges and depressions with splintering (see Johnson 1978). The humerus and tibia exhibit these blow
marks, as does a metatarsal from Unit 1556.

One rib fragment of a large mammal was slightly charred, and a deer metapodial fragment had
evidence of burning. Total burned bone from the Pond constitutes only about 2% of the recovery, but some
of the identified faunas indicate that at least some cooking took place near the pond (Figure 8.3). Identified
bones of fish, turtles, snakes, birds, rodents and other small and medium mammals are burned to varying
degrees; some are charred black, while others are calcined white. The low percentage of burned bone, the
differential burning states, and the diversity of taxa that exhibit burning all argue against the burned
condition being a result of a natural grass fire after occupation. Although no fire pit feature was found, open
roasting fires would be difficult to detect. And from the diversity of the animals found among the burned
fraction, it is clear that the pond area served at least intermittently and briefly as a place of food
consumption as well as food procurement and processing.
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Map of small mammals, rabbits and rodents, Area A

Figure 8.4

"

Map of reptiles and amphibians, Area A

Figure 8.5




117

The smaller identified faunas listed in Table 8.3 are always problematic in an archaeological
context as definite sources of nourishment. Some researchers (e.g., Sobolik 1988, 1991; Walker 1986;
Williams-Dean 1978) have demonstrated the utility and likelihood of rodents as food sources. From strata
C2/ and E1, 84% of the burned bones were from small mammals or non-mammals. By virtue of number of
taxa, small mammals outnumber all others. Further, of the identified taxa, the fossorial rodent, Geomys,
produced the most charred or burned elements. Passive collecting of rodents cannot be ignored as a
subsistence activity here at Aubrey (Figures 8.4 and 8.5).

Camp B

Located about 60 m from the axis of the pond, this area has been designated as a camp based on
the spatial patterning and composition of the assembla