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CHAPTER 1
INTRODUCTION

The San Marcos Springs, now under ttevgrdship of Texas State University,
present an exceptionally complete record of prehistoric human habitation spanning the
Late Pleistocenand Holocene eraBetailed geoarchaeological research established a
preliminary depositional sequence of alluwdajposits spanning this same period (Nickels
and Bousman 2010jowever, the earliest artifacts recovered in controlled excavations
date to only ~8380 ¢t®8P (Oksanen 2008). Recent cultural resource management
investigationsaassociated with preparations tbe removal of the former amusement
parkdéds submarine theater demonstrates that

incomplete (Leezer et al. 2011).

This thesis will present the methods, results, and interpretations of an
investigation of Late Ristocene and Holocene sediments in otdencrease the
resolution & our understanding of the geoarcbémgical record of Spring Lak@igure 1)
with emphasis on inundated sedimeiiise objective of this researdhto achieve a
more thorough understding of the stratigraphic contexts of alluvial deposits now

flooded by a maimade lake in a chronagjically controlled framework.
Research Problems

Because of the unique set of formation processes which have taken place around
the San Marcos Springs, lakettom stratigraphy cannot be predicted at high resolution
solely by existing terrestrial coramples and excavation profile&3pring Lake has

existed since the damming of the San Marcos River headwaters in 1849 (Bousman and



Nickels 2003), and since thitne, the water level has been 10 to 15 feet higher than
before t he daAndresulcobtmsssaturatiathe deposition, erosion, and

disturbance of sediments could baween drastically altere@his analysis of multiple

core samples takdrmom within the lake will providemportant stratigraphic contesdor

future archaeological studies byiting a greater understandingtdhe | ake bott om:

formation processes.

3.307.400.0
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Figurel. Satellite photo of project are@he horsesheshaped Spring Lake. Texas St
University's Bobcat Stadium is prominently visible in the southeast quadrant.



CHAPTER 2
PROJECT SETTING AND BACKGROUND

The San Marcos
Springs aret the base of ;
Balcones Escarpment in Sa 1
Marcos Texag(Figure?2)
and formthe uppermost
perennially flowing
headwaters of the San
Marcos RiverSink Creek,
an ephemeral stream, joins

the spring channel just

several hundred meters

downstream from the ajority of the springsThe springs are now inundated by Spring

Lake with approximately 25 perceoftthe springvater issuingorth from several well

defined, roky orifices while the remaining 75 percesrnerges from sand boi(tBG-

Guyton Associates 2d0. Known as Canocanayestatetlcd fiwar m water 0o t o -
Indians the springhave attracted a human preseforeat least 1000 yearsKimmel

2006;Nickels and Bousman 201L.0roday, the San Marcos Springs are home to the

Texas St at e atbws Geerter oriMatgréarsd th®Environment and serve as a

vital resource toesearchers argtudentsas well aghe people of southeasentral

Texas.



Bedrock Geology

The Balcones Escarpment, representing the surface expression of the Balcones
Fault Zone stretches in an arc from just east of Del Rio to San Antonio where it turns
sharply north extending as far as Denton in north central Texas. The deformation within
the Balcones Fault Zone is characterized by a serieis e€Ehelomormal faults with
slightly southeast dipping to negertical displacement (Barnes 1992). The stratigraphic
displacement for any single fault line scarp ranges from as little 60 m in the west to as
much as 185 m just north of the northward bend in the fault zone (KlempfLe7&).
Total stratigraphic displacement across the entire fault zone varies similarly, with a
maximum displacement of 520 meters across a distance of 39 km also occurring just
north of the bend in Comal County (George et al. 1952). Several faults rughhhesu
San Marcos Springs area (Figure 3) and are the conduits by which dischargentiows
the surface (Guyton and Associates 1979). The bededokvithe northwest side of
Spring Lake includes well exposed, deeply inciEady Cretaceous, Comanche i
limestones and mar{§igure4). Underlying the southeast side of the lake is distinctively
younger bedrock composed of Late Cretaceous, Gulf Series marls and shales (Guyton

andAssociates 1979).

Hydrology

Several large drainage basins move waterssciite Balcones Escarpment. These
are, from west to east, the Nueces, San Antonio, Guadalupe, and Colorado basins as well
as a portion of the Brazos basin. These drainages traverse deeply incised canyons across

the escarpment, but just below, streams meatidough the Rio Grande Plains and more
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gentle slopes and rolling topography of telf Coastal PlainCentral Texas watersheds
are profoundly affected by the escarpment with an impact extending both into the

atmosphere as well as below the grosandace.

