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ABSTRACT

Balmorhea, located in the Toyah Basin at the foot of the Davis Mountains

in western Texas, is the center of a thriving farming community, the lands of

which are irrigated uyith water derived for the most part from large springs.

During prosperous farming years the total area under irrigation has reached

about 10,000 acres. In 1932, a year of financial depression and low prices for

farm products, the area irrigated was estimated as about 7,000 acres. The

irrigation system includes a reservoir which is used to store flood waters from

Toyah Creek and a part of the winter flow of the springs. The capacity of the

reservoir, originally about 6,000 acre-feet, has been reduced to some extent by

silting and partly on this account a shortage of water occurs during the late

summer and fall in years when the requirements for irrigation are large. This

condition would be relieved and possibly new land could be irrigated if a large

additional supply of "water could be obtained from wells. On the other hand, the

community would suffer severe loss if withdrawals of water through wells should

result in a material reduction in the discharge of the springs. One of the

chief purposes of the investigation discussed in this report was to obtain

information that will throw light on this important question.

The rocks exposed in the vicinity of Balmorhea comprise Lower and Upper

Cretaceous marine sediments, Tertiary volcanic deposits and lava flov\rs, and

Quaternary alluvial deposits. The Lower Cretaceous rocks consist mainly of

massive thick-bedded limestone with some inter-beddod calcareous shale and a

basal unit composed of sand or sandstone. Their total thickness at Balmorhea is

not known but is believed to be about 500 feet. The Upper Cretaceous rocks are

mostly of clayey composition but include some thin bedded flaggy or hard platy

limestone at the base. The evidence suggests that these rocks have a thickness

of at least 500 or 600 feet in most places. Volcanic rocks of Tertiary age form

the capping of the Davis Mountains and of numerous ridges and hills on their

flanks in the vicinity of Balmorhea.
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Usually the base of the volcanic series consists of a bod of white tuff or ash

which is overlain in turn by volcanic breccia and a succession of lava flows

with interbedded tuff. These rooks have a total thickness of 1,500 to 2,000

feet. Deposits of gravel and alluvium of late Tertiary, Pliocene and Recent age

overlie the bed rock of the lower mountain slopes and most of the lowlands in

this vicinity.Above the settlement of Brogada these gravels, according to well

records, are 50 feet deep or slightly deeper in a few places but usually are

from 15 to 25 feet deep. Below Brogada they are much deeper.

The climate of Balmorhea and the surrounding region is semi-arid and in

most years farming can not be carried on successfully without irrigatLon.

The Balmorhea springs consist of six springs or groups of springs that

appear at irregular intervals in the floor of the valley of Toyah Creek, called

Phantom Lake, San Solomon, Giffin, Saragosa, West Sandia and East Sandia springs,

and a series of springs and seeps that rise in the bed of Toyah Creek. The

springs are of two types, artesian and gravity. The largest, San Solomon,

Phantom Lake and Giffin vrtiich together contribute most of the available water

supply belong to the first class and the others to -the latter class. It is

believed that the artesian springs come from a reservoir in an extensive inter

connected system of fissures and solution passages in Lower Cretaceous limostone.

The Y/ater enters the limostone between the springs and the Davis Mountains, the

principal area of intake being a long anticlinal valley which parallels the

steep front of the mountains west, northwest and southwest of the springs. In

this valley the beveled edges of the limestone appoar at the surface or lie

beneath a relatively shallow mantle of stream and terrace gravel. The streams

from Aguja, Little Aguja, Madera and Cherry Canyon lose heavily between the

mouths of their canyons and tho down stroam edge of this valley. Rainfall on

the mountain slopes and bordering gravel covered torraces and seeps that issue

at tho base of tho volcanic rocks also contribute, the water from theso sources

reaching the limestones by latoral movement through tho gravels.
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The water rises in the springs by artesian pressure along faults in which

relatively impermeable Upper Cretaceous rocks have been -dropped down against

the water-bearing Lower Cretaceous limestone.

The gravity springs are fed from shallow ground waters in the toyah Valley

gravels. These waters are replenished by rainfall on the valley floor and by

seepage from Toyah Creek, canals, ditches and irrigated lands and to some extent

by seepage from the artesian springs.

Between the fall of 1931 and the fall of 1953 continuous records of the

discharge of San Solomon, Phantom Lake, Giffin and East and West Sandia springs

were obtained, and the discharge of Saragosa and Toyah Creek springs was measured

occasionally. During the period, the combined flow of the five springs first

mentioned was at the rate of about 48,000 acre-feet a year and the conbined

discharge of the Saragosa and Toyah Creek springs apparently was at the rate of

6,500 to 7,000 acre-feet a year. Thus the estimated flow of all the springs

from the fall of 1931 to the fall of 1933 was at the average rate of around 55,000

acre-feet a year. The total rainfall during the two years was considerably above

normal, and on that account, the annual discharge is believed to have been

materially greater than the long-term average.

Following heavy rains in September 1932, the discharge of San Solomon

Spring was more than doubled, and that of Phantom Lake Spring was multiplied

about nine times. Also the discharge of Giffin Spring was increased about

33-l/3 per cent, Saragosa Spring about 100 per cent, and Toyah Creek springs

about 400 per cent. The flow of East Sandia and West Sandia, however, increased

very little. San Solomon and Giffin springs showed an increase almost immedi

ately after the start of the heavy rains. The increase in the flow of these

two springs was accompanied by a sharp decline in the temperature and mineral

content of the water, and the discharge of both springs became muddy or cloudy

for a time.
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It is concluded that a well put down in the vicinity of Phantom Lake Spring

or in the area between that spring and the San Solomon-Giffin Spring fault might

tap the limestone reservoir at shallow depths, but if pumped heavily, it would

be practically certain to deplete the flow of the artesian springs. From the

San Solomon-Giffin Spring fault to the Brogada Hills, the water-bearing horizon

in the Lower Cretaceous limestone probably is around 700 to 800 feet below the

surface. If the fault barrier is not complete, a well in that area might deplete

the flow of the springs. If the barrier is complete, solution channeling may

not have developed extensively in the limestone, because of lack of circulation,

and as a result the limestone may be comparatively tight and the water in it

highly mineralized. In the district between the Brogada Hills and Saragosa the

limestone is perhaps 1,000 to 1,200 feet below the surface, and in that district

it is reasonably probable that any water which occurs in the limestone is shut

off from the reservoir that supplies the artesian springs. A deep well in that

district therefore would not be expected to interfer wi th their flow.

Some water probably could be developed from shallow wells if they were put

down near the upper end of the Balmorhea district, in areas fairly remote from

the gravity springs, (Toyah Creek, Saragosa and Sandia), so as to avoid

depleting their flow, at least during the irrigation season.



Introduction

Purpose and scope of the investigation

Balmorhea is the center of a thriving farming community the lands

of which are irrigated with water derived for the most part from large

springs. During prosperous years the total area under irrigation has

been about 10,000 acres. In 1932, a year of depression and low prices,

the irrigated area was estimated at about 7,000 acres. The Reeves County

Improvement District No. 1, a cooperative organization, embracing most

of the farms in the area, has a reservoir (see :£i# 2) which is used to

store a part of tho winter flow of the springs, together with flood

waters of Toyah Crook when such waters arc available. The reservoir

originally had a capacity of about 6,000 acro-feet but silting has re

duced tho capacity of tho reservoir so that a considerable part of the

winter flow of tho springs and flood wat^r passes tho reservoir. As a

result there is a shortage of water during the late summer and fall in

yuars when the irrigated acreage is large. The shortage is not serious

enough to cause destruction of crops but is sufficient to reduce the yield

from some of tho lands.

The community would bo materially benefited if water could be with

drawn by wells from tho natural underground reservoirs without depleting

tho flow of the springs. Thereby tho shortage during the latter part of

tho irrigation season would bo relieved and additional lands might be

irrigated. On the other hand, tho community might suffer serious loss

if the operation of wells should materially reduce the flow of the springs,

The loss might be irreparable if wells were put dovm by outside interests

for the irrigation of new lands and the owners of the springs had no

recourse.
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Tho chief purpose of the investigation in the Balmorhea district,

therefore, was to obtain information that will throw light on this

important problem. An important part of the invest!gation was to compile

an authoritative long-time record of the flow of the springs which will

serve as evidence, if necessary, to protect the rights of the owners of

the springs.

The field work, which was done chiefly in 1931 to 1933, included the

following: The geology of the Davis and Barrilla Mountains and Balmorhea

district was studied* Weirs and automatic water-stage recorders were

maintained for about two years on Phantom Lake, San Solomon, Giffin, •West

Sandia and East Sandia springs, and continuous records were thereby obtained.

Gages were installed on Limpia Creek and the streams in Cherry, Madera, Big

Aguja and Little Aguja Canyon, and a water-stage recorder was maintained in

Madera Canyon. Several series of measurements were made with current meters

along these streams in order to determine losses by seepage and gains by

ground-water inflow in various relatively short stretches,, Discharge

measurements were made to determine seepage losses from the main canal and

laterals of the Reeves County Water Improvement District No. 1. The water

table in the valley of Toyah Creek near Balmorhea was mapped. The depths

to the water levels in 13 selected shallow wells wore measured monthly and

sometimes weekly for nearly two years and a water-stage recorder was main

tained on one of the wells for about l-l/2 years. Analyses were made of the

waters of the springs'and selected wells.

