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Figure 1.  Sampled well locations in the Woodbine
                 aquifer during 1993-1995 sampling season
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Water Quality in the Woodbine Aquifer

by Janie Hopkins, Geologist
September 1996

INTRODUCTION

The Woodbine aquifer covers parts of 17 counties in north-central Texas, extending from McLennan
County in the south to Grayson, Fannin, Lamar, and Red River counties in the north. It crops out in a
northeast-southwest trend from McLennan to Cooke and Grayson counties, then parallels the Red
River in a west-east strike, cropping out in Fannin, Lamar, and Red River counties. Seventy-eight wells
completed in the aquifer were sampled from 1993 through 1995 by the Texas Water Development
Board (TWDB) as part of its program to monitor the ambient water quality in major and minor aquifers
throughout the state and any changes that may have occurred over time. The map in Figure 1 illustrates the
extent of the aquifer’s outcrop and subsurface downdip portion and location of sampled wells. The author
thanks the landowners who permitted their wells to be sampled; the TWDB environmental quality specialists
who collected the samples: John Asensio, Merrick Biri, Dennis Jones, Ron Mohr, Robbie Ozment, Lennie
Winkelman, and Eddie Zapata; and geologist Phil Nordstrom who edited the atlas. TWDB graphics specialists
Alison Omo and Erika Boghici created the illustrations using ArcView.

The Woodbine Formation in this location is composed of fine-grained, cross-stratified fluvial  sandstones
interbedded with overbank shale and clay deposited during the Cretaceous. The aquifer dips eastward
into the subsurface where it reaches a maximum depth of 2,500 feet below land surface. Regionally, it
thickens downdip and toward the northeast, ranging in thickness from 230 feet near the southern
extent of the outcrop to approximately 700 feet near the downdip limit in Fannin County. The regional
dip to the southeast near the outcrop averages 35 feet per mile, but increases to 75 feet per mile near the
downdip limit of fresh to slightly saline water.

In its northern extent, the aquifer is divided into three water-bearing zones readily distinguished on
electric logs of wells between Dallas and Sherman, but less easily determined downdip or over long
distances along strike. The three zones differ considerably in productivity and quality; only the lower
two zones of the aquifer are developed to supply water for domestic and municipal use as the upper
zone yields limited amounts of water containing large amounts of iron. Farther to the east, the Woodbine
produces oil and gas in the East Texas Basin.

Annual rainfall, ranging from 33 inches in the south to 37 inches in the north on the more permeable,
sandy soils of the outcrop, provides recharge estimated to be equivalent to less than one inch per year
(Nordstrom, 1982). Other sources of recharge include surface-water seepage from lakes and streams
such as Lake Grapevine, Garza-Little Elm Reservoir, and the Trinity River tributaries. Discharge occurs
naturally through springs, seeps, and evapotranspiration. Artificial discharge due to heavy municipal
and industrial pumpage in the Sherman-Denison area has contributed to water-level declines in excess
of 100 feet. Except in areas of heavy pumpage, the ground-water potentiometric surface generally parallels
the east-southeast dip of the beds.

WATER QUALITY

Samples were taken from municipal, industrial, and irrigation wells where possible. These wells, because
of their constant pumping and high yield, draw water from larger areas in the aquifer and thereby
ensure a representative sample. Environmental quality specialists took field measurements and used
appropriate sampling techniques as described in the TWDB A Field Manual for Ground Water Sampling
(Nordstrom and Beynon, 1991) for dissolved inorganic constituents, nutrients, and, for the first time
in this aquifer, radioactivity. Constituent ranges and averages as determined by the Texas Department
of Health Laboratory are discussed, and areas in which key constituents are in excess of maximum
contaminant levels (MCLs) are illustrated in maps where appropriate. The primary and secondary
MCLs, as set by the Texas Natural Resource Conservation Commission (TNRCC), are listed in
Table 1.

