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INTRODUCTION 
Public concerns about surface water quality and its impact on health issues have put a 

premium on the ability to predict surface and groundwater quality in urban areas. The movement of 
toxins and nutrients in urban areas is largely controlled by interactions with soil and aquifer minerals 
along hydrologic pathways. Despite progress in theoretical modeling of the effects of these 
interactions on water chemistry, it is presently impossible to predict overall trends in urban water 
quality. Determining the controls on stream water chemistry is problematic due to the interplay 
between different hydrologic reservoirs which cannot be easily observed or measured (e.g. Drake and 
Wigley, 1975; Pilgrim et al., 1979; Kennedy et al., 1986; Schulthess and Huang, 1990; Schulthess and 
McCarthy, 1990; McDonneli and Kendall, 1992). 

Natural tracers, such as dissolved ions and isotopes, provide an indirect method for observing 
subsurface interactions and are useful for time series analysis of stream water composition. Ionic 
species are generally nonconservative components because of chemical reactions and are thus useful 
for discerning the overall discharge chemistry affected by the relationship: 

Stable isotopic species such as deuterium (29 and oxygen-18 (180) are considered to be 
conservative (e.g. Sklash et al. 1975) and are thus useful for monitoring the mixing relationships 
between different reservoirs. 

The purpose of this paper is to outline the primary variations in basefl ow chemistry in an 
urbanized watershed. Few geochemical studies have been undertaken on urbanized watersheds. The 
chemistry of White Rock Creek is of interest because it drains an urbanized catchment area and is 
underlain by impermeable clay soils grading into carbonate bedrocks. The results of this study are 
immediately relevant to water quality evolution in many urban watersheds with similar geology. 

fresh rock + rainwater + C02 + 0 2  3 altered rock + soil clays + stream solutes 

WHITE ROCK CREEK WATERSHED 
Physwgraphy 

White Rock Creek watershed lies within the Trinity River Basin in Collin and Dallas Counties, 
northeast Texas. The area is part of the Blackland Prairie physiographic province and is characterized 
by low rolling hills and prairie cut by perenniai creeks and rivers. The White Rock Creek watershed 
covers over 66 square miles (171.5 km2). The creek originates from a source near Frisco, Collin 
County, and flows in a southerly direction for about 25 miles (over 40 km) and empties into the man- 
made White Rock Lake (459 feet elevation; 140 m) within the city of Dallas. South of White Rock 
Lake spillway, the creek continues until its confluence with the Trinity River. The average stream 
gradient to our sampling site at the US. Geological Survey stream gauge, Greenville Avenue bridge 
south of Royal Lane, North Dallas, is 13.8 feet per mile (2.6 meters per kilometer). 
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Austin Chalk 

Chalk (e.g. Allen and Ranigan, 1986). The chalk strikes north to north-northeast and dips gently to 
the east. The watershed overlies Lower and Middle Austin Chalk consisting of interbedded chalks and 
marls. Austin Chalk insoluble silt and clay residue content ranges between 3% @ure chalk) and 86% 
(bentonite) with an average between 20% to 30% (Dutton et al. 1993). Clay, predominately 
montmorillonite or smectite group minerals, represents most of the residue. Sand- and silt-sized 
residue consists of quartz, feldspar, biotite, pyrite (and/or its weathering products limonite and 
hematite), glauconite and phosphate. Pyrite sometimes exceeds quartz in the sand-sized residue and 
commonly occurs as cubes, irregular aggregates, framboids, and as pyritized fecal pellets and 
burrows. 
Recent Deposits 

m. The majority of the soils are vertisols with highly plastic, smectite-rich clays (Soil Conservation 
Service, 1980) The swelling behavior of the clays suggests that exchangeable Na+ is present in the 
interlayer sites. Reworked and transported soil is also present as alluvial deposits either in terraces 
stranded by the most recent downcutting event or as overbank deposits on the current flood plain. 
Where exposed along the banks of the creek, all of this clay-rich material is easily eroded. The creek 
channel is clearly still eroding as indicated by concrete structures (e.g. drains, culverts, and stream- 
wall linings) which have been undermined. 
Hydrology 

September, 1993) in terms of its discharge rate, surface temperature, rainfall, and potential 
evapotranspiration. The creek behaves as a perennial gaining stream with a baseflow discharge rate 
varying from 2 to 65 cf/s (unpublished U.S. Geological Survey data). During a period of no rainfall 
(July, 1993) and maximum evapotranspiration, the baseflow discharge rate declined to <5 cf/s and 
recharge of the creek from sidewall springs was apparent. Maximum baseflow occurs during months 
where precipitation exceeds evapotranspiration. The mean discharge rate was 25 cf/s. 

