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ABSTRACT 

The Blossom Sand Formation of Cretaceous 
age forms a minor aquifer in a narrow east-west band 
in parts of Bowie, Red River, and Lamar Counties. 
The formation consists of alternating sequences of 
fine- to medium-grained sand, shale , clay, marl , and 
chalk deposited in a marine environment along the 
northern edge of the East Texas Basin. Formation 
thickness ranges from 0 to 400 feet with less than 29 
percent consisting of sand. 

The aquifer yields small to moderate amounts 
of water over a limited area on and south of the 
outcrop. Production is greatest in Red River County 
and decreases westward . Transmissivity, deter­
mined from nine pump tests , ranged from 85 to 549 
square feet per day. The average annual effective 
recharge to the aqu ifer which is available for develop­
ment is estimated to be 811 acre-feet. Water-level 
declines are occurring in the Clarksville area due to 
heavy pumpage. 

Chemical quality of water available from the 
Blossom Sand aquifer generally increases rapidly in 
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dissolved-solids content downdip and has a median 
value of 853 milligrams per liter within the study area. 
Fresh to slightly saline ground water from the aquifer 
occurs primarily in wells located on the formation 
outcrop except for the area around the City of 
Clarksville. The ground water is generally slightly 
alkaline, high in sodium and bicarbonate, soft, and is 
high in iron content in localized areas. The water 
quality is generally acceptable for most non-indus­
trial uses, except irrigation for which it has high SAR 
and RSC values. 

Most water wells producing from the Blossom 
Sand Formation are shallow domestic or livestock 
wells, but are rapidly being abandoned because of 
greater access ibility to public water supply systems. 
The City of Clarksville is the largest municipal sup­
plier, producing from two large-capacity wells. The 
estimated 1982 pumpage for the City of Clarksville 
was 589 acre-feet. The Red River Water Supply 
Corporation pumped an additional 224 acre-feet in 
1982. 
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OCCURRENCE, AVAILABILITY, AND CHEMICAL QUALITY OF 

GROUND WATER IN THE BLOSSOM SAND AQUIFER 

INTRODUCTION 

Purpose and Scope 

The purpose of this study was to describe the 
ground-water resources of the Blossom Sand aquifer 
of Cretaceous age. Field investigations were con­
ducted during the period from May 1982 to March 
1983. 

Included in the scope of the study was the 
collection and compilation of all available data per­
taining to the occurrence, quality, quantity, and 
availability of ground water in the Blossom Sand 
aquifer. 

Principal object ives of the investigation in­
cluded the determination of: (a) the location, geo­
graphic distribution, and extent of strata containing 
usable-qual ity water, (b) the quantity and quality of 
available ground water, (c) the hydrologic character­
ist ics of the aquifer, and (d) the annual recharge and 
discharge. 

Location and Extent 

The study area is within the boundaries of 
Bowie, Fannin, Lamar, and Red River Counties in 
northeast Texas (Figure 1). The aquifer is generally 
restricted to the east-west trending Blossom Sand 
outcrop except in the vicinity of Clarksville where 
usable-quality ground water extends downdip to the 
southern edge of the City. The outcrop area covers 
approximately 221 square miles and is in the Red and 
Sulphur River Basins. 

Method of Investigation 

An inventory of all municipal, industrial , and 
irrigation wells, along with selected domestic and 

livestock wells was begun in May 1982. Of the 139 
water wells inventoried, 71 are classified as domestic 
or livestock, seven as public supply, one as irrigation, 
and 60 as destroyed or abandoned. Concurrent with 
the initiation of field work, office work involved gath­
ering data from drillers' water well reports and com­
piling available surface and subsurface geologic data 
relating to ground water. 

Information on the lithologic character, depth, 
and thickness of the Blossom Sand Formation was 
obtained from geophysical and drillers' logs on file 
with the Texas Water Commission. To aid in the 
delineation of the aquifer, the Texas Department of 
Water Resources (a predecessor agency of the 
Texas Water Development Board) drilled seven test 
holes. Hydraulic characteristics of the aquifer were 
determined from pump and recovery tests and labo­
ratory analyses of test hole cores. 

The geologic base map for this report was 
adopted from the Sherman and Texarkana Geologic 

Figure 1.-Location of Study Area 



, 
Atlas Sheets published by the University of Texas, 
Bureau of Economic Geology. 