Primary Constituent Levels
Constituent Symbol MCL

Arsenic As 0.05 mg/l
Barium Ba 2.0 mg/l

Cadmium Cd 0.005 mg/l

Chromium Cr 0.10 mg/l
Fluoride F 4.0 mg/l

Lead Pb 0.015 mg/l

Mercury Hg 0.002 mg/l
Nitrate (as N) NO

3
 (N) 10.0 mg/l

Selenium Se 0.05 mg/l

Gross Alpha a 15 pCi/l
Gross Beta ß 50 pCi/l

Radium Ra226 + Ra228 5 pCi/l

Secondary Constituent Levels
Chloride Cl 300 mg/l

Copper Cu 1.0 mg/l

Fluoride F 2.0 mg/l
Iron Fe 0.3 mg/l

Manganese Mn 0.05 mg/l

pH >7.0
Silver Ag 0.10 mg/l

Field Measurements
The ground-water temperature of the Woodbine samples ranged from 18 to 42° C and averaged 27° C.
The pH of all Woodbine analyses ranged from 4.4 to 9.2 (only three had a pH less than 7.0), and the
average was 7.9. Secondary drinking water standards indicate that the pH should be greater than 7.0
because acidic water (less than 7.0) will act as a solvent to release metal ions to the water. The specific
conductance ranged from 91 to 9,560 micromhos and averaged 1,545 micromhos. This average reflects
the high concentration of total dissolved ionized salts in the southeast part of the study area. The
average total alkalinity as determined in the field was 375 mg/l, with a range of 91 to 748 mg/l as
CaCO

3
; average bicarbonate ion concentration, calculated from mean total alkalinity, was 440 mg/l;

and average phenol alkalinity was 11.4 mg/l. The negative Eh average of -58 mV (range: -335 to
+327 mV) indicates slightly reducing conditions exist in those parts of the aquifer containing some
organic matter and sluggish circulation rates.

Dissolved Inorganic Constituents
The dissolved-solids content is the main factor limiting or determining the use of ground water. These
solids primarily consist of mineral constituents dissolved from the host rock, although other natural
sources, such as adjacent aquifers, or man-affected sources, such as oil-field brines, can also contribute
certain dissolved constituents. Table 2 describes four classes of ground water classified according to
dissolved-solids content, as defined by the Texas Groundwater Protection Committee.

Table 3 lists ranges and average concentrations (of analyses above detection limts) of dissolved solids
and other inorganic constituents from the Woodbine sampled from 1993 through 1995. The average
dissolved-solids content of  1,076 mg/l reflects the influence of slightly saline waters in the southeastern
part of the study area, as seen in the map in Figure 2; the median dissolved solids value is 885 mg/l.Contours
on the map indicate areas in which the predominant range of dissolved solids is greater than 1,000 mg/l;
any individual well with a high concentration in an area where the dissolved-solids range is below 1,000
is indicated with an asterisk. The majority of the 38 percent of samples recently collected that contain
dissolved solids in amounts higher than the MCL are concentrated in the southeast.

Although historical data were considered in the construction of this map, data from the recent sampling
event (1993 - 1995) were the main determinants of contour positions, particularly from wells with
multiple sampling events in which recent data could more accurately delineate an increase or decrease
in the amount of dissolved solids (or other constituents) over time. All of the maps were constructed in
a similar manner, using results from other sampling events dating back several decades in areas where
recent data were not available. The numerous points that appear outside of contoured areas indicate
locations of wells with anomalously high concentrations of dissolved constituents; these wells are typically
surrounded by wells with lower concentrations. By contrast, discussions of averages and ranges listed in
Tables 3, 4, and 5 only refer to data collected during the recent sampling event.

Gross alpha (a) radiation consists of the emissions of positively charged helium nuclei having high
atomic weight. This radioactive decay is measured as gross a in units of picocuries per liter (pCi/l).
Alpha-emitting isotopes in natural waters are primarily isotopes of Ra

226
 and Ra

228
, Ra

226
 being the

disintegration product of uranium (U
238

), and Ra
228

 the disintegration product of thorium (Th
232

).
Ra

226
 decays to radon gas (Rn

226
), which is also an a-emitter. Gross beta (ß) radiation consists of the

emission of high energy electrons and positrons from the nucleus of atoms having high atomic weight.
Natural ß-emitting isotopes  occur in the uranium and thorium disintegration series, among other
natural sources. In these analyses, gross alpha and gross beta ranged from 2 - 12 and 4 - 14 pCi/l, with
an average of 3.4 and 5.1 pCi/l, respectively; none were in excess of the MCL.