Because the Balcones&rpment is such a sudden increase in elevation relative
to the more gently sloping Gulf Coastal Plain, it creates a meteorological orographic
effect. Dominant southeast winds force warm, watgurated air from the Gulf o
Mexico up the ramp of the escarpment and rapidly into cooler atmosphere reducing
moisture carrying capacity. The result is a much higher cumulative precipitation along

and just above the escarpment relative to surrounding regions (Carr 1967).

Occasional, the Balcones &arpment is the line along which polar air masses
and tropical lowpressure systems meet. When this happens, extreme temperature and
pressure gradients combined with the escar
exposed bedrock camsult in record setting deluges. The highest intensity flood ever
recorded in the region occurred in 1921 in Thrall, Williamson County with a peak
dischargen Brushy Creelof 647,000 ft¥/s from a drainage area slightly over 7 mi2

resulting from 36.4 inaks in 18 hours, a standing world record (Carr 1967, Bomar 1983).

Caran ad Baker (1986) puyterspective on the magnitude of Central Texas
flooding noting that in 1978, during Tropical Storm Amelia, the rate of discharge in the
upper Guadalupe near SpriBganch, Comal County exceeded the mean rate of the Nile
with only 0.1% of its watershed area. Amelia also set the U.S. record for rainfall in a 3
day period, dropping 48 inches of rain at the Manatt Ranch in Bandera County (Bomar

1983).



During their trang across the Edwards Plateawany tributaries of Balcones
Escarpment chinages Iee most or all of their flows through faults and fracturetén
recharge zone of the Edwards Aquifénrough much of the Hill Country the Edwards is
anunconfined(opentopped)aquifer.The aquifer becomes confined in Edwa@&®up
limestone overlain by relatively impermeable Georgetown Formation marls, Del Rio
Clay, and Buda Formation limestones at the lower edge of the BalEscapment
(Woodruff and Abbot 1979). Thisate Cretaceous cap allows for the creatiba o
pressure gradient acrossarow artesian zone at thétheBalcones Bcarpmentvhere
artesiardischarge points such as the Comal Springs and the San Marcos Springs, the first

and second largest springnaplexes in Texasoccur(Brune 1975).

Although the flow from the San Marcos Springs is less than thaedEdmal
Springs, the former sits at 15 m lowelevation than the latter. Because the same regional
flow supplies both spring complexes (Musgrove @ndv 2012), it is possible fahe
San Marcos Springs to continue a low discharge after that of the Comal Springs has
ceased as occurred during aiperf prolonged drought in 1956 (Guyton and Associates

1979)

Modern Climate

In generalthe moderrclimate across thBalcones Bcarpment cools slightly to
the north and dries considerably te thest. Climate ate central portion of the
escarpment containing the San Marcos Springassified as subropical, subhumid,
while climate in the western reles isclassified as subropical, semiarid. Average

temperature is the warmest on the western end of the escarpment&eé@l Zoolest in



thenorthat67000 West of the escarpmentdéds centr al
escarpment become much warmer allowing the average temperature to rise well above
70J°0 Throughout the escarpment, the coolest montarigary andhewarmestJuly

(Bomar 1983).

Along the Balcones Escarpment almost all precipitation occurs as rain with only
occasional ht snows which typically melt within hours of falling. As mentioned above,
large rainfall events are relatively common to CentralaBdgading to a high variability
in actual rainfallamounts from year to year. In order to fully understand Central Texas
hydrology, it is critical to keep in mind that the following averages were derived from a
period characterized by regular droughtskeroby occasional deluge&verage annual
precipitation changes across the escarpment with 23.5 inches per year falling above the
escarpment, 22.9 inches below the escarpment to the west, and 34.0 inches on and below
its central and northern reaches. Téask rainy month above the escarpment is January,
below the esa@ment, March. Throughout the Balcones&pment, precipitation spikes
on either side of summer, and because midsummer evaporation rates increase

dramatically, July and August tend to be tlieest months overall (Bomar 1983).