Chemical quality of ground water available from 
the Blossom Sand was determined by analyzing 
water quality data from selected wells and test holes. 
Figure 9 shows the approximate downdip limit of 
fresh to slightly saline water. For the purpose of this 
report , usable-quality ground water is considered to 
be water that contains less than 3,000 mill igrams per 
liter (mg/I) dissolved solids. 

Water-level measurements were taken during 
November 1982 and January 1983. The few histori­
cal water-level records available were used to help 
determine the effects of pumpage on the aquifer. 

Basic data, consisting of well information, 
chemical analyses of well water, and test hole re­
sults , which were gathered during the course of the 
study, are not included within this report, but are 
available for public inspection in the files of the Texas 
Water Development Board. 

Previous and Related Investigations 

Prior to this report, there has been limited 
definitive stratigraphic or hydrologic work completed 
on the Blossom Sand Formation. The available 
literature often contains disagreement on stratigra­
phic and facies relationships, as wel l as nomencla­
ture. Although a comprehensive stratigraphic inves­
tigation was beyond the scope of this study, an 
attempt was made to delineate the upper, lower, and 
lateral boundaries of the sandy facies of the forma­
tion. 

One of the initial related hydrologic investiga­
tions was by A. C. Veatch in 1906 which described 
the geology and ground-water resources of northern 
Louisiana and southern Arkansas. Veatch briefly 
discussed the Cretaceous formations in a small area 
of Texas and referred to the Blossom Sand as the 
Sub-Clarksville Sand. 

C. H. Gordon is credited with naming the Blos­
som Sand in 1906 after the town of Blossom in Lamar 
County, Texas. He also conducted a regional study 
in 1.911 of the geology and ground water in northeast­
ern Texas. The Blossom Sand was initially assigned 
to the upper Eagle Ford Group. 

Lloyd Stephenson (1918) revised areal distri­
butions and interpreted new stratigraphic and age 
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relationships for many Gulfian format ions. Most 
pertinent to this report was the correlation of the 
Blossom Sand with the Austin Group. Another paper 
by Stephenson in 1936 was devoted to the strati­
graphic relationships of the Austin and Taylor Forma­
tions. 

Baker and others (1963) conducted an investi­
gation of the ground-water resources of the Red 
River, Sulphur River, and Cypress Creek Basins in 
which hydrologic characteristics of the Blossom 
Sand Formation were estimated. 

Stehli and others (1972) interpreted the deposi­
tional environments of the Gulfian Cretaceous 
groups of northeast Texas by using lithologic data to 
determine sediment sources and dist ribution. A 
related paleontological study completed by Stehli 
and Creath (1964) also considered the interpretation 
of regional environments. 

Wood and Guevara (1981) published a report 
on the regional structure with cross sections and 
general stratigraphy of the East Texas basin. 

Publications containing information relating to 
the geology and hydrology of the Blossom Sand 
Formation are included in the selected references of 
this report. 
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GEOGRAPHIC SETTING 

Bowie, Fannin, Lamar, and Red RiverCounties 
are located in the Post Oak Belt and Blackland Prairie 
subdivisions of the Coastal Plain physiographic prov­
ince. Short and bunch grasses are the dominant 
natural vegetation of the Blackland Prairie while oak, 
hickory, and pine forest characterize the Post Oak 
Belt. 

Topographically, the area is characterized by a 
broad central ridge, bands of flat lands, and alluvial 
belts. The central east-west striking ridge forms a 
drainage divide between the Red River to the north­
east and the Sulphur River to the southeast. Total 
relief is about 520 feet, with the lowest elevation 
being about 200 feet above sea level in central Bowie 
County and the highest about 720 feet in west-central 
Fannin County. 

GEOLOGY AS RELATED TO THE 
OCCURRENCE OF GROUND WATER 

Geologic History 

The Cretaceous Period in northeast Texas was 
characterized by transgressive seas with occasional 
regressive periods. Gulfian Series sediments, which 
occupy the latter part ofthe Cretaceous, were depos­
ited unconformably upon the Comanche Series and 
consist of sandstone, shale, marl , and chalk (Waters 
and others, 1955). A major transgression which 
began with Austin deposition proceeded relatively 
uninterrupted for the remainder of the Cretaceous. 
The Blossom Sand Formation was deposited during 
minor regressive phases of th is Upper Cretaceous 
transgression on the northern periphery of the East 
Texas Basin. 