The bedrock geology of White Rock Creek is dominated by the Upper Cretaceous Austin 

Soils are developed on top of the Austin Chalk with thicknesses averaging between 1 m to 2 

Hercod (1994) examined White Rock Creek for a period of 1 year (October, 1992, to 

SAMPLING 
White Rock Creek was sampled at the U.S. Geological Survey stream gauging site underneath 

the Greenville Avenue bridge, south of the Royal Lane intersection, North Dallas. During periods of 
baseflow, the creek was sampled up to 3 times per week and every 6 to 12 hours for 3 days following 
storm events. Water temperature and pH were measured in the field. From these samples, 
approximately 120 sampIes were analyzed for pH, alkalinity, sulfate, dissolved Ca, Na, Mg, Si, Sr, K, 
and Ba. In addition, 75 samples were also analyzed for oxygen and hydrogen isotope ratios. Rainfall 
for isotopic analysis was colIected from 6 different stations distributed throughout the watershed. 
Multiple samples of Austin Chalk from 5 locations distributed throughout the watershed were 
analyzed to determine typical chalk bulk chemical composition. Chemical analyses were performed by 
either gravimetric methods or by DCP-AES. Isotopic analyses were determined by mass 
spectrometric methods after separation of the isotopes on vacuum extraction lines. 

RESULTS 
Major Element Chemistry 

moleshiter basis) and Ca2+ (28%) are the dominant ions followed by Na+ (12.8%) and sulfate (8.5%) 
with trace amounts of magnesium and potassium ions. SpecificaIly: 

The chemical analyses of water from White Rock creek show that bicarbonate (48% on a 
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1) The predominance of calcium and bicarbonate ions is consistent with the dissolution of 
calcium carbonate in the Austin Chalk. The concentration of bicarbonate and calcium ions is higher 
during the cooler months consistent with the temperature dependence of calcite solubility. 

always >5x atmospheric carbon dioxide concentration with a mean value that hovers -9x the 
atmospheric value. This is consistent with a carbon dioxide equilibria inherited from interaction with 
soil gas. 

the creek. 

Austin Chalk suggest that carbonate precipitation in the creek and exchange of Ca2+and Sr2+ for Na+ 
in clay minerals may account far the slight depletion of calcium and strontium relative to barium and 
magnesium in creek water relative to Austin chalk carbonate. 

in addition to bicarbonate and sulfate, there may be minor amounts of other anionic species including 
nitrate, phosphate and organics. 

the consequences of acid production due to pyrite oxidation and soil gas carbon dioxide dissolution to 
be: 

2) The calculated partial pressure of carbon dioxide in equilibrium with the creek water is 

3) Pyrite oxidation in the Austin Chalk delivers sulfate, the second most abundant anion, to 

4) Comparison of calcium to barium or magnesium ratios of creek water with those in the 

5) Charge balance calculations indicate a slight excess of positive charge (-5%) indicating that 

The general bedrock dissolution equation using the observed concentration is inferred from 

aCaC0, +H,SO,(aq)+ bH,CO,(aq) CJ aCa2+(aq)+SO:-(aq)+ (a+b)HCO;(aq) 
where a is the molar Ca2+/S042- ratio and is obtained from the measurement of the creek water 
composition. The coefficient b is given by a-2 which is required by the stoichiometry imposed by 
dissolution of carbonate through two different reactions involving sulfuric and carbonic acids. Using 
the measured calcium to sulfate ratios, the equation predicts the other important ionic ratios (Table 1) 

Table 1: Ionic ratios for White Rock Creek baseflow compared to bedrock weathering equation 

Predicted 

Measured: 
Annual Mea 

Fall 1992 
Winter 
Spring 

Summer 
Fall 1993 

m 3.8 
3.8 
4.7 
4.1 
3.3 
3.6 

5.1 
5.2 
6.6 
5.3 
4.2 
4.8 

1.3 
1.4 
1.4 
1.3 
1.3 
1.3 

2.9 
2.7 
3.7 
3.2 
2.5 
2.5 

HC03-/Ca2+ 
1.5 

1.7 
1.9 
1.8 
1.7 
1.7 
1.9 

'*Ca2+" is the total alkali earth element concentration plus cation equivalent concentration of Na+ to compensate for 
calcium for sodium exchange with clay minerals. Note that "a" is the measured Ca2+ /S042-. AU ratios are formed 
with molar concentrations. 

The general bedrock weathering equation has important implications for weathering rates in 
the watershed. Pyrite oxidation accounts for >lo% by weight of the total mass of Austin Chalk (-330 
mg of bedrock per liter of baseflow) that must be weathered to account for the major features of the 
creek chemistry. Calcite dissolution accounts for the rest. The net effect of pyrite oxidation on 
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carbonate dissolution is impressive considering that pyrite only constitutes a trace amount of the 
bedrock (<<1%). 
Stable Isotopic Results: Precipitation, BaseFow, and Creek Runoff 

D/H and l80/l6O ratios were determined on precipitation, creek baseflow, and creek runoff 
during storm events from 30 March 1993 to 11 October 1993. These results are displayed on Figure 
1. The results are reported in the delta notation (6D or 6180) given by 6 = [ ~ a ~ ~ ~ ~ t a n d a r d - l ] l O O O  
where the R's refer to the isotopic ratios of the sample which is measured relative to a standard taken 
to be mean ocean water. Nearly all meteoric waters are depleted with respect to the oceans and thus 
will have negative 6 values. Globally, meteoric waters vary in a systematic way given by the equation 
6D =86180 +10 (e.g. Craig, 1961). The linear relationship varies from place-to-place and depends on 
a variety of parameters of which relative humidity plays a key role. Specifically for the White Rock 
Creek watershed: 

given by 6D =86180 +12.8. 

yield the best fit line: 6D =6.86180 +2.2. 