In general the geological parts of this report wore prepared by Hoyt

S0 Gale and the discussion of the ground-water conditions by Walter N, White.

The preliminary studies of the geology and ground-water conditions of the

district and surrounding region wore made by S3 S. Nye. The measurements

of the flow of the springs and streams were largely made by V. W. Rupp.
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The investigation was made under the general direction of 0. P. Meinzer,

geologist in charge of the ground water division of the Geological Survey.
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Topography and drainage

Balmorhea has an altitude of about 3,200 feet. It is situated along

the southwestern margin of the Toyah Basin outwash plain, on Toyah Creek,

near the foot of the Davis and Barrilla Mountains (see fig. l). These

mountains are characterized by flat tops, steep slopes and narrow V-shaped

canyons, The tops of the Davis Mountains are mostly from 5,000 to 6,000

feet above sea level but Star Mountain and Timber Mountain, two of the

most conspicuous flat-topped mountains in this part of the range, rise to

6,350 and 6,442 feet respectively. The highest peak in the Barrilla Range

reaches an altitude of 5,560 feet. The surface between the mountains and

Balmorhea and around Balmorhea is broken by several low ridges or isolated

hills. These include a ridge or line of lew hills between Balmorhea and

the Davis Mountains which is parallel to the front of the mountains and a

narrow northwest-southeast ridge about three miles long east of Balmorhea

which is known as the Brogada Hills. The mountains and adjacent plain are

drained by Toyah Creek, which is formed about six miles southwest of Balmorhea



by the junction of streams from Big Aguja, Little Aguja and Madora Canyons.

Toyah Creek carries great quantities of storm water at times but is generally

dry, except a short stretch of about four miles near Balmorhea, where there

is a perennial flow of spring water, Most of the storm water is diverted,

near Balmorhea, into a reservoir belonging to Reeves County Water Improvement

District No# 1, During exceptionally heavy floods a part of the water passes

the reservoir diversion dam and either seeps into the gravels of the outwash

plain or empties into Toyah Lake, located about 30 miles to the north.

The adjacent area on the north is drained by a creek from Cherry Canyon

and that on the south is drained by Limpia Crook (sometimes called Barrilla

Draw), Both have perennial flow in the mountains but lose their water soon

after reaching the foot hills. Both carry large amounts of flood water

at times.

Springs

The Toyah Basin is noted for two groups of large springs, one of which

is located near Balmorhea and the other near Fort Stockton. The Balmorhea

group consists of six springs or groups of springs that appear at

irregular intervals in the floor of the valley of Toyah Creek, called

Phantom Lake, and San Solomon, Giffin, Saragosa, West Sandia, and East

Sandia Springs, and a group of springs and s:;eps that rise in the bed of

Toyah Crook, Tho location of tho springs is shown on plate 1 and figure

1 and 2.

Phantom__Lake spring flows from a crevice in limestone at the base of

a ridgo about eight miles southwest of Balmorhea. San Solomon and Giffin

springs rise from gravel deposits in .the floor of the valley near Toyah-

vale, about four miles southwest of Balmorhea. Saragosa, West Sandia and

East Sandia springs rise from gravel in the bottom of shallow drainage

channels near Balmorhea. The Toyah Creek springs rise in gravels in the



channel of the crook near Balmorhea.

The springs have a combined discharge of about 23,000 gallons a min

ute during dry years and a much larger discharge during wet years.

Measurements of the discharge of all tho springs are given on pp 55-80,

San Solomon Spring, Phanbom Lake and Giffin Springs rise from a vast

reservoir in cavernous limestone. The others have their source in

relatively shallow sand and gravel and arc essentially water-table springs,

Climate

The climate of Balmorhea and the adjacent region is semi-arid, and

in most years farming cannot bo carried on successfully without irrigation.

In summer the days are hot, but the nights are cool. The winters arc com

paratively mild, but killing frosts are not uncommon between November and

March,

The U. S, Yfeather Bureau has obtained records of precipitation at

the State Agricultural Experiment Station, near Balmorhea, at Fort Davis,

30 miles south of Balmorhea, during 55 years since 1857, and at Fort

Stockton, 50 miles cast of Balmorhea, during 60 years since 1870. The

average annual precipitation during the periods of observation down to

1936, inclusive, was as follows: Balmorhea, 13.43 inches; Fort Davis,

16.51 inches; and Fort Stockton, 14.89 inches.

In most years botweon 1924 and 1936 tho precipitation at the three

stations showod similar trends, but there were exceptions to that general

rule, For example, in 1933 the precipitation was about the average at

Fort Stockton and much bolow the average at Balmorhea and Fort Davis, and

in 1936 it was well above the average at Fort Davis, about the avorago at

Balmorhea, and below tho avorago at Fort Stockton. If tho long-time records

at Fort Davis and Fort Stockton arc accepted as a basis for estimate, it

would appear that the average annual precipitation at Balmorhea from 1924



to 1936 did not differ materially from the long time average in that

vicinity, but that the proportion of very dry years, namely four out of

13, was unusually high. Exceptional years in the Balmorhea record were

1932, with a precipitation of 28.15 inches, 1953, with a precipitation

of only 6.43 inches, and 1934, with a precipitation of 3.89 inches,

The precipitation in the Davis Mountains averages considerably

higher than the average at Balmorhea, but no accurate information is

available from which a comparison can be made. Some pine timber is found

on the tops of the mountains, notably on Timber Mountain, but the mountain

vegetation generally consists of cedars and brush and shrubs that are

common to semi-arid regions. According to common report the average rain

fall is higher in the mountains, but the storms, particularly in summer,

are erratic. It often rains in the mountains when none falls at Balmorhea

and sometimes the opposite occurs. Rains occur at times on a part of the

mountains and produce a run of storm water in one canyon while on adjacent

areas the canyon streams remain dry.

The following tables, taken from the records of the United States

TATeather Bureau, give the annual precipitation at Fort Davis from 1355 to

1860, from 1870 to 1890 and from 1902 to 1936; at Fort Stockton from 1870

to 1886 and from 1894 to 1956; tho monthly precipitation at Balmorhea from

October 1923 to December 1936, and the daily precipitation at Balmorhea

from October 1931 to September 30, 1933.
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Annual precipitation in inches

at Fort Davis, Jeff Davis County, Texas

Precipitation Year PrecipitationYear Precipitation
21.21 1883 14.22 1919 20.22

25.94 1834 22.56 1920 25.11

19.82 1885 14.22 1921 10.10

14.12 1836 12.64 1922 12.33

22.55 1887 18.50 1923 13.17

8.52 1888 18.11 1924 14.14

12.67 1889 11.34 1925 16.65

6.78 1890 18.34 1927 13.09

10.01 1902 14.95 1928 14.30

16.29 1903 12.39 1929 14.03

20.10 1904 20.19 1930 15.80

27.68 1905 23.13 1931 15.54

23.92 1912 12.93 1932 25.56

16.16 1913 18.82 1933 11.73

15.43 1914 23.95 1934 9.40

21.41 1915 11.98 1935 10.87

23.48 1916 10.10 1936 20.37

27.54 1917 9.35

20.22 1918 14.30 Average 16.51

Annual precipitation in inches

At Fort Stockton, Pecos County, Texas

Precipitation Year Precipitation Year Precipitation
18.58 1397 11.21 1917 5.68

5.88 1898 7.29 1918 14.54

12.99 1899 10.22 1919 24.79

11.20 1900 19.58 1920 21.39

13.90 1901 10.17 1921 10.32

16.78 1902 11.42 1922 12.11

12.45 1903 12.00 1923 18.83

13.00 1904 15.97 1924 9.82

12.47 1905 20.65 1925 20.43
5.12 1906 19.27 1926 18.32

33.76 1907 12.01 1927 12.12

12.65 1908 12.31 1928 18.30

25.56 1909 11.27 1929 16.30

27.39 1910 4.07 1930 9.00

24.07 1911 20.24 1931 15.97

20.02 1912 10.31 1932 24.61

9.84 1913 13.11 1933 14.63

10.73 1914 22.58 1934 6.87

27.70 1915 13.92 1935 10.12

16.33 1916 7.95 1936

Average

12.75

14.89



L*

Monthly precipitation in inches at Balmorhea, Reeves County, Texas, 1923-1936.