Soils

Alluvial terrace deposits (Qal) composed of eroded gravel, sand, silt, and clay
from the Edwards Plateau accumulated at the base of the escarptherSam Marcos
River channelduring the Late Pleistocene andlbicene (Fisher 1974%oilsjust above
Spring Lake on thesearpmenaretypically classified as Mollisols consisting BEkert

Rock outcrop complex (ErG) aradleshallow,poorly formed, well drained, calcareous



clay loams, often gravellgr cobbly Soilson the southeast side of Spring Laketop of

Qal deposits are classified as Vertisols eodsist of Oakallala clay loam (Ok) and Tinn
clay (Tn) (Batte 1984). Oakallala clay loam soils are generally composed eBa@ A

soil column. The A horizons arggically dark grayish brown in color and consist of

silty, clayey, loamy sediments. B horizons, when present, are generally grayish brown to
light yellowish brown, and C horizons are often brown to light yellowish brown and can
contain up to 60 percent calm carbonate. Tinn clay soils are similar to Okallala clay
loam, but often contain up to 50 percent coarse fragments. Both soils form in floodplain
settings, but Tinn series soils tend to be drier and are found further away from streams

than Oakallala s&s soils.

Flora and Fauna

Western Cross Timbers

The BaICOneS Eastern Cross Timbers
Escarpment represents ar
ecotoneor ecological LN

crossroadsEcotones often

contain a more diverse

Gulf Coast Pmir{e;"
and Marshes;

biota than do the
individual environmental

provinces they separate

(Crumly 1994). Especially g re5 Physiographic regionsuriounding the San Marc

. . Springs.
in the area surroundirthe pring

San Marcos Spring$igureb) , the sharp contrast in terrain, soils, and moisture

availability allows for an intermingling of riverine, grasslasal/anna, and woodland

9



flora and fauna not often found together (Blair 1950).

The central and ntdrern pations of the Balconesd€arpment contain biota from
both the Edwards Plateddill Country and Blackland Prairie. The native flora is
generally savanna supporting tall and short grasses interspersed with patches of drought
resistant woody shrubs and treegh as juniper, Texas oak on uplands. Fingers of
riparian forest extend into canyons including trees such as cypress, cottomabud,
and pecan along rivers and streams. Common native fauna includdailbiiedeer,
coyote, eastern cottontail, whitailed jackrabbit, raccoon, armadillo, and turkey with
rivers and streams supporting cray fish and Guadalupe bass, as well as several endemic
species of amphibians and mussels (Blair 1950, Riskind and Diamond T686&
west, floral and faunal taxa geafly become more xeradapted. Flora includes short
and midgrasses with patches of thorny scrub and cacti on uplands; however, riparian
forests still thrive along streams (Blair 1950, Riskind and Diamond 188&idition to
the biotic diversity foundh surrounding region, the San Marcos Springs represent critical
habitat to several endangered specielidieg Texas wild ricavhich is endemic to the

upper2 miles of the San Marcos, River.

An important conclusion malge made from thabove.The existene of Texas
wild rice, a unique and endemic aquatic plant species, is strong evidence to support an
assumption that the San Marcos Springs have not completely dried out for a period which
must contairthe entirety of human presence in North Amergaenthelocation of the
springs inan ecotone containing relatively large variety acologicalresourcesvithin a
short distancethe site represents an oasis which must have attracted regular visitation by

a variety of prehistoric peopleand the regulary and/or duration of prehistoric human

10



occupations could be expected to have an inverse relationship with regional moisture

availability.

Regional Paleoenvironment

Although dramatic transitions in environmahtonditionssuchas thosef the
Cretaceousgre geologicallybvious, evidence for more receamball scale fluctuations
are more subtle. Paleoclimatic evidence for the environmental change which may have
caused shifts in prehistoric human subsistence strategies must always be derived from
environmetal proxies. Because the modern contextsvhich these proxies are based
may have been dissimilar in the pasty interpretation is based on at least a few
assumptionsMost importantly, researchers must consider the possibility for more than
one mechasm which may account for virtually any physical relationship represented in
a geologic record (Caran 1998pr the remainder of this Chapterall dates have been
approximated and are givenuncalibratedadiocarbon years B.P. (before A.D. 1950)

unles otherwise noted

The fact that thenodernenvironment in Texas different from that of the Late
Pleistocendgs demonstrated by paleontological evider®everal small vertebrates such
as the masked shrew, bog lemming, and meadow vole are represeRleidtocene cave
faunas along the Balconesdarpment, but are now restricted to cooler and/or wetter
climates outside Texas. Other burrowing species from the same cave deposits such as the
prairie dog still exist in Texas butearestricted to the thiek soils ofthe Great Plains.