COMPARISON TO PREVIOUS WORK

In a simple map accompanying one of the earliest descriptions of Woodbine water quality (Plummer,
1931), the contour delineating the limit of “fresh” water is essentially the same line marking the present-
day downdip or easternmost limit of usable quality water. Although this report was written mainly for
the purposes of determining changes in water composition in relation to oil accumulations in the East
Texas field, the few analyses of samples in the western part of the study area indicate that concentrations
of dissolved solids and chlorides gradually increase to the southeast, that bicarbonates correspondingly
decrease to the southeast, and that sulfates, generally high in the freshwater area, decrease in the vicinity
of the oil fields. In Nordstrom’s comprehensive study of Cretaceous aquifers (1982), 40 percent of the
800 samples contained dissolved solids in excess of 1,000 mg/l; 10 percent contained chloride in excess
of 300 mg/l; 32 percent contained sulphate in excess of 300 mg/l; high nitrates were not found; and 80
percent of the water was classified as soft. Baker and others (1990) note that sulfates are high in the
southern outcrop area of Tarrant and Johnson counties as well as the artesian portion of the aquifer, and
that boron is high throughout the area. Outcrop descriptions (Plummer and Sargent, 1931; Stephenson,
1952; and Cotera, 1956) mention the presence of ferruginous sandstones, and Nordstrom (1982)
discusses higher iron content, commonly in excess of 300 µg/l, in the uppermost Woodbine zone.

Historical data taken from balanced analyses in the TWDB ground-water database were examined to
assess water-quality deterioration over time. Query language calculated averages of dissolved solids,
chloride, sulfate, fluoride, and hardness during the last four decades and the present partial decade
(Table 6). Averages do not reflect the same sample population for each time period, as although frequently
the same wells were sampled during more than one decade, none were sampled repeatedly in each of the
five time periods. Furthermore, the choice of decades as the time period most appropriate for the
calculation of averages is arbitrary, as sampling events were not timed to correspond with any certain
time period. Averages of dissolved solids and chloride are highest in the samples collected in the 50s and
60s; averages for dissolved solids, chloride, and sulfate are all lowest during the 70s; these three constituents
increase, for the most part, through the most recent sampling event.

A qualitative comparison of change in water quality in individual wells with multiple sampling events
(analyses from at least two decades) similarly does not reveal any simple trends. When considering the
overall change in dissolved solids in Ellis County from 34 wells with multiple analyses, for example,
essentially no change occurred in three wells, increases on the average of 44 mg/l occurred in 16 wells
(with average total well depth of 981 feet), and decreases on the average of 64 mg/l occurred in 15
different wells (with average total depth of 1280 feet). A few wells exhibited an increase from one
decade to the next followed by a decrease, and vice-versa. Changes in the majority of the wells showing
improvement (decreased dissolved solids) occurred before the end of the 80s, whereas changes in the
majority of those wells showing a slight deterioration in water quality (increased dissolved solids) occurred
since the 70s. With the exception of fluoride and chloride, averages in Table 6 also appear to suggest
that a slight deterioration in ground-water quality has happened recently, with shallower wells, as expected,
somewhat more susceptible.
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Stiff diagrams, plotted in Figure 6 for a representative number of wells in the study area, illustrate that
sodium bicarbonate water is the dominant hydrochemical facies in the Woodbine aquifer. Dissolved
solids are generally higher in the south, as indicated by the greater widths of the diagrams, and lower in
the outcrop. Higher sulfate concentrations, as indicated by the longer axes at the base of the figures, are
also apparent in the southeast part of the aquifer. Some wells in the downdip portions of the aquifer
contain chloride as the dominant anion, as exemplified by three wells on the map, one each in Collin,
Dallas, and Ellis counties.

%  Above
 Constituent Detection Range Average   # > MCL

Arsenic 10 <10 - 8 4
Barium 90 <10 -  327 18

Boron 100 80  - 5,500 1,451

Cadmium 1 1 sample at 6
Chromium 14 <20 - 16 5

Copper 35  <20 - 53 8

Iron 85 <20 - 13,000 786 13* (15%)
Lead 0

Manganese 83 <20 - 1,100 118 17* (22%)

Molybdenum 1  1 sample at 5
Silver 0

Vanadium 0

Zinc 59 <20 - 1,100 107
Aluminum 45 <50 - 1,000 119

Selenium 0

Mercury 1 1 sample at 0.3
*  Secondary MCL
Table 4. Dissolved trace elements in Woodbine ground water in micrograms/liter.