Year Jan. Feb. Mar. Apr. May June July Aug. Sent. Oct. Nov. Dec. Annual

1923 .90 1.48 1.48 2.17

1924 T. 1.98 .33 .46 .02 T. 1.50 .21 2.64 1.74 T. .23 9.11

1925 T. .00 .00 2.22 1.43 .13 2.13 3.73 2.27 2.65 T. .09 14.65

1926 .60 .00 1.68 .75 1.50 1.36 2.60 2.68 2.09 ?.69 .74 1.62 18.31

1927 .13 .44 .63 T. .37 .54 .94 .46 3.74 .37 .00 .58 8.20

1928 .01 .12 .03 .39 1.33 .66 4.97 4.62 3.06 .93 .64 .12 16.88

1929 .00 .77 .03 .84 1.28 1.33 .59 .92 2.13 1.81 .33 .23 11.16

1930 .32 .16 .47 1.50 .93 4.87 .72 2.82 .*7 1.98 .85 .73 15.82

1931 1,13 .90 .89 3.47 1.35 1.69 1.25 1.47 .43 .21 .86 2.25 15.90

1932 .48 3.79 .58 .45 2.19 .48 1.55 3.60 11.64 1.20 T. 2.19 28.15

1933 .08 .61 T. .03 .22 .42 .60 1.09 .92 2.20 .23 .03 6.43

1934 .39 .07 .29 .32 .23 1.03 .52 .81 .14 rn
± • .08 .01 3.CS

1935 T. .71 T. .45 1.58 .97 .50 3.20 2.57 1.06 .34 1.95 12.43

1936 .54 .00 .82 .09 2.65 .48 .95 .59 5.15 .56 1.81 .11 13.75

Average .28 .73 .55 .85 1.16 1.07 1.45 2.01 2.72 1.34 .52 .87 13.43

I
CO
I
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Rainfall recorded at BaLnorhwa, Texas

October 1, 1951 to September 50, 1933, inclusive

(inches)

1931 1932., Cont'd. 1932,, Cont'd. 1933, Co]at'd.

Oct. 11 .06 Apr. 26 .27 Sept,, 7 1.83 liar. Tn3.CC

12 .09 27 .18 3 .44

13 .06 Total 0.45 19 .01 Apr. 25 .03

Total 0.23 Op .26 Total .03

Hay 10 .33 .16

Nov. 16 .03 11 .34 24 .03 Lay 17 .08

17 .21 14 .14 25 .13 24 .04

25 .01 16 .03 26 .44 25 .10

£16 .05 24 .48 27 .02 Total 0.22

30 .56 25 .55 28 .35

Total 0.36 27 .10 29 3.30 Juno 2 .13

29 .40 30 .47 13 .05

Dec. 1 .92 Total 2.19 Tota:)_ 11.64 19 .05

2 .15 29 .19

7 .47 Juno 19 .20 Oct. _L .07 Total 0.42

8 .12 22 .28 z .07

17 .15 Total 0.48 10 .05 July 17 .09

13 0 •*• —

July 3 .17

13

14

.39

.19

18

19

.27

Total 2.25 .18

4 .14 15 .01 31 .06

7 .70 20 .09 Total 0.60

1932 8 .03 21 .28

Jan. 4 .03 9 .03 25 .05 Aug. 2 .02

11 .34 10 .07 Total 1.20 12 .09

15 .08 22 .26 16 .04

22 .03 26 .05 Nov. Trace 24 .08

Total 0.48 30 .05 26 ..04

Total 1.55 Doc. 9 113 27 .06

Fob. 14 .13 10 .05 28 .04

15 .37 Aug. 7 .21 14- .34 29 .58

17 .03 8 .04 lS .13 50 .13

18 .17 9 .12 17 .07 31 .01

19 .40 12 .20 22 .07 Total 1.09

20 .75 18 .16 23 .91

21 1.06 26 .07 29 .05 Sopt. 1 .75

22 .80 27 .03 30 .46
o

.01

25 .08 29 .05 Tota:I 2.19 9 .05

Total 3.79 50 t-J 9 I d 13 .04
"

Tota1 3.60* 14 :o7

Mar. 2 .01 1933 Total 0.92

'.£ ,3,'3 Sept 1.03 u ' -J.i• 7 .06

5 .14 O .05 8 .02

12 .05 A 2.63 Total 0.08

Total 0.58 5 .10

6 .39 Fub. 8

25

26

.05

;28

.28

Total 0.61
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General geology
By Hoyt St Gale

The rocks exposed in the vicinity of Balmorhea comprise Lower and

Upper Cretaceous marine sediments, Tertiary volcanic deposits and lava

flows, and Quaternary alluvial deposits. The Cretaceous sediments are

probably underlain by a succession of Triassic, Permian and older strata

that are exposed in adjoining areas, particularly in the Delaware and

Guadalupe Mountains to the northwest and in the Glass Mountains and

Marathon area to the southeast. The occurrence of these rocks has been

extensively studied in recent years by geologists working for the various

oil companies, and a large amount of information has been published con

cerning theiru A review of this material, and field study centering in

the Toyah Basin, including the Balmorhea area, by the writer in the spring

and fall of 1932 and a part of the spring of 1933 is the basis for the

following summary statement of the geology of the area.

Lower Cretaceous rocks.- It is believed that the big springs of

Balmorhea and Fort Stockton come from an extensive network of fissures

and solution passages in limestones of the Comanchean series of Lower

Cretaceous age, which are the oldest strata exposed near Balmorhea. The

Comanche section includes, besides the limestones, interbedded calcareous

shale and a basal unit composed of sand or sandstone, at places containing

gravel, which although not exposed near Balmorhea is found in outcrops near

Kent to the northwest and in the foothills of the Glass Mountains near Hovey

to the southeast. The limestones are mainly massive, thick-bedded and very

fossiliferous. They characteristically weather to dark-colored craggy or

solution-rounded ledges, and low rolling to hilly topography.

The total thickness of the Lower Cretaceous at Balmorhea is not known

because tho base of the series is not exposed near that place and as far as
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is known none of the wells that have been drilled in the area have penetrated

the series. Near Fort Stockton, east of Balmorhea, it has been shown that

the maximum thickness of the series is about 600 feet, and near Limpia post-

office, 16 miles due south of Balmorhea, a deep well passed through about

700 feet of Lower Cretaceous rocks. It is believed that the Lower Cretaceous

section thins toward the northwest, and that in the vicinity of Balmorhea the

series is approximately 500 feet thick.

The uppermost limestone of the Lower Cretaceous series is well exposed

near Phantom Spring in a ridge that extends northwest from the spring along

the south side of the Old Spanish Trail highway. This limestone contains

several "sinks" or deep cavernous channels and crevices in this general

vicinity and from one of these crevices emerges the water that feeds Phantom

Lake. The section is repeated in a parallel ridge on the north side of the

highway by a fault that passes near the spring (see map, plate 1, p. 81). This

area of outcrop of the Lower Cretaceous extends essentially continuously from

these exposures toaad beyond the Texas and Pacific Railroad at San Ilartine in a

gradually broadening band which is structurally a faulted anticline that

plunges toward the southeast. A second faulted anticline, parallel to the

front of the Davis Mountains and to the first-mentioned anticline, passes

through the summit of Star Mountain and brings the limestone to the surface

again in a large area in the hills at the foot of the steep slope east of

Gomez Peak (fig. 1, p. 82). This anticline has been carved by erosion into a

broad valley which is adjacent to the steep front of the mountains and lies

athwart the courses of all the streams from Cherry Creek to Aguja Creek. The

anticline plunges to the southeast and the Lower Cretaceous limestone finally

disappears beneath the stream deposits that underlie the surface in most

places in the valley area. The southeasternmost exposure of the Lower
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Cretaceous along this anticline is found in a small outcrop in the channel

of Madera Creek five or six miles southwest of Phantom Lake Spring where the

creek crosses the axis of the anticline. Cherry, Madera, Aguja and Little

Aguja Creeks and other smaller streams that cross the anticline lose heavily

or disappear altogether into the gravel. It is believed that this water

passes through the gravel and enters the Lower Cretaceous rocks that doubt

less closely underlie the gravel a part of the way across the anticlinal

valley.

There is a very extensive exposure of Lower Cretaceous limestone

southeast of Balmorhea and east and southeast of the Barrilla Mountains

in an area that is crossed by Limpia Creek and other streams from the north

slope of the Davis Mountains. Limpia Creek disappears entirely during moderate

or low stages in that part of its course and in a stretch underlain by gravels

immediately above the outcrop. The Lower Cretaceous is also exposed in an

area in the center of the main anticline of the Barrilla fountains southeast

of Balmorhea and may take in considerable water there.

Upper Cretaceous rocks. - The Upper Cretaceous rocks in this area are

mostly of clayey composition, but they include some limestones in the lower

part of the series that may be subject to solution channelling. On the

whole tho rocks of this series are relatively impermeable and serve as an

effective confining layer for the water that gets into the underlying Lower

Cretaceous strata. In localities where thoy have been dropped down by fault

ing and lie againsbthe Lower Cretaceous rocks thoy may serve as a barrier and

cause the water to rise to the surfaoe as springs. It appears that such

structure is responsible for the large springs noar Balmorhea.

The Upper Cretaceous series in this region has a thin bedded flaggy or

hard platy limestone at the base, which weathers to a noticeable rusty-red

and yellow color on exposure. Whon freshly broken, most of this limestone
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is of chalky-white color, and most hillsides formed on it are covered by

dense flaggy slabs that ring when struck with a hammer. Somewhat higher

in the section these beds become more thinly stratified and shaly, and some

of the massive limestone weathers into chips like a shale but retains in the

flakes the firmness of a dense white limestone.