(Lundelius 1986 Toomey 1993

Soil erosion inCentral Texasnayexplainthe disappearana# burrowing fauna

11



(Toomey 1993)Relict, silicaterich soil remnants are located on some of the uplands in

the Edwards Plateau and as®nally hidden in sediment tragpsch as sink holes and
caves(Cooke et al2003:2007). Utilizing changind®’SrF°Sr ratios measudsn floral

and faunal remains collectedinwdllat ed s edi me n Kesr County Tiehagd, | 0 s
Cooke et al. (2003; ZI7) arguedcontinuoussteady soil erosion occurred in Central

Texas from at least 21,000 B.P to 5,000 Bi#s removal of soil cover translated to a

loss of habitat for many burrowing fauna (Toomey 1993; Cooke et al. 2007).

Another paleontologicallimate proxy is th@xygen isotope ratio®undin fossil
foraminiferaof the Gulf of Mexica These ratioseflectclimate change with a stronger
chronologicalkontrol, but at a globahkther than regionaksolution Whenrelatively
large amounts of wateretrapped in polar ice capghge shells of foraminiferare
produced with more isotopically heavy oxygen atoms thaimg warmer interglacial
periods Leventer et al. (1982) were able to show that oxygen isotope ratios in Gulf of
Mexico cores indicated & the volume of glacial meltwater entering the gulf peaked
twice in the Late Pleistocene at about 15000 B.P. and again at about 125C0rBafke

then stabilied following one last cool period around 11000 B.P.

Two recent studies of fossil piacommunities buried in paleosols of eaesntral
and soutkcentral Texas bogs have provided relatively higgolution models for more
localized climate trends in central Texas since the last glacial maximum (Bousman 1998,
Nordt et al. 2002)In both studlies proxies indicating the relative dominance of grasses to
more woody vegetation were used to estimate past climatic conditions. Grasses, or C
plant communities, thrive in warmer, drier habitats, while treesf @o@munities,
dominde cooler, more moist climatdBousman (1998) and Nordt et al. (2002)rbot

12



agree that the extent of woodland vegetatuasrelated to glaciation, but thelyffer in
their interpretations of what ultimately caused fluctuations in vegetation dominance.
Bousman (1998) asserts that reduction in moisture availability was probably most

influencial while Nordt et al. (2002) prefers to cite warmer temperatures.

Nordt etal. (2002) used the ratio of stalgi@rbon isotopes in buried soffem
near the Medina River in soutfentral Texas to infer¥productivity. Nordt et al. (2002)
correlated the dominance ok@lant communities in soutbentral Texas during the
Pleistocene with two pulses of glacial meltwater into the gulf of Mexico, arguirgy for
peakin Cr plant production andooler conditionsat 13,30 B.P.followed by a warming
trend and then a return to cooler condition$3#000 B.P. After a peak of\gplant
dominance and warmer conditionsldat000B.P., soutkcentral Texas supported a
slightly woodier grassland than todat. 8000B.P woodland vegetatiobegan to decline
with a peak in warmer conditiomsound 550@.P. According to Nordt et al. 2002,
grassland dominanand warmer conditions continued in seatntral Texashrougtrout
the remainder of the HolocerBousman (1998) usquHynological evidencérom
several well dated bog sites in eashtral Texasind a modern pollen rain stutty
estimatetherelative dominance of woodlanggetation in eastentral TexagFigure6).
Bousmanés (1998) model sdidbeva. (2002)ebutavithl  t r end
more intensive ¥ order fluctuationBousman argued fasignificant shift to grasslands
which markshe beginning of the middle Holocene wétbrief return to wooeir
conditions around 6000 B.P. In the late Holocene heshgsrogressive but punctuated
return to woodland conditiong;ith a short increase in the dominance of grasses between

1600 and 1500 B.P. (Bousman 1998).
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In summaryCentral Texaslimate has shifted from relatively cool and/or moist
to relatively warm and/or dry over the past 13,000 yeak#though lower order climate
fluctuationmaynot bewell agreed upon, evidence for major warming/drying phases is
strong near 11,000 B.RBQ00 B.P., and 5500 B.P. (Bousman 1998; Nordt et al. 2002).
During the same pmd, a large mass of mature soil was removed from the Edwards
Plateau (Toomey 1993; Cook et al. 2003; Cook et al. 2@Véen the location of the San
Marcos Springs at the base of the Balcones Escarpment just under the Edwards Plateau, it
is likely thesemajorclimate trendsnay be recorded in the sedimentology and

geomorphology of the land surrounding Spring Lake.
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Figure6. Reconstructed variations in tree cover in east
Central TexasTime is shown in calendar years B(&ter
Bousman 1998).

15