Constituent Range Average % Above Detection

Ammonia <0.02 - 5.5 0.96 99
Nitrite <0.01 - 0.22 0.07 12

Nitrate (NO
3
) <0.01 - 1.01 0.10 89

Kjeldahl <0.10 - 7.2 1.19 97

Orthophosphate <0.01 -0.42 0.15 61

Table 5.  Dissolved nutrients in Woodbine ground water in milligrams/liter.

Chloride, naturally dissolved from rocks and soils, can also be introduced into ground water by human
activities, as it is present in sewage, oil-field brines, industrial brines, and seawater (a possible contaminant
of freshwater aquifers in areas of heavy pumpage). In large amounts in combination with sodium,
chloride gives a salty taste to drinking water and can increase the corrosiveness of the water. In contrast
to the large area in the southeast portion of the aquifer containing dissolved solids in excess of 1,000
mg/l, only four small areas (Figure 3) contain wells in which the chloride content is greater than the
secondary MCL of 300 mg/l, consistent with the much smaller percentage of samples containing excess
chloride (9 compared to 38 percent) and median value of 62 mg/l. Only a few isolated occurrences of
wells with chloride values greater than 300 mg/l exist outside of these contours.

Table 4 lists ranges and average concentrations (of only those anlyses above detection limits) of dissolved
trace element constituents in the Woodbine, for the most part detected in insignificant amounts. None
were found above the primary MCL, and only iron and manganese were detected in amounts greater
than their secondary MCLs. These occur naturally as iron-rich carbonates are dissolved and are generally
indicative of localized reducing conditions in the aquifer. The map in Figure 7 illustrates specific well
locations where iron and manganese exceeded the secondary constituent levels of 0.3 mg/l (300mg/l) and
0.05 mg/l (50 mg/l), in a total of 15 percent and 22 percent of the recent samples, respectively. In
apparent contrast to the other maps, the higher levels of iron and manganese are found mainly in that
portion of the aquifer that crops out to the west, where exposures of siderite, limonite, and hematite
concretions are common (Stephenson, 1952). The map is misleading, however, as the iron-rich upper
zone in deeper wells to the east is not sampled because the zone is typically sealed off with casing.

There is no MCL for boron;  however, its concentration determines the suitability of the water for
irrigation. Concentrations as high as 1.0 mg/l are permissible for irrigation of boron-sensitive crops such
as deciduous fruit and nut trees; as high as 2.0 mg/l for irrigation of semi-tolerant crops such as most
grains, cotton, and potatoes; and as much as 3.0 mg/l for tolerant crops such as alfalfa and most root
vegetables. The highest concentrations of boron occur in the southeast portion of the study area, as
illustrated in the map in Figure 8. Fortunately, water is used for irrigation only in the northwest outcrop
portion of the aquifer. High sodium concentrations, particularly in conjunction with high specific
conductance, would also be of concern in irrigated areas, but similarly these conditions do not
characterize the aquifer in the northwest (Nordstrom, 1982).

Nutrients
Of the five nutrients analyzed in each well (ranges, averages, and percents above detection are listed in
Table 5), only nitrate and nitrite have drinking water standards. Nitrate, an end product of the aerobic
stabilization of nitrogen, particularly organic nitrogen, is a potential pollutant in any agricultural area. It
is to be expected at high concentrations where fertilizers are used and in decayed animal and vegetable
matter. Ground-water concentrations are also commonly higher in leachates from sludge and refuse
disposal and in industrial discharges. Nitrite is formed by the action of bacteria upon ammonia and
organic nitrogen. When nitrite is detected in potable water in considerable amounts, it is an indication
of sewage/bacterial contamination and inadequate disinfection (De Zuane, 1990). In such reducing
environments, nitrite is not oxidized to nitrate. Ordinarily, however, in the oxidizing environments
common in most aquifers, nitrites are converted into nitrates, and nitrite values are lower. In this study,
neither was found in excess of  the MCL.