At the close of the Cretaceous Period, noted by 
upl ifting of the western area and subsidence of the 
coastal area, sediments of Tertiary and Quaternary 
age were deposited. The repeated transgression 
and regression of the sea resulted in an alternating 
sequence of marine and continental deposits. 
Throughout Tertiary time, except for minor periods of 
subsidence, the land surface was eroded and modi-
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fied by streams. During Quaternary time, streams 
deposited alluvial sediments. Older stream sedi­
ments are represented by terrace deposits above the 
alluviated valleys of present streams. 

Stratigraphy 

Mesozoic sediments of the East Texas Basin 
represent a sequence of transgressions and regres­
sions. Depositiona l systems range from fluvial­
deltaic to marine. Limited stratigraphic work in the 
study area on the Austin Group has resulted in major 
differences in nomenclature and interpretation of 
facies relationships. Generally, sand within the 
stratigraphic position of the Austin Group is included 
inthe Blossom Sand Formation (Wood and Guevara, 
1981). Blossom Sand beds are discontinuous and, 
where absent, the overlying Brownstown and under­
lying Bonham Formations are indistinguishable on 
electric logs. 

As previously mentioned, Austin and post­
Austin Gulfian beds represent a general transgres­
sive depositional phase. The Blossom Sand was 
deposited in a fluvial-deltaic environment during 
minor regressive phases of this transgression. The 
Ouachita Mountain system was the probable source 
area supplying sediments which were deposited on 
the northern periphery of the East Texas Basin. Evi­
dence of a northeasterly source area is an increasing 
grain size from shales and marls in the south and 
west to coarser sediments in the northeast. 

The Tokio Formation of southeastern Okla­
homa and southwestern Arkansas is of Upper Creta­
cecus age and occurs in the same stratigraphic 
position as the Bonham and Blossom Sand in north­
east Texas (Dane, 1929). Sedimentary features of 
the Tokio Formation, such as cross-bedded sands, 
ligniticlayers, plant and leaf impressions, and lenticu­
lar gravel beds, suggest a near-shore facies. 

The Blossom Sand crops out in a narrow east­
west trend ing belt in Fannin, Lamar, and Red River 
Counties (Figure 2) . Alluvial deposits that are hydro­
logically connected to the Blossom Sand cover much 
of the outcrop, particularly in northeast Red River and 
northwest Bowie Counties. South of the outcrop, the 
Blossom Sand underlies younger deposits of the 
Austin Group. The Blossom Sand Formation con­
sists of layers of blu ish to light-grayish, fine- to 
medium-grained, unconsolidated, ferruginous, and 
glauconitic sand separated by layers of shale, clay, 
marl , and chalk. Formation th ickness within the 
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study area ranges from zero in central Fannin County 
to 400 feet in southern Red River and Bowie Coun­
ties. The graycolorofthe sands and shales indicates 
that moderately reducing conditions existed in the 
muds at the time of deposition. The presence of 
glauconite suggests water depths between 100 and 
3,000 feet. 

Less than 29 percent ofthe formation thickness 
is sand with areas of greatest net sand thickness 
occurring in Red River and Bowie Counties (Figure 
3). The sand beds are generally discontinuous; 
however, two water-bearing sand units appear to be 
laterally persistent. The lowest water-producing 
sand is up to 60 feet thick and is traceable through 
Bowie and Red River Counties, merging into chalk 
and marl approximately at the Lamar County line. 
The upper water-producing sand is generally less 
than 20 feet thick extending from central through 
eastern Lamar County. These two sand beds are 
separated by thick beds of impermeable clay and 
marl and are not hydrologically connected. 

Table 1 shows the approximate maximum 
thickness, lithologic description, and water-bearing 
characteristics of the stratigraphic units within the 
study area. Figures 4 and 5 are geologic cross 
sections which illustrate the vertical and lateral rela­
tionships of structure and stratigraphy. Locations of 
the cross sections are shown on Figure 2. Figures 6 
and 7 are maps showing the approximate altitude of 
and depth to the top and base of the Blossom Sand 
Formation. The top and base are mapped on the 
uppermost and lowermost sands within the Austin 
Group. 