1) A least squares regression through the precipitation data yields a local meteoric water line 

2) AI1 of the creek samples including those collected from baseflow and storm runoff events 

3) Measurements on creek baseflow yield: 6D =7.56180 +3.8. 
4) In general, creek water measurements have a smaller deuterium excess (smaller intercept 

value) coupled with a shallower slope (the 6l80 coefficient) which indicates the importance of 
evaporative enrichment of the creek water's stable isotope ratios during 

Creek 

Rain 
0 

GMWL 

Creek Baseflow 

I I I I i I 
-10 4 4 4 -2 0 2 

6*"0 (per mil) 
Figure 1. bD and &"O plot of all ueekand rainwater samples. ?he global meteoricwater line (GMWL.), and creek 
baseflow and precipitation regressions are also shown. 

baseflow and runoff events. The light isotopes fractionate preferentially into the vapor phase during 
evaporation. 

5) Isotopic measurements over the seven month period show that evaporation enrichment of 
the creek water reached a maximum during the month of August when the 6 values reach their 
maximum. 
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6) During the course of the study, the isotopic ratios of the precipitation were considerably 
more heterogeneous than the creek values reflecting the different processes operative in the weather 
system supplying moisture to the region. 

after a storm event. 
7) Individual storm events perturbed the isotopic composition of the creek for up to one week 

SUMMARY 
This pilot study on the White Rock Creek watershed illustrates the potential utility of 

combined geochemical and stable isotopic studies. In particular, the geochemical investigations show 
that bedrock dissolution is 
the site of a major amount of urbanization. This has direct application to many other urban 
watersheds floored by similar geology. The stable isotopic data confirm the importance of 
evapotranspiration during the summer months and during storm events in affecting the isotopic 
composition of the creek. The relaxation time of isotopic perturbations due to storm events may be 
utilized in future studies to better constrain residence times of water in various reservoirs. 

e primary control on baseflow chemistry even though the watershed is 

ACKNOWLEDGMENTS 

of Geological Sciences and the Graduate Student Council at SMU. Support also came from a grant 
from the National Science Foundation to P. Brady and from the Institute for the Study of Earth and 
Man. Thanks to the U.S.Geologica1 Survey, Water Resources Division, Fort Worth, for their 
hydrograph data. 

This work represents a portion of the first author Master's thesis supported by the Department 

REFERENCES 
Allen, P. M., and W. D. Flanigan, Geology of Dallas, Texas, United States of AmericaJuZZ. of rhedssoc. of 

Craig, H., Isotope variations in meteoric waters, Science, L33,1702-1703,1%1. 
Drake, J. J., and T. M. L. Wigley, The effed of climate on the chemistry of carbonate groundwater, Water Resour. Res., 

Dutton, A. R., E. W. Collins, S. D. Hovorka, R. E. Mace, B. Scanlon, and J. Xiang, Occurrence and movement of 

Engineering Geologists, 23,363418,1986. 

I I ,  958-%2,1975. 

ground water in Austin Chalk, Eagle ford, and Ozan Formations at the superconducting super collider (SSC) site, 
Ellis County, Texas (Draft Topical Report), Bureau of Economic Geology, University of Texas at Austin, Austin, 
Texas, 1993. 

H e r d ,  DJ., Investigations into the geochemical, isotopic, and hydrologic nature of White Rock Creek, Dallas, Texas, 
unpublished Master's thesis, Southern Methodist University, 124 p., 1994, 

Kennedy, V. C., C. Kendall, G. W. Zellweger, T. A. Wyerman, and R. J. Avanzino, Determination of the components 
of storm flow using water chemistry and environmental isotopes, Mattole River basin, California, J. ofHyd-ol., 84, 
107-140,1986. 

McDonnell J. J. and C. Kendall(1992) Isotope tracers in hydrology: EOS Trans., 24, p255. 
Schulthess, C. P., and C. P. Huang, Adsorption of heavy metals by silicon and aluminum oxide surfaces on clay 

Schulthess, C. P., and J. F. McCarthy, Competitive adsorption of aqueous carbonic and acetic acids by an aluminum 

Sklash, M. G., R. N. Farvolden, and P. Fritz, A conceptual model of watershed response to rainfall, developed through 

U. S. Department of Agriculture, Soil Conservation Service, Soil Survey of DaZZm County, Tam, 153 pp., 1980. 

minerals, Soil Sci SOC. Am. J., 54,679-688,1990. 

oxide, J. Soil Sci Soc. Am, 54,68&694,1990. 

the use of oxygen-18 as a natural tracer, Can. J. Earrh Sei, 13,271-283,1975. 

645 