Radioactivity

Sulfate is formed by the dissolution of sulfur from rocks and soils containing sulfur compounds such as
gypsum, anhydrite, and iron sulfide. Sulfate in large amounts in combination with other ions gives a
rotten-egg odor to drinking water. Thirty-three percent of the wells contained sulfate in excess of the
secondary MCL of 300 mg/l, the majority of which are also in the southeast (Figure 4).  The median
sulfate value for these recent samples is 182 mg/l.

Fluoride is formed naturally from the leaching of fluoride-rich minerals typically associated with volcanic-
ash deposits. Such deposits, described as volcanic tuffaceous sandstones, had a provenance in southwestern
Arkansas and comprise a significant portion of the formation (Stephenson, 1952).  Although only five
percent of the recent analyses contained excess fluoride, older analyses contained higher percentages of
excess fluoride. Contours on the map in Figure 5 indicate those regions in the southeast part of the
study area where fluoride values are greater than the secondary MCL of 2.0 mg/l and areas in the
extreme southeast where values are greater than the primary MCL of 4.0 mg/l.

N

NN

N
NN

N

N

N

$ $

$

%U

%U

%U

%U

%U

%U

HILL

ELLIS

HUNT

LAMAR

COOKE

COLLIN

FANNIN

DALLAS

DENTON

NAVARRO

GRAYSON

RED RIVER

TARRANT

MCLENNAN

KAUFMAN

JOHNSON

ROCKWALL

20 0 20 Miles
Map constructed from all available water-quality data, 1995.

Well containing 300 micrograms/liter or 
more iron and 50 micrograms/liter or 
more manganese

N

Well containing 50 micrograms/liter or
more manganese

Well containing 300 micrograms/liter or
more iron

EXPLANATION

%U

$

Figure 7.  Iron and manganese content in water
                of the Woodbine aquifer
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Figure 2.  Dissolved-solids content in 
                water of the Woodbine aquifer

Map constructed from all available water-quality data, 1995.
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Figure 8.  Boron content in water
                of the Woodbine aquifer
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Figure 3.  Chloride content in water
                 of the Woodbine aquifer
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Figure 4.  Sulfate content in water
                of the Woodbine aquifer

Map constructed from all available water-quality data, 1995.
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Class Quality * Examples of  Use

Fresh 0 - 1,000 Drinking and all other uses

Slightly Saline >1,000 - 3,000 Drinking if fresh unavailable; for livestock,
irrigation, and industrial use

Moderately Saline >3,000 - 10,000 Industrial, mineral extraction, oil and gas
production; potential/future drinking and
limited livestock watering and irrigation if
fresh or slightly saline water is unavailable

Very Saline to Brine >10,000 Mineral extraction, oil and gas production

*  Concentration range of dissolved-solids in milligrams/liter
Table 2. Ground-water classification system.

Constituent Range Average Percent > MCL

Silica 10 - 55 15

Calcium <1- 700 54

Magnesium <1 - 420 16

Potassium <1 - 23 3.4

Sodium 29 - 1,200 319

Strontium <.02 - 14.1 0.6

Bicarbonate 105 - 874 440

Sulfate 5.0 - 3,400 313 33*

Chloride 6.0 - 1,500 129 9*

Fluoride <0.1 - 4.7 0.9 5**

Dissolved solids 287 - 7,259 1,076 38*

Hardness 1 - 3,374 199

*   Secondary MCL
**  2% > secondary MCL of 2.0 mg/l and 3% > primary MCL of 4.0 mg/l
Table 3. Major anions and cations in Woodbine aquifer ground water in

milligrams/liter.

Sulfate  SO
4

300 mg/l
Dissolved Solids    TDS 1,000 mg/l

Zinc Zn     5.0 mg/l
Table 1. Drinking water standards for selected inorganic constituents

and radioactive species as set by the TNRCC.
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Cl
HCO3+CO3
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Time Period Dissolved   Chloride Sulfate Fluoride Hardness
(# of analyses) Solids

> 1990
(61) 1,071 112 319 1.1 171

’80 - ’89
(226)  979 124 221 2.3 43

’70 - ’79
(577) 882 86 218 1.7 74

’60 - ’69
(251) 1,225 177 282 1.7 34

’50 - ’59
(133) 1,275 240 249 1.9 63

Table 6. Comparison of averages of dissolved constituents, in milligrams/liter, in
Woodbine aquifer water over time.