Seven test holes drilled through the Blossom 
Sand during this investigation resulted in a better 
delineation of the extent of the formation which 
contains sufficient quantities of usable-quality 
ground water. Formation characteristics of the Blos­
som Sand were evaluated by analyzing cores taken 
in sandy intervals of test hole WB-16-17-602 in Red 
River County. Median grain diameter (0

50
1 ranges 

from silt to fine grained sand in size. The average 
porosity is approximately 37 percent but, due to the 
small grain size, the specific yield is generally less 
than seven percent. 

OCCURRENCE OF GROUND WATER IN 
THE BLOSSOM SAND AQUIFER 

Recharge, Movement, and Discharge 

Recharge is the process by which water is 
added to an aquifer. It may be absorbed on the 
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outcrop from precipitation, streams, or lakes either 
directly into a formation or indirectly by way of an­
other formation. Factors which affect an aquifer's 
capacity to be recharged are the amount and fre­
quency of precipitation, the areal extent of the out­
crop, the topography, the type and amount of vege­
tation, the type and condition of the soil in the outcrop 
area, and the capacity of the formation to accept 
recharge. 

Recharge of the Blossom Sand aquifer occurs 
through infiltration of precipitation on the outcrop. 
Deep loamy soils overlying most of the Blossom 
Sand outcrop are derived from clayey sediments and 
are generally very slowly permeable. Although soils 
covering the outcrop can inhibit recharge due to a 
slow rate of water transmission, thin, high-level ter­
race deposits in places on the outcrop form a good 
recharge facility to the Blossom Sand aquifer. 

The amount of water that enters an aquifer and 
is available for development is the effective recharge. 
Annual effective recharge of the Blossom Sand 
aquifer was determined by applying a value of one­
half of one percent (0.005) of the mean annual 
precipitation that falls on the sandy rechargeable 
portion of the formation outcrop and the alluvium that 
covers the outcrop. This value was assumed based 
on calculations made by Ashworth (1988), who de­
termined that 0.005 of the mean annual precipitation 
falling on the Nacatoch outcrop enters the aquifer 
system as recharge. Analyses of cores taken from 
test holes in the Nacatoch and Blossom Sand indi­
cate similar lithologies, grain sizes, and cementation. 
Pump tests indicate similartransmissivities, and both 
outcrops are partially covered by very slowly perme­
able soils. Based on these similarities, a value of 
0.005 was assumed for the Blossom Sand aquifer 
which equates to an average annual effective re­
charge of 811 acre-feet. 

Duetothe discontinuity of sands and the imper­
vious nature of the intervening beds, the study area 
was divided into three recharge zones. Zonal divi­
sion was based on an average percentage of the total 
formation thickness which is sandy as estimated 
from electric logs and on subcrop totally covered by 
alluvium. In western Bowie County and the eastern 
one-third of Red River County, the Blossom Sand 
Formation is totally covered by alluvium. The allu­
vium recharges readily and probably fi lters water 
directly into the sandy portions of the underlying 
Blossom Sand Formation. Approximately 29 percent 
of the formation outcrop consists of rechargeable 
sand in the central and western two-thirds of Red 
River County, while only 15 percent of the formation 
outcrop is sandy in the eastern half of Lamar County. 
From central Lamar County westward, most of the 
formation has merged into marl and therefore does 
not contribute significantly to the total annual effec­
tive recharge. Of the 210 square miles of Blossom 
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Yield, in gallons per minute (gal/min): small, less than 100 gal/min; 
moderate, 100-1,000 gal/min; large, more than 1,000 gaVmin. 

Approximate 
maximum 

Formation thickness (It) Lithology' 

Alluvium Sand, silt, clay and 
gravel 

75 
Fluviatile, ter· 
race deposits 

Marbrook Marl Clay, marl, shale, chalk, 
Pecan Gap Chalk 1,500 mudstone, and sandstone, 

Wolfe City· very fine·grained 
Ozan Formation 

Gober Chalk Chalk, discontinuous 

Brownstown Clay or shale 

Blossom Sand Fine to medium sand inter-
bedded with light to dark 

400 700 marl and chalky marl 

Bonham Clay or shale 

Ector Chalk 

Shale with thin beds of 
650 sandstone and limestone 

Water-bearing 
characteristics 

Yields small to moderate quanti· 
ties of water to wells along the 
Red River 

Yields small qu antities of 
water to shallow wells 

Not known to yield water to wells 

Not known to yield water to wells 

Yields small to moderate quan· 
tities of water to municipal, 
domestic, and livestock wells 

Not known to yield water to wells 

Not known to yield water to wells 

Yields small quantities of 
water to shallow wells 

"Lithology from Wood and Guevara (1981) and Nordstrom (1982). 
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Sand Formation and alluvium outcrop, only 67 
square miles consists of rechargeable m'aterial. 