Above the limestones of Upper Cretaceous age near i3almorhea is a con

siderable thickness of clay, described as blue clay by drillers when it is

fresh and below the zone of weathering. In some exposures the weathered

surface is soft and of ochre-yellow color. This material being non-resistant

to erosion, is eroded into featureless valleys where it is unprotected by a

capping of harder rocks. It is usually covered in the valleys by an over-

wash of later detritus and on steep hillsides by talus and landslides from

the hard rocks above.

Exposures of Upper Cretaceous strata that are relatively limited in

area may be seen at several places between Balmorhea and the Davis Loun-

tain front. The beds are most prominently exposed immediately beneath the

lavas on the steep front of the Davis Mountains and in the foothills, and

there are several extensive exposures in the broad anticlinal valley extending

from Star Mountain to near Gomez Peak. One of tho most complete exposures of

the Upper Cretaceous series in normal sequence is found high on the slope on

the east side of Gomez Peak under the steep escarpment, but even here the

soft clay beds are much obscured by slides and talus of the hard rock from

the ledges above. An exposure of these beds in found in the west half of

section 15, block 13, H. and G. H. R. R. survey, a little more than a mile

northeast of Phantom Lake, but this section is far from complete. A good

exposure of the clay that overlies the limestone in the lower part of the

Upper Cretaceous is found in a .cut on the north bank of Toyah Creek about
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1-1/2 miles west of Balmorhea.

The thickness of the Upper Cretaceous series has not been determined

in the vicinity of Balmorhea. The section exposed on the steep front of

Gomez Peak indicates that the series is probably at least 500 feet thick

and it may be thicker beneath some of the valleys. Two wells approximately

400 feet deep, at Balmorhea, are reported to have penetrated clay and shale

to the bottoms of the holes. A well 600 feet deep about 20 miles south

east of Balmorhea in the valley of Limpia Creek at the east end of the

Barrilla Mountains is reported to have gone through blue clay, probably

all of Upper Cretaceous age, all the way. However, the east end of these

mountains has a synclinal structure and the Upper Cretaceous beds may be

uncommonly thick in the area. The evidence suggests a thickness of at

least 500 or 600 feet in most places, but the thickness may be considerably

greater than 600 feet in other places.

Tertiary volcanic rocks.- After the deposition of the Cretaceous

rocks in this region there was a withdrawal of the seas and slight folding

of the previously deposited strata and the rocks were subjected to considerable

erosion.

Volcanic rocks having a total thickness of 1,500 to 2,000 feet were

laid down on the eroded surface of the Upper Cretaceous rocks during early

Tertiary time. These rooks form the capping of the Davis and Barrilla

Mountains, and of numerous ridges and hills on their flanks. They were

probably originally spread far beyond their present area of outcrop, but

have been removed from many parts of the area by erosion. The lowest bed

of the volcanic succession is generally white tuff or ash, indicating that

the first volcanic eruptions were of the explosive type. Above the basal

tuffs is a widespread bed of volcanic breccia, composed of angular frag

ments of the volcanic rock in a matrix of lava. The breccia is overlain
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by lava flows of rhyolitic composition. Above these are beds of tuff and

at least two flows of lava which are of trachytic composition. The different-

parts of the series are so closely related that they are probably the product

of a single cycle of volcanic activity.

Since the volcanic rocks form the summits of the Davis and Barrilla

Mountains, they occupy a belt of rainfall greater than that of the adjoining

lowlands. Much of the lava is exceedingly porous because it is fractured and

jointed and some of it is slaggy and naturally full of cavities. It thus ab

sorbs much of the water that falls on it. Some of the layers of tuff are

clay-like and impermeable so that ^vater descending through the overlying per

meable lavas does not pass through them but flows along their surfaces to

emerge in springs along their outcrops. In general the volcanic rock rests on

the impervious clays of the Upper Cretaceous, and where this contact lies above

the gradient of the main drainage channels, as it does in many places, most

of the water absorbed by the volcanic rocks is again fed into the surface drain

age or stream and terrace gravels within the mountain area. The volcanic

series dips below stream gradients in certain structurally depressed areas, and

it is likely that where this occurs the porous lava forms important reservoirs

for the accumulation and storage of ground water below the level of the streams.

The water thus stored is probably prevented from penetrating directly to the

Lower Cretaceous limestone by the relatively impermeable basal volcanic tuff

and Upper Cretaceous clay. In some localities, however, it may eventually

reach the limestone by first rising into the streams or into the gravels under

lying them and then moving down stream to structurally high areas in which the

gravels lie directly on the limestone. The most important of these structural

depressions near Balmorhea is on the axis of a long syncline extending from

Limpia Creek where it flows between the Davis and Barrilla Mountains north

westward beyond the valley of Cherry Creek.
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After the extrusion of the lava in the Davis Mountain region, and

presumably while its surface was being eroded, the area was subjected

to gentle deformation, which produced a series of broad folds involving

the lavas and underlying rocks. The area of the volcanics seems to have

been depressed somewhat, perhaps in partial compensation for the weight

of the lava masses. This deformation took place in mid-Tertiary, and

perhaps in Miocene time.
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Late Tertiary, Pleistocene and Recent alluvial deposits.—Gravels and allu

vial deposits overlie the bedrock in the lowlands northeast of the Davis

Mountains. Available records of water well drilling in the Balmorhea area

show that the gravels in a few places are 50 feet deep or slightly deeper

but usually are from 15 to 25 feet deep. In the places the Cretaceous bedrock

is exposed at the surface and the gravel is absent.

The relation of the Balmorhea springs to the geology

In the foregoing summary of the geology references have been made to

the distribution of the rock formations about Balmorhea and to the geologic

structures in which these formations are involved. The accompanying areal

geologic map and profile showing the structure are drawn to the same verti

cal and horizontal scale, and if the interpretations are correct should give a

true picture of the position and attitude of these formations on the surface

and underground.

The profile section follows a line drawn from the triangulation monu

ment on the prominent lava hills about 2 miles southwest of Phantom Lake

Spring, in a northeasterly course approximately transverse to the main

structural lines of the district.

The distribution of the rocks which nearly everywhere are covered by

gravels and other surface formations is interpreted from the geologic map

ping of the outcrops that are available and the structure indicated by that

evidence. The thickness of the Upper and Lower Cretaceous formations is

taken as 500 feet for each unit, which is probably within about 100 feet of

being the correct thickness.

There is an unconformity between the Upper Cretaceous series and the

overlying lavas, the Cretaceous series having been folded into gentle
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anticlines and synclines and extensively eroded in the epoch between the

.withdrawal of the Upper Cretaceous sea and the deposition of the Tertiary

lavas. Therefore the part of the Cretaceous section that will be found

immediately beneath the base of the lavas in any particular locality cannot

be predicted.

Both lava flows and Cretaceous strata were involved in folding subse

quent to the distribution of the lava, but this is relatively insignificant

in tho small section of these beds included in tho diagram. The faulting

to which the whole section has been subjected, and which is an important

feature in the section, is believed to be of early Pleistocene age and

affected all of the rocks in the area except such Pleistocene gravels or

alluvium as have accumulated since that deformation. Aside from the permea

bility of the strata themselves, the geologic structure is undoubtedly the

controlling factor that determines the movement of the water underground and

the location and existence of the big springs.

The principal area of intake of the water discharged by tho springs

apparently is in tho anticlinal valley adjacent to tho stoop front of the

Davis Mountains. (see p. 11 and fig. 1, p. 82) where a large part of tho flow

of the mountain streams disappears into Lower Cretaceous limestone or into

stream gravels that ovorlio the limestone. The limestone dips to the northeast

from tho axis of tho anticlinal valley t..< the axis of a major northwest-south

east trending syncli.no and then rises to tho surface in tho vicinity of Phantom

Lake Spring. Tho axis of the synclino is vaarkod by a range of volcanic hills,

a part of which is shown in the southwestern corner of the geologic map (Plato 1

p. 81). In this synclino tho base of the Lower Cretaceous section probably sinks

to a depth of 1,000 to 1,200 feet or moro below tho major stream grades. The

water probably fills tho limestone in this structure to the height of its

confining rim on the northeast, and is brought to or near the surface at the



-10-

outcrop of the reservoir beds in the vicinity of Phantom Lake. About 1,000

feet northeast of Phantom Lake there is a clearly defined fault on the south

side of which the Lower Cretaceous strata have been tilted up steeply and on

the north side of which the whole section has been dropped down, bringing

relatively impermeable Upper Cretaceous strata against the Lower Cretaceous

limestone. The Upper Cretaceous rocks on the north side of this fault may

thus constitute an underground barrier to the passage of ground water at this

place and cause the water to rise to the surface in Phantom Lake Spring.

The spring emerges in a channel developed by solution along a fissure in the

massive limestone that extends underground below the present water surface.

Phantom Lake stands over a sink hole where the limestone has fallen in, but

there is no evidence of faulting at the lake. The course of surface drainage

below Phantom Lake is in approximately the same direction as the line of the

structure section.