Normal movement of ground water is from the 
area of recharge to points of discharge, Ground 
water in the Blossom Sand aquifer normally moves in 
a south-southeasterly direction, down gradient, and 
perpendicular to the contours of the potentiometric 
surface (Figure 8), Factors which may alter the 
normal direction of movement of ground water in­
clude variance in lithology and change in slope of the 
potentiometric surface due to heavy pumpage, Such 
a change in slope can be seen in the vicinity of 
Clarksville where continuous pumpage has caused 
an increase in the hydraulic gradient in the direction 
of the points of discharge, As a result, a preferred 
flow path has developed toward those points , 

Discharge is the process by which water is 
released from storage, It occurs naturally through 
seeps and springs and artificially through pumpage 
of wells, Municipal wells in Red River County are the 
primary means of discharge, although five flowing 
wells in Lamar County have discharged considerable 
amounts of water in the past. 

Hydraulic Properties 

The ability of an aquifer to store and transmit 
water determines the capacity of that aquifer to yield 
water to wells, These parameters are dependent on 
the porosity and hydraulic conductivity of the forma­
tions which make up the aquifer and are expressed 
as the aquifer's coefficient of storage and transmis­
sivity, An average porosity of 37 percent by volume 
was determined for sand intervals cored in Board test 
holes, 

A determination of the coefficient of storage is 
important in the calculation of the amount of water 
stored in an aquifer. A reasonable estimate of 
artesian coefficient of storage can generally be made 
by multiplying the aquifer thickness by 1 x1 a's, Two 
wells belonging to the City of Clarksville have coeffi­
cients of storage of 7x1 a·' and 3x10" , respectively 
(Table 2) , Specific yield is considered to be equiva­
lent to the storage coefficient of a water table (uncon­
fined) aquifer. The specific yield of wells underwater­
table conditions ranges from approximately 0,1 to 
0,3, 

Transmissivity is a measure of an aquifer's 
ability to transmit water and is important in computing 
the amount of water available from an aquifer on a 
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continuous basis, The transmissivity of the Blossom 
Sand aquifer as determined from nine pump tests 
(Table 2) ranges from 85 to 549 square feet per day 
(ft2td), 

Hydraulic conductivity of the Blossom Sand 
aquifer was calculated by dividing transmissivity by 
contributing sand thickness or by screened interval in 
a well. In eight pumping tests (Table 2) hydraulic 
conductivity ranged from 2,7 to 7,1 feet per day, 

Chemical Quality 

The chemical quality of water available from the 
Blossom Sand aquifer is variable as depicted on the 
water-quality map (Figure 9) , Ground water in the 
Blossom Sand, like all other aquifer waters, contains 
dissolved minerals , the concentration of which deter­
mines its usefulness, The following classification of 
water by Hem (1970, p, 219) is based on the dis­
solved-solids concentration in parts per million 
(ppm), 

Description 

Fresh 
Slightly saline 
Moderately saline 
Very saline 
Brine 

Dissolved-solids 
content in ppm 

Less than 1 ,000 
1,000 to 3,000 

3,000 to 10,000 
10,000 to 35,000 
More than 35,000 

The approximate downdip limit of fresh to 
slightly saline water (3,000 mgtl) (Figure 9) indicates 
that usable-quality water in the Blossom Sand occurs 
primarily in wells located on the format ion outcrop 
except in the vicinity of Clarksville where the line dips 
approximately six miles to just south of the city, Since 
laboratory analyzed samples are limited, additional 
data were considered in order to approximate the 
downdip limit. A satisfactory relationship between 
chemical quality and electric log resistivity can be de­
termined when aquifer properties are well known. 
However the number of wells in the Blossom Sand 
with analyzed water samples and electric logs are 
few, As a result , an empirical relationship between 
electric-log resistivity and dissolved-solids concen­
tration, applicable to sand aquifers generally, was 
used to approximate the southern limit of fresh to 
slightly saline water. 

The median value and range of the mineral 
constituents or properties of water from the Blossom 



Table 2,-Results of Pumping Tests 

Date Screened Coefficient Hydraulic Specific 
test interval Yield Transmissivity 01 conductivity capacity 

Welf began (It) (gal/min) (ft'/d) storage (ft/d) (gal/mlnllt) 

LAMAR COUNTY 

RT-17-21-710 Aug. 6, 1942 146-168 35 89' 4.0 0.4 

711 Aug. 30, 1942 164-190 38 85' 3.3 0.4 

RED RIVER COUNTY 

W8-16-17-402 July 2, 1965 91-166 10 

602 Sept. 2, 1982 25 

17-24-801 Oct. 26,1982 450-500 150 

803 Dec. 3,1969 465-530 156 

32-201 Aug. 9,1960 523-600 630 

203 Aug. to, 1960 510-603 630 

205 June21 , 1957 585-665 554 

"Transmissivity calculated from the Logan formula. 

Sand appear in Table 3. The median is a central 
value characteristic of the data. The range is an 
indication of the dispersion of the data. These 
numbers do not include data on water derived from 
alluvial deposits. 

Dissolved-solids content of sampled wells has 
a median of 853 mg/l and ranges between 56 and 
17,090 mg/l. Approximately 33 percent of the wells 
sampled exceeded 1,000 mg/l. Using the U.S. 
Geological Survey classification (Hem, 1970, p. 
219). water quality ranges from fresh to very saline. 
Generally, the dissolved-solids content increases 
rapidly downdip. Also, fresh water flushing is re­
tarded in areas where the sand contains large 
amounts of silt and clay. Dissolved-solids content of 
water from selected wells and test holes is shown on 
Figure 9. 

High iron content occurs in the Blossom Sand 
aquifer in localized areas and is often apparent by the 
reddish discoloration of material coming in contact 
with the water. All four samples in Lamar County and 
two of eight wells sampled in Red River County 
analyzed for iron exceeded the 0.3 mg/l recom­
mended limit. 
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235' 3.1 1.0 

192 

165 3.3 1.0 

176 2.7 1.3 

549 7xlO-5 7.1 

494 3xl0-5 5.3 

530' 6.6 2.3 

Su lfate content had a median value of 114 
mgll and ranged from 2 to 5,239 mg/ l. Six samples 
in Red RiverCounty, three in Lamar County, and one 
in Fannin County exceeded the 300 mg/ ilimitation on 
sulfate. A total of 10 samples exceeded the 300 
mg/i limitation on chloride. Chloride content gener­
allyincreaseddowndip. The median value of chloride 
was 124.5 mg/l; the range was from 1 to 10,282 
mg/l. Sulfate and chloride content are also depicted 
on Figure 9. 

A median pH of 8.2 indicates that generally the 
ground water is slightly alkaline. Deeper wells com­
pleted southeast ofthe outcrop show a slightly higher 
alkalinity than shallower wells completed on the 
outcrop. 

Hardness as calcium carbonate (CaCO,) was 
determined to be less than 60 mg/l in 56 of the 84 
water samples taken from the Blossom Sand aquifer. 
A hardness value of less than 60 mg/l is considered 
soft. 

Figure 10 displays water-quality data from the 
Blossom Sand on a Piper trilinear diagram. These 
diagrams are usefu l in interpreting water analyses 
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Table 3.-Statistical Measures of the 
Concentration of Dissolved Minerals 

and Properties in the Blossom Sand Aquifer 
(Concentrations in mg/l. except for SAR. RSC. specific conductance. and pH.) 

Constituent 
or property 

Silica (SiO,) 

Iron (Fe) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium (K) 

Bicarbonate (HC0
3

) 

Carbonate (CO,) 

Sulfate (SO.) 

Ch loride (CI) 

Fluoride (F) 

Nitrate (N03) 

Dissolved solids 

Hardness as CaC03 

Sodium-adsorption ratio (SAR) 

Residual sodium carbonate (RSC) 

Specific conductance 
(micromhos at 25°C) 

Hydrogen ion concentration (pH) 
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Median 

15 

0.1 

6 

1 

322.5 

4.0 

369 

o 

114 

124.5 

0.6 

0.4 

853 

27.5 

16.8 

2.7 

765 

8.2 

Range 

3 - 82 

0.0 - 71 .6 

1 - 496 

0-630 

1 - 6.334 

1 - 22 

0-815 

0-42 

2 - 5. 239 

1-10.282 

<0.1-3.1 

<0.04 - 45.3 

56 - 17.090 

4 - 3.830 

0.1 - 117.0 

0-13.1 

41 - 37.000 

3.6 - 8.9 



and in demonstrating certain relationships among 
ana lyses (Hem, 1970). Generally, the ionic concen­
tration of sodium and potassium is greater in the 
Blossom Sand aquifer than calcium and magnesium. 
Carbonate plus bicarbonate constitute 50 percent or 
more of the total anion milliequivalents per liter in 
many of the samples. 