Immediately to the northeast of the Phantom Lake fault the strata rise

gently toward the surface in the same manner as near Phantom Lake. This rise

might have a general tendency to bring the water up again, or such part of it

as sinks in this fault block, but it is again interrupted by a fault, the sur

face trace of which is obsoured but is believed to lie almost a mile north

east of Phantom Lake. (See PI. 1, p. 81).

The structure is shown in conspicuous outcrops in the channel of the

stream from Phantom Lake about one and one-half miles northeast of the spring

and about 1,000 feet north of the Old Spanish Trail highway. At this place

the upper part of the Upper Cretaceous lies at the surface and is capped by

a remnant of Tertiary lava. Therefore the area is structurally low.

No evidence of irregularities is known between this outcrop and the

vicinity of Toyahvale and the San Solomon and Giffin springs. The broad
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relatively level, alluvium-covered area that extends many miles both north

west and southeast from Toyah Creek in this part of the district is evidently

eroded on the little-resistant clays of the upper part of the Upper Cretaceous

section.

The valley within a radius of a mile of the San Solomon and Giffin

springs is covered everywhere with a mantle of gravel or other detritus but

a clue as to the probable character of the structure in their vicinity is af

forded by the evidence on the south slope of the lava hills that project into

the valley about a mile east of the springs. It is believed that the straight

line which bounds the southwestern side of the mass of volcanic rocks that

extends northwestward from the Barrilla Hills marks the trace of a fault.

On the southwest side of this fault the Lower Cretaceous limestone is believed

to be near the surface, and on the northeast side the Upper Cretaceous clays

are again faulted down against the water-bearing limestone. The springs them

selves are fair evidence of this. The inferred relations are shown by the

structure section.

The basin between the fault near San Solomon Spring and the Jrogada

Hills, which is the part of the valley in which Balmorhea is situated, is

mostly if not entirely underlain at shallow depth by the clay of the Upper

Cretaceous section. There is evidence of this fact in a number of outcrops

and this general structure is also indicated in the regional relations. In

this part of the valley the top of the Lower Cretaceous rocks probably is

about 500 feet below the surface. At the western foot of the Brogada Kills

there is considerable disturbance of the beds and the fact that they are com

posed of Tertiary lava indicates that these hills are a down-faulted block

along the southwest side of which impermeable Upper Cretaceous rocks are

faulted against the Lov/er Cretaceous limestone. If this assumption is correct
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the fault has produced a more or less effective barrier to the northeastward

movement of underground water in the limestone in this area.

The extensive plains that lie east of the Brogada Hills are, so far as

present evidence goes, developed on a broad structurally depressed area that

begins at the west with the syncline in the lava shown in the Brogada Hills.

There is a reasonable probability that the fault line bounding these hills on

the southwest separates the 3almorhea basin from the ground-water basin east

of the Brogada Hills. Evidence of this is soon in the fact that so much of

the ground water of the upper basin has boon brought to the surface above this

line of displacement. The gound water in the lower or Saragosa basin is

probably derived in part from the overflow from the Toyah Creek drainage

system, in part from the northern flanks of the Barrilla Mountains, and possi

bly in large part from the Lower Cretaceous limestone near the center of the

Barrilla Mountains where it may be close enough to the surface to receive water

through the gravels from surface streams.

The blanket of gravels that underlies the Saragosa plains is thicker

than the gravel deposits in the Balmorhea basin. According to general reports

of wator wells that have been drilled, it seems that this thickening takes

place abruptly near the settlement of Brogada and increases eastward. The

Saragosa Basin is filled with a coarse impermeable boulder conglomerate.

Water wells sunk through this upper gravel find water in a loose and clean

sand below it. Tests of this sand indicate that, in general, it does not

yield enough water to warrant considering it as a possible source of important

new irrigation supplies.

According to the foregoing interpretations of the structure the Lower

Cretaceous limestones in the Saragosa area should yield artesian water if they

are as porous or channelled as they are in many places. These beds are struc

turally lower at Saragosa than they are either to the east or west of that

basin, as they lie in the southern extension of the Toyah trough. There is



little to indicate the depth at which the limestones would be encountered

in this area, but it seems unlikely that they would be deeper than 1,000

or 1,200 feet. It is probable that the ground water in this trough is

derived largely from areas other than those that supply the springs near

Balmorhea, and the Lower Cretaceous limestone in the Saragosa basin east

of Brogada may be, therefore, a promising source of additional water

supply.



Occurrence of ground water in the Balmorhea area

Springs

The locations of the Balmorhea springs are shown on plate 1, p. *J1, and

figures 1 and 2. pp 82-83. The springs are of two classes, artesian springs

and gravity springs. The San Solomon, Phantom Lake and Giffin springs belong

to the first class, and the Saragosa, West Sandia, East Sandia and Toy.ih Creek

springs to the second. In the preceding sections of this report, Phantom Lake,

San Solomon and Giffin springs have been called the "large springs". The

artesian springs are those whose waters issue under artesian pressure and the

gravity springs are those whose waters flow because the water table is above

the land surface at the site of the spring and the xvater therefore tends to

drain from the water-bearing beds.

Artesian springs.- The artesian character of Phantom Lake, San Solomon

and Giffin springs is proved by the fact that they appear at the surface of

the ground, or would flow at the surface, if they were permitted to do so.

Phantom Lake Spring issues from an A-shaped opening in the side of a hill

of Lower Cretaceous limestone. It is located at the northwestern edge of

a large depression, formed, it appears, as the result of the collapse of the

roof of a cavern in the limestone. The water flows into a small pond,

called Phantom Lake, and thence is carried through a canal to irrigated

lands in the valley below.

San Solomon and Giffin springs rise from gravels and originally came

to the surface, forming a swamp of considerable size, which drained into

Toyah Creek. The San Solomon Spring now issues from gravels in the bottom,

of a large well-built bathing pool. The water is beautifully clear and the

discharge at all times has the magnitude of a good sized creek. It is not

surprising, therefore, that the spring is one of the leading scenic attractions

of the region. The Giffin Springs rise from gravels at or near the head of



four short pits or trenches that finger out from a central outlet trench.

When first used for irrigation the flow of the springs was diverted into

canals that were cut only a few feet below the surface. Eighteen or twenty

years ago, with the hope of obtaining a large increase in flow by lov/ering

the points of discharge of the springs, trenches and pits of considerable

depth were excavated at both sites. Then new and deeper outlet canals

were constructed, the one at San Solomon Spring having a depth of about

20 feet and that at Giffin Spring a somewhat lesser depth.

The high and low-level canals at both springs are available for

diversion, but the low-level canal from San Solomon Spring is used infre

quently because its use does not increase the flow sufficiently to justify

the inconvenience of distributing water from the lower level.

In the course of the investigation, efforts were made to determine

the flow of San Solomon Spring when discharging into the high-level canal

and when discharging into the low-level canal, but the demands for water

for irrigation would not permit an accurate determination of the flow at

the respective levels. However, a few measurements were made. On November

10, 1931 the discharge through the high-level canal was found to be 30.9 second-

feet and in three measurements on November 20 and 21, ten-and eleven days later,

the discharge through the low-level canal was 37.7, 37.6 and 38.0 second-feet.

These measurements indicate a difference in flow betv/een the two levels of six

to seven second-feet. The spring had been discharging through the high-level

canal for about a month prior to the measurement on November 10, and during

that time the flow had not varied more than one to two second-feet. It had

been discharging through the low-level canal for eight or nine days before

the measurements at that canal were made. The computed difference in flow

at the two levels, therefore, may not havo been far from the correct difference



for the period. V/hether or not the flow would gradually decrease if the

outlet should be maintained at the lower level for a long time is not

known. It appears probable that it might.

The discharge of all three springs was well sustained even during

several successive dry years. Phantom Lake Springs has a somewhat wider

variation in flow than the other tv/o. The lowest discharge of San Solomon

Spring recorded by the Geological Survey, was 26.5 second-feet on April 26,

1923 (p. 55) and the highest was about 71 second-feet on October 7, 1932

(p. 66). The lowest recorded flow of Phantom Lake Spring was 10 second-feet,

October 16, 1931, and the highest-. 114 second-feet October 2 and 3, 1932 -

(p. 62). The discharge of the Giffin Springs is relatively small, the small

est recorded flow being 2.9 second-feet on March 4, 1925 and the largest

between 6 and 7 second-feet in October 1932. Daily records of the discharge

of the springs during a period of about two years in 1931 to 1933 are given

on the following pages: Phantom Lake Spring (pp. 61-63), San Solomon Spring

(pp. 65-67), Giffin Spring (pp. 63-64).

Tho flow of Phantom Lake Spring and San Solomon Spring increases very

soon after heavy rains, the rise occurring moro quickly and the rate of

increase being greater in Phantom Lake Spring than in San Solomon. For

example: The discharge of Phantom Lake Spring had remained relatively con

stant at about 13 second-feet from December 21, 1931 to February 22, 1932.