Water from the Blossom Sand is generally 
unsatisfactory for the purpose of irrigation. Forty­
seven of the 84 samples collected exceeded a spe­
cific conductance of 750 micromhos at 25°C. The 
sodium adsorption rat io (SAR) in 16 of the samples 
collected exceeded the recommended upper limit of 
60, and over 50 percent of the samples exceeded 2.5 
mel l residual sodium carbonate (RSC). Many shal­
low outcrop wells drilled in the vicinity of Paris are of 
suitable quality for watering yards and gardens. 

Water Levels 

Changes in water levels of a water-table aquifer 
reflect a change in the amount of ground water in 
storage, and in an artesian aquifer the levels reflect 
changes both in storage and in artesian pressure. 
Major factors controlling such changes are the 
amou nt of recharge to and discharge from an aquifer. 
Minor fluctuations in water levels are in response to 
changes in the environment and, most commonly, in 
atmospheric pressure. 

Seasonal fluctuations can be attributed to vari­
ations in rainfall and evapotranspiration on the aqui-

fer outcrop. During periods of drought, water is 
withdrawn from storage without being replaced and 
the imbalance results in a water-level decline. When 
rainfal l resumes, the aquifer is recharged and water 
levels rise. 

Pumping wells can also alter the piezometric 
surface. When a wel l is pumped the water level 
declines, assuming the shape of an inverted cone 
with its apex at the pumped well. Expansion of the 
cone will continue until it intercepts some source of 
replenishment. Development of cones of depression 
depend on the aquifer's transmissivity and coefficient 
of storage, pumping rate, and length of time the well 
is pumped. Artesian aquifers, like portions of the 
Blossom Sand, develop cones of depression rapidly 
over a larger area because of small transmissivity 
and storage. 

Historical water-level trends in the Blossom 
Sand aquifer are difficult to trace due to the limited 
amount of data available. Figure 11 illustrates fluc­
tuations in three municipal wells which have been 
measured annually as part of the Board's water-level 
monitoring network. Water-level measurements 
taken during the winter of 1982-83 are shown on 
Figure 8. 

Heavy pumpage of ground water from munici­
pal wells has resulted in a significant decline of the 
water level in the vicinity of Clarksville. Factors such 
as increased municipal demand, close spacing of 
wells, and limited amount of ground water available 
from the aquifer are primarily responsible for the 
rapid water-level decline. In 1982, the pump in well 
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Figure 10.-Trilinear Diagrams of the Chemical Character 
of Ground Water From the Blossom Sand Aquifer 
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WB-17-32-205 was lowered 100 feet in response to 
the declining water level. Pumps in wells WB-17-24-
801 and WB-17-24-803, belonging to the Red River 
Water Supply Corporation, were also recently low­
ered. 

UTILIZATION AND DEVELOPMENT OF 
THE BLOSSOM SAND AQUIFER 

The City of Clarksville is the largest consumer 
of ground water produced from the Blossom Sand 
with an estimated 1982 pumpage of 589 acre-feet 
from two wells. Since 1955, the estimated pumpage 
has generally increased (Figure 12). Recent inspec­
tion and testing of the wells indicated a need to lower 
pumps as a result of declining water levels. Pumping 
tests indicated that initial yields from the two wells of 
650 and 500 gallons per minute had decreased 
significantly . 

In 1969, the Red River Water Supply Corpora­
tion began supplying ground water to rural communi­
ties in Red River County. The Corporation also 
lowered the pumps in two of its wells because of 

00 

00 

'00 

declining water levels. In 1982, 224 acre-feet of 
ground water was reported withdrawn from its three 
wells (Figure 12). 