On February 20 to 22, 1932, 2.41 inches of rain was recorded at Balmorhea.

the heaviest fall being on February 21, and as a result all the canyons had

a substantial flow of storm water. The discharge of Phantom Lake Spring

began to increase on February 22 and reached 21 second-feet on February 23,



The flow of San Solomon Spring which had remained constant about 30 second-

feet for several weeks began to increase on the afternoon of February 23,

about 24 hours after the rise started at Phantom Lake. The flow continued

to increase gradually and reached a maximum of 36 second-feet on February 27

after which it gradually decreased.

The rainfall in this district from August 30 to September 30, 1932

amounted to 14.36 inches and was the heaviest on record. The first heavy

rain, 2.72 inches, occurred August 30, and was quickly followed by large

runs of storm water from the mountain canyons. The flow of Fhantom Lake

Spring which had been relatively constant at 12 to 13 second-feet for several

months, began to increase on the evening of August 29, and reached about 46

second-feet on September 11. The flow then gradually decreased to about 25

second-feet on September 26, when it again began to increase and reached a

maximum of 104 second-feet on October 3. The flow of San Solomon Spring,

which had remained at 32 to 33 second-feet for several months, began to

increase on August 29 and continued to increase until September 17, when

it was about 63 second-feet. The discharge then slowly decreased reaching

a minimum of about 54 second-feet on September 23 when it again started to

increase and reached a maximum of about 73 second-feet on October 7.

The temperature of Phantom Lake, San Solomon and Giffin springs normally

is high. The temperature of all three was the same (78° F.) in October 1931.

After the increase in the flow of the springs in September 1932 the temperature

was 71° in Phantom Lake Spring, and 74° in San Solomon Spring. On March 11,

1933 the temperature was 77-l/2° in Phantom Lake Spring and 73-l/2° in San

Solomon Spring.

Ordinarily the discharge from the springs is perfectly clear, but very

soon after the start of the abrupt increases in flow in August and September

1932, the water from Phantom Lake and San Solomon springs became cloudy due
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to the suspension of a very fine light colored sediment in the water.

Normally the mineral content of the water of the springs is rather

high but the water becomes quite fresh during periods of peak discharge.

This is well illustrated by the table on page 27 v/hich gives the comparative

results of analyses of samples obtained during periods of moderate flow in the

fall of 1930 and of high flow in the fall of 1932. When the samples were

taken in 1930 the discharge was not measured but v/as known to be at moderate

or rather low stage. In the fall of 1932 the discharge of all the springs

was abnormally high. When they were sampled on September 12 and 13, 1932,

Phantom Lake Spring had a discharge of 45 second-feet and San Solomon Spring

64 second-feet. When sampled on October 7, 1932 Phantom Lake Spring had a

discharge of about 82 second-feet, San Solomon Spring 71 second-feet and

Giffin Spring 6 second-feet. The results show that the decline in the mineral

content of the water at high stages is remarkably large. The decline in the

total dissolved solids v/as as follows:

Total dissolved solids in waters from the large springs

near Balmorhea at different dates

Phantom Lake Spring San Solomon Spring Giffin Spring

Date

Total dissolved

solids (parts
per million)

Total

Date solids

per mi

dissolved

; (parts
.llion)

Total dis-

Date solved

solids(parts
per million)

Oct.28,1930 2,309 Oct.28,1930 2,196 Dec.6,1930 2,098

Sept.12,1932 723 Sept.13,1932 875

Oct. 7, 1932 144 Oct. 7, 1932 562 Oct.7, 1932 547

The most outstanding feature of this record is the change in the discharge

at Phantom Lake Spring from a highly mineralized water to water containing

probably very little more mineral matter than the Davis Mountain streams.

The decline in the mineralization of the water from San Solomon and Giffin

Springs, while large, was markedly less than the decline in Phantom Lake Spring.



Analyses of water from the large springs near

Balmo rh ea, Texas

(Parts per million)

Analyzed by M. D. Foster and L. A. Shinn

Date Total Gal- Magne- Sodium and Bicar- Sul- Ohio- Ni-
Spring of dissolved cram siurn Potassium bohate phate ride trate iron

Collection solids (Ca) (Ivfc) (Na / K) (H003) (S04) (01) (N03) (Fe)
(calc.)

Phantom

Lake

Oct. 28, 1930 2,309

do. Sept.12, 1932 e/723

do. Oct. 7, 1932 a/144

San Solomon Oct. 2P, 1930 2,196

do. Sept.13, 1932 a/975

do. Oct. 7, 1932 a/562

Giffin Dec. 6, 1930 a/2,098

do. Oct. 7, 1932 a/547

a/ Calculated,

b/ By turbidity.

191 86 •4-7 3

81 27 a/139

b/44 - a/ 10

190 80 448

102 35 a/200

b/88 - a/ 93

189 80 a/4-37

b/80 — a/109

285 591 655 0.55 0.04

170 "05 185 1.4 -

131 b/ 20 4 - -

286 651 610 0.90 0.04

264 270 238 0.38 -

189 b/17 5 100 - -

284 635 608 - -

183 b/140 124 - _

Total

Silica hardness

(SiOp) as CaC03

19

830

a/313

111

803

a/398

276

a/800

234

i
CO

i
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The persistent discharge of large quantities of water by the large

springs during months or even years of drought indicates that they are

fed from a large reservoir or from a series of reservoirs. The water

must be derived in large part from rainfall and run-off that enters the

reservoir at no great distance from the springs. This is indicated by

the abrupt increase in the discharge of Phantom Lake and San Solomon

springs following heavy rains and largo runs of muddy water from the

mountain canyons, by tho decrease in the dissolved minerals in tho spring

water, and by the lowering of the temperature of the water and the cloudy

character of the water at such times. The data all tend to substantiate

tho conclusions in tho section on the goology and the relation of the

springs to tho geologic structure. Analyses of the water from the large

springs are given on page 27.

Gravity Springs.- Saragosa, West Sandia, and East Sandia springs

rise from gravels in the bottom of shallow drainage channels no^r ]alnorhca.

The Toyah Creek springs issue at numerous points in tho bod of Toyah Creek

in a stretch of throe or four miles southwest and northeast of Balmorhea.

Tho uppermost point of emergence of tho Saragosa and Toyah Crook springs

shifts materially up and down stream from year to year, and season to season.

Tho position of tho principal Wost Sandia Spring now appears to be fixed at

a point in a shallow drainage channel on the southeastern border of Balmorhea,

but it is reported that about 30 years ago this spring emerged more than half

a mile southwest of Balmorhea, or about a mile up the valley from its present

location. For a time after the heavy rains of August and September 1932,

small seeps in the channel above and below the spring were discharging more

ground water than the spring itself. The East Sandia Spring appears at the

base of the western slope of the Brogada hills; and so far as could be learned

it has always been where it is today.
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As determined by instrumental levelling the heads of the Saragosa

and Toyah Creek springs in November 1931 were a few feet below the water

levels in nearby shallow wells that draw from the gravel; likewise, the

outlet of the main West Sandia Spring was one to two foot lov/er than tho

water level in well 20, one of tho shallow observation wolls that arc dis

cussed later in this report. The outlets of tho East Sandia Spring apparently

arc about at the level of tho shallow wator table immediately above tho spring,

but this was not exactly determined.

Saragosa Spring enters Toyah Creek and joins the ground /ater discharge

of that stream a few hundred feet above the Balmorhea bridge. The measured

discharge of the spring in second-feet was as follows: November 6, 1932, 9.2;

January 23, 1933, 6.7; March 14, 1933, 6.7; May 16, 1933, 6.4; July 11, 1933,

5.6.

The inflow of ground water into Toyah Creek down to the Moore dam about

a mile below the Balmorhea bridge, consisting of the combined flow of the

Saragosa and Toyah Creek springs, was as follows: November 6, 1932, 30.4

second-feet; January 23, 1933, 12.8 second-feet: March 14, 1933, 9.4 second-

feet; May 16, 1933, 8.9 second-feet; July 11, 1933, 8.6 second-feet. According

to records of the Reeves County Water Improvement District the combined dis

charge of the springs down to the same point ranged from 4.8 to 6 sccond-feot

during December 1931 and January 1932 and from 5.8 to 8.3 second-feet in

June, July and August 1932. The rates of flow, shown by the measurements

obtained prior to the floods in August and September 1932, probably arc much

nearer the average long time flow than thoso obtained during the months succeed

ing the floods.

The daily discharge of West Sandia Spring from November 17, 1931 to

August 28, 1933 is given in the tables on pp. 72 and 73. According to one

set of measurements on October 17, 1932 shortly after the heavy rains the
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discharge of the principal spring amounted to .6 second-foot, and the seepage

inflow above it to .2 second-foot while the inflow between the spring and the

gaging station 4,000 feet below it amounted to 1.4 second-feet. A part of this

was diverted above the gage and was not taken into account in the gaging records,

The mean monthly discharge of East Sandia Spring in second-feet and the monthly

run-off in acre-feet from November 23, 1931 to September 23, 1933 is given in

the table on page 74.

The temperature of the water from Saragosa and East and West Sandia springs

is materially lower than the temperaturos of the waters of tho largo springs.

On March 14, 1933 tho following temperatures were recorded: Saragosa Spring,

67-1/2 degrees F.• West Sandia Spring 63-1/2°; East Sandia Spring, 3 outlets,

55 degrees, 58 degrees and 64 degrees.

The Saragosa, West Sandia, East Sandia, and Toyah Creek springs quite

clearly are gravity springs and havo their source in the gravels. Thoy appear

at levels slightly below the water tablo in tho gravels. Their temperatures

are much lower than those of the large springs and are not materially different

from the temperatures of the water from shallow wells in the vicinity. The

discharge of the Saragosa and Toyah Creek springs apparently increases and

decreases and the position of the uppermost outlets shifts up and down the

streams with the rise and fall of the water table. The position of East

Sandia Spring is stationary and that of the main Jest Sandia Spring is nearly

stationary. This may be due to the fact that they are fed from solution

channels in the cemented gravels, and that these channels are not directly

connectod with tho shallow water table. The basal conglomerate is encountered

in nearly all the shallow wells in the Balmorhea district and is known to be

cavernous in places. Irrigation streams amounting to a second-foot or more

have been known to disappear into these passages.
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Shallow ground water.- Most of the water used for domestic and

stock purposes in this area is obtained from wells. A description of

forty-one of the wells is given in the table on pages 32-33 and the loca-

tion of the wells is shown in figure 2, each well being given a number

that corresponds to the number assigned to it in the table. In the

vicinity of Balmorhea, all the wells terminate in the gravels, none are

more than 60 feet deep and most of them are less than 30 feet deep. The

depth to water was measured in all the wells and the measuring points at

the top of most of them were connected by lines of levels and the elevations

of these points referred to a common assumed datum. In this way the water
p. 83/

table map, figure 2, was prepared. This map indicates that tho slope of

the water table is in the same direction as that of the land and tho.t the

movement of the ground water in the gravels, with some variations, is

directly down tho valley. It shows further that the elevations of the

Saragosa and West and East Sandia springs conform closely with the eleva

tions of tho water tabic in their vicinities.

Thirteen wells were selected for observation and measured periodically

over a period of several years. The records of thoso measurements are

shown in the tables on pp. 34-40. Thoso records show that the water levels

in the wells are in general moderately low, but that thoy rise when hoavy

rains occur, whon Toyah Crook is in flood or when nearby lands are irrigated.

It is evident, therefore, that the principal source of the ground water in

the gravels is rainfall and seepage from irrigation canals r.nd irrigated lands.

Soopago from the large springs doubtless contributes to tho shallow ground

water. As previously stated the water in tho gravels is boliovcd to bo tho

source of tho Saragosa, West Scjidia, East Sandia and Toyah Crook springs.



No, Distance from Balmorhea

(miles)

1
^3
°4 southwest

2 2 southwest

3 If southwest

4 do.
IT

li
south—southwest

6 south-southwest
<7 2§ south -southwest
8 li south-southwest

9 l| southwest

10 do.

11 1 southwest

12
s

f
4:

northwest

13 west

14 1
4: southwest

15
i
2 south

16 do.

17 do.

18 1 southeast

18A li southeast

19 In Balmorhea

20 do.

21 i
o northeast

22 1 northeast

23 do.

24 ii northeast

25 do.

26 i north-northeast

27 ^ northeast

28 i nopth-northeast
oq north
30 i~ northwest

Records of wells in vicinity of Balmorhea, Texas

Owner

Balmorhea Livestock Company
A. C. Schreger
Charles Weinacht

A. W. Wigley

Humble Oil & Refining Company
S. Garcia

S. A. Sharpe
H. A. Jones

do.

TA». A. Khapp

Mrs. Nell B. T,;<esterman

— Hill

Rosenbaum Company

T. A. Odell

Rosenbaum Company

A. W. Wigley

Rosenbaum Company

Mrs. Paul Renz

Unknown

do.

Toyah Valley State Bank

J. F. Meier
P. V. & S Ry.
Unknown

E. P. Stuckler

Mike Tesero

J. P. Cole

R. W. Vanderson

E. W. Backus
Perry Wegnon
W. E. Gould

Depth Water level Alti Use Method

(feet) Below Date tude of of

B. M. of water lift

(feet) B.M.

*/ y c/

175 16.29 Nov.10,1931 3349 D.S VT
:'-J

14 13.99 Oct.31,1930 3286 D,S «if

15 13.73 do. 3275 S w

20 11.39 do. 3278 D,S w

14 1 .47 Nov.13,1931 3272 D,S • K

20 13.91 Oct.31,1930 3266 D,S K

20/ 12.86 do. 3286 D,S E

20/ 14.98 do. 3263 D,S W

19 -11.65 Nov.13,1931 3265 S H

17 12.22 Nov. 1,1930 3264 N E

20 11.61 do. 3251 S W

22 11.70 Nov. 3,1930 3234 D,S H

15 13.45 Nov. 1,1930 3231 D,S VJ

10 7.95 do. 3228 - E

9 9.35 do. 3234 D,S H

17 6.89 do. 3225 N None

11 9.88 do. 3233 D,S E

12 4.20 Nov.13,1931 3221 S W

80/ 4.71 do. 3211 Test hole

Unknown 5.33 Nov. 6,1931 3221 N None

7 7.99 Nov. 1,1930 3214 N None

24 23.27 do. 3208 D,S W

10 5.56 do. 3198 N None

Unknown. 2.16 Oct.31,1931 3194 N None

13 11.68 Nov. 6,1930 3186 D,S W

21.5i ir.63 Nov. 1,1930 3188 D,S E

17 14.65 Nov. 3,1930 3198 D,S E

20 20.66 do. 3190 D,S E

18 16.60 Nov. 1,1930 3197 D,S W

50 34.35 Nov. 3,1930 3204 D,S W
36 25.88 Nov. 1,1930 — D,S W

1

'CO
J



Records of wells in vicinity of Balmorhea, Texas — Continued

No, Distance from Balmorhea

(miles)
Owner Depth

(feet)
Water level

31 .1* northwest W. E. Gould

32 do. do.

33 do. do.

34

3°4=

no rth-no rth ea s t Mrs. W. E. Gould

35 east-northeast State of Texas

36 4 east-northeast A. E. Mills

37 6 northeast Saragoso School
38 6f northeast J. E. Downs

39
3
4:

east G. F. Renz

40 do. do.

41 In Balmorhea Reeves County Water
Improvement Dist.

58

53

60

19

220
117

158

158

26

18

202

Below

B. M.

(feet)

30 •>

41.51

46.82

16.52

180/
112.9

139.2

137.6

9.80

9.21

5.56

N^v

Nov

Nov

Nov

Nov

Nov,

Nov

a/ Assumed datum.

b/ D, domestic; S, stock; P, public supply; N, not used.

c/ W, windmill; H, hand; E, electric motor; G, <*as engine; S, siphon.

Date

, 3,1930
, 1,1930
do.

3,1930
. 5,1930
do.

. 3,1930
do.

2,1931
do.

1,1930

Alti

tude

of

B.M.

a/

3188

3210

3209

Use

of

water

b/

P

N

P

N

D,S

N

D

D,S
D,S
D,S

Method

of

lift

c/

E

None

G

W

?/

w

w

C

s

None

i
on
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Well measurement records

(For description of wells see preceding table)

3. Charles 7/einacht, 1; miles southwest of Balmorhea postoffice.
Measuring point, top of edge of pipe clamp, south side, at ground level.

Depth Depth Depth

Date to

water

(feet)

Date to

water

(feet)

Date to

water

(feet)

Oct. 31, 1930 13.73 Dec. 10, 1932 7.77 May 19, 1933 e/ 8.74
Mar. 8, 1931 14.50 Dec. 14 7.95 May 20 9.00

Dec. 11 13.72 Jan. 21, 1933 7.59 May "27 8.72

Jan. 19, 1932 a/14.26 Jan. 28 8.12 June 2 8.40

Feb. 15 15.00 Feb. 4 8.16 June 10 8.92

Ayr. 13 b/ 9.74 ?eb. 11 8.18 June 17 e/ 7.60
May 30 11.61 Feb. 18 8.30 June 24 e/ 6.95
Aug. 4 11.52 Feb. 25 8.48 July 8 f/ 8.47
Aug. 21 11.30 liar. 4 d/ 8.75 July 15 9.65

Sept.17 7.60 liar. 4 9.15 July 27 f/ 8.85
Oct. 1 c/ 3.56 Mar. 11 e/ 4.71 Aug. 5 8.68

Oct. 15 5.96 Apr. 1 8.35 Aug. 19 9.54

Oct. 22 6.18 Apr. 9 8.50 Aug. 26 11.17

Oct. 30 6.58 Apr. 16 e/ 8.20 Sept. 2 g/11.08
Nov. 5 6.61 Apr. 23 8.40 Sept.23 9.49
Nov. 12 6.91 Apr. 29 8.45

Nov. 19 5.49 Hay 7 9.00

5. Humble Oil and Refining Company, lj miles south-southwest of
Balmorhea postoffice.

Measuring point, Benchmark in top of wood cover, 2 feet above ground level.

Depth Depth Depth
Date to

water

(feet)

Date to

water

(feet)

Date to

water

(feet)

Nov. 13, 1931 14.47 Dec. 10, 1932 7.19 May 14, 1933 9.90
Dec. 11 11.42 Jan. 10, 1933 7.68 May 20 10.15
Jan. 19, 1932 a/12.86 Jan. 14 7.86 May 27 10.42

Feb. 15 b/11.04 Jan. 28 8.22 June 3 10.65

May 30 10.08 Feb. 4 8.40 June 10 11.03

Aug. 4 11.11 Feb. 11 8.60 June 17 11.22
Sept.17 11.50 Feb. 18 8.65 June 24 li; 80

Oct. 1 c/ 8.61 Feb. 25 d/ 8.70 July 8 12.68

Oct. 15 6.79 Mar. 11 9i37 July 15 13.01

Oct. 22 6.72 Apr. 1 9.67 July 29 13.32

Oct. 30 6.54 Apr. 9 9; 30 Aug. 5 13.52

Nov. 5 6.77 Apr. 16 9.37 Aug. 26 13.95

Nov. 12 6.92 Apr. 23 9.58 Sept. 2 g/14.10
Nov. 19 7.01 Apr. 26 9.62 Sept.23 13.66

Dec. 3 7.24 Kay 7 9.76



7. S. A. Sharpe, 2-| miles south-southwest of Balmorhea postoffice.
"Measurinc point, benchmark in plank, north side, at ground level.

Depth Depth Depth

Date

1930

to

water

(feet)

Date to

water

(feet)

Date to

water

(feet)

Oct. 31, 12.86 Jan. 19, 1932 9.44 Aug. 4, 1932 15.73

Mar. 8, 1931 b/10.37 Feb. 15 a/ 8.00 Aug. 20 16.43

Nov. 7 13.08 Apr. 13 9;50

Doc. 11 10.96 May 30 12.09

10. W. A. Knapp, 1-J- miles southwest of Balmorhea postoffice.
Measuring point, benchmark in east end and south side of middle cross

beam, 1 foot above ground level.

Depth Depth Depth

Date to

water

(feot)

Date to

water

(feet)

Date to

water

(foot)

Nov. 1, 1930 12.22 Deo. 12, 1932 6.08 May 14, 1933 3.80

May 8, 1931 11.00 Jan. 10, 1933 7.13 May 20 9.05

Nov. 4 9.89 Jan. 14 7.47 May 27 9.03

Dec. 11 13.02 Jan. 21 7.30 June 3 8.70

Jan. 19, 1932 a/12.79 Jan. 28 7.-1-5 Juno 10 9.18

Fob. 13 b/11.00 Feb. 4 7. 60 Juno 17 3.80

Apr. 15 11.00 Fob. 11 7.98 June 24 9.12

May 30 10.8 Fob. 13 8.16 July 8 9.22

Aug. 4 10.85 Fob. 25 8.35 July 15 9.78

Aug. 20 11.59 Mar. 4 a/ 8.63 July 29 9,69

Sept .17 6.60 Mar. 11 f/ 3.22 Aug. 5 9.98

Oct. 1 c/ 4.51 Apr. 1 3.30 Aug. 12 10.52

Oct. 3 4.80 Apr. 9 3.78 Aug. 19 10.13

Oct. 15 5.18 Apr. 16 8.23 Aug. 26 10.70

Oct. 22 5.38 Apr. 23 0.64 Sept., 1 10.78

Oct. 30 5.81 Apr. 29 8."40 Sept,,23 S/ ?.53
Nov. 6.36 May 7 8.35
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12. — Hill, f: mile northwost of Balmorhea postoffice.
Lloasuring point, "top edge of upper wood frame, o..st side opposite

cut in frame, at ground level.

Depth Depth Depth

Date to

water

(foot)

Date
T

to

vator

(foot)

Date to

water

(feet)

Nov. 3, 1930 11.70 Jan. 21, 1933 8.03 May 23, 1933 8.85

Dec. 11, 1931 11.39 Jan. 28 0.16 June 4 9.13

Jan. 19, 1932 a/15.10 Feb. 4 S.60 June 11 8.90

Feb. 15 13.30 Feb. 11 3.62 June 13 9.20

Apr. 13 b/ 9.23 Feb. 14 0.70 June 25 9.45

May 30 11.42 "Feb. 25 3.76 July 8 9.05

Aug. 4 9.9G Mar. 4 1/ 9.00 July 15 9.00

Aug. 20 10.72 Mar. 11 3.36 July 29 9.50

Sept.17 5.79 Apr. 1 3.63 Aug. 5 9.82

Oct. 15 c/ 5.46 Apr. 9 U Aug. 11 f/ 9.64

Oct. 22 5.79 Apr. 16 £/ 8.15 Aug. 19 10.08

Oct. 30 6.18 Apr. 23 3.63 Sept.. 2 g/ 9.32

Nov. 5 6.46 Apr. 29 3. d7 Sept,,23 8.66

Dec. 10 7.06 -lay 7 3.22

Jan. 10, 1933 7.86 May 14 G.75

Jan. 14 7.93 May 20 8.85
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16, A. ¥. Wigley, v-mile south of Balmorhea postoffice
Measuring point, southwest edge of concrete cross-beam, opposite cut

in concrete at ground level.

Depth :Depth Depth

Date to Date to Date •bo

water water water

(feet) (feet) (feet)

Nov. 1, 1930 6.39 Mar. 21, 1952 e/ 2.55 July 23, 19^2 4.07

Mar. 8, 1931 4.20 Mar. 26 4.11 July 30 5.29

Nov. 12 4.91 Apr. 2 4.45 Aug. 6 5.86

Nov. 19 5.50 Apr. 9 4.49 Aug. 13 6.04

Nov. 23 5.73 Apr. 12 3.25 Aug. 16 6.16

Dec. 3 5.99 Apr. 16 4.13 Aug. 20 e/ 5.47

Dec. 10 5.69 Apr. 23 4.41 Aug. 30 11 3.35

Dec. 19 5.37 Apr. 27 1/ 3.25 Sept. 3 4.25

Dec. 26 5.79 Apr. 30 3.87 Sept. 4 Q . 0«J

Dec. 29 5.83 May 7 4.59 Sept. 4 1.47

Jan. 2, 1932 a/ 5.77 May 14 4.35 Sept. 4 £/ .82

Jan. 9 5.67 May 28 4.95 Sept.10 1.97

Jan. 16 5.76 June 3 tl 5.45 Sopt.17 2.76

Jan. 23 5.73 June 4 3.86 Sept.24 2.91

Jan. 28 5.67 Juno 8 4.50 Oct. 1 £/ 1.03

Jan. 30 4.79 June 10 1/ 3.15 Oct. 9 2.37

Fob. 6 4.95 June 11 3.68 Oct. 15 2; 17

Fob. 11 c/ 2135 Juno 17 4.05 Oct. 22 1.39

Feb. 13 4,15 Juno 13 1/ 3.72 Oct. 29 2; 15

Feb. 20 4; 19 June 25 4.24 Nov. 5 2.75

Fob. 23 b/ 2.55 Juno 30 4.66 July 29, 1933 4.45

Fob. 27 3.41 jay 2 5.45 Aug. 5 a 4.31

Feb. 29 3.53 July 4 f/ 4.05 Aug. 26 4.13

Mar. 5 3.71 July 9 5.35 Sept. 2 i/ 5.23

Mar. 12 July 16 5.56 Sept.23 3.65

Mar. 19 4.21 July 22 1/ 3.35
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20. Toyah Valley State Bank, in Balmorhea
Measuring point, cross in top of west brick in top row,

at ground level.

Death Depth Depth

Date to

water

(feot)

Date "to

water

(feet)

Date to

water

(feet)

Nov. 1, 1930 5.69 Dec. 10, 1932 4.23 May 14, 1933 4.03

Mar. 8, 1931 5.70 Jan. 10, 1933 3.93 May 20 4.20

Nov. 10 5.67 Jan. 21 4.09 May 27 4.58

Dec. 11 5.60 Jan. 28 4.00 June 4 4.35

Jan. 19, 1932 a/ 5.43 Feb. 4 4.08 June 11 4.50

Feb. 15 b/ 3.95 Feb. 11 4.03 June 18 4.40

Aug. 4 4.9 Feb. 18 4.10 June 25 4.30

Aug. 20 4.95 Feb. 25 4.00 July 8 4.76

Sept.17 O a O liar. 4 d/ 3.92 July 13 5.00

Oct. 1 c/ 2.56 liar. 11 4.02 July 21 4.80

Oct. 15 3.51 Apr. 1 '5.73 Aug. 5 4.79

Oct. 22 Aor. 9 3.74 Aug. 11 4.92

Oct. 30 5.96 Acr. 16 3.80 Aug. 19 4.62

Nov. 5 4.04 Apr. 22 3.67 Aug. 25 g/ 4.72
Nov. 12 4.14 Apr. 26 4.03 Sept., 2 4.04

Nov. 19 4.19 Hay 7 5.96 Sept.,25 3.36

22. On P. V. S. Ry. right-of-way, 1 mile northeast of Balmorhea postoffice