Bagwell Water Supply Corporation began 
operations in 1972, pumping from four wells. This 
system was later annexed by 410 Water Supply 
Corporation , which uses surface water from Pat 
Mayse Lake. The quantity of ground water reported 
used during the period of operation varied between 
0.9 and 7.3 acre-feet annually. Paris airport pro­
duced from one well and estimated annual pumpage 
of 0.8 acre-foot. 

Most water wells pumping from the Blossom 
Sand aquifer are shallow domestic or livestock wells 
located on or near the outcrop. In the past, if 
adequate amounts of good-quality water could not be 
produced, a cistern was often constructed tocomple­
ment the ground-water supply. Baker and others 
(1963) estimated the amount of ground water from 
the Blossom Sand used for domestic, livestock, and 
miscellaneous purposes to be about 25 percent of 
the total pumpage. Considering the abandonment of 
numerous wells since that report, a closer approxi-

Rt<J Ri . .. WOI.r Suppl y Cor po ra r ion 

Figure 12.-Public Supply Ground-Water Pumpage From the Blossom Sand Aquifer 
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mation of this pu mpage is probably less than 10 
percent. A large percentage ofthe domestic wells in 
the study area have been abandoned in favor of 
public water supply systems. 

Relatively few acres in the study area are 
irrigated by water from the Blossom Sand aquifer 
(Texas Department of Water Resources, 1981). The 
subhumid climate generally provides a sufficient part 
of the crop water requirement through precipitation, 
requiring irrigation only during infrequent, critically 
dry periods. Even if a greater demand for ground 
water to be used for irrigation purposes existed, 
water from the Blossom Sand is generally unsatis­
factory to meet this need. The water from shallow 
wells located on the outcrop is usually chemically 
suitable for watering gardens and lawns. 

At present, no industrial entity pumps inde­
pendently from the Blossom Sand aquifer. Industrial 
users of ground water presently obtain water from 
municipal or water supply corporation sources. The 
high concentration of sodium, bicarbonate, and dis­
solved solids makes water from the Blossom Sand 
aquifer generally undesirable for industrial use. 

AVAILABILITY OF GROUND WATER IN 
THE BLOSSOM SAND AQUIFER 

Many factors determine the amount of water 
available for development from an aquifer. Hydro­
logic factors include: (1) the rate of recharge to the 
aquifer, (2) the volume of water in storage, (3) the 
ability of the formation to transmit water, and (4) the 
chemical quality of the water. Economic factors 
include the number and cost of wells required to 
produce the necessary quantity of water and any 
type of water treatment that might be necessary. 

The amount of fresh to slightly saline water 
available for development annually from the Blossom 
Sand aquifer is approximately 811 acre-feet, which is 
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the approximate average annual recharge. Theoreti­
cally, this annual effective recharge can be devel­
oped without reducing the quantity of ground water in 
storage. However, a single well or well field cannot 
recover the total sustainable annual yield. 

Very little water-bearing sand occurs in the 
Blossom Sand Formation west of central Lamar 
County (Figure 3) ; therefore, the western boundary 
ofthe aqu ifer is arbitrarily placed althe western edge 
ofthe City of Paris. Although a few shallow wells are 
present in the formation outcrop in Fannin County, 
the total amount of ground water available in this area 
is almost negligible and therefore is not included as 
part of the aquifer. 

The most desirable areas for development 
coincide with areas having the thickest sand beds 
containing fresh to slightly saline water. The thickest 
individual beds occur in northwestern Bowie and 
eastern Red River Counties (Figure 3). In western 
Red River County, an area of relatively thick net sand 
occurs which is the sum of several sand beds. 
Thickness of individual sand beds decreases from 
east to west. Although the net sand thickness is 
sufficient in this area, the amount of water available 
for development which meets usable chemical-qual­
ity standards is limited. 

Alternative sources of good-quality water exist 
in the vicinity of the Blossom Sand aquifer. Wells 
producing from the alluvial deposits along the Red 
River provide enough water to meet the municipal, 
domestic, and livestock demands of the local area. 
The Woodbine aquifer provides fresh to slightly sa­
line water in western Lamar and Fannin Counties 
where it is not available from the Blossom Sand. At 
much greater depths the Paluxy-Antlers aquifer 
produces usable-quality water over most of the study 
area. Also, the Nacatoch aquifer occurs south of the 
study area in Bowie and southern Red River Coun­
ties. In addition to ground water, large quantities of 
water are presently being supplied from surface 
sources. 
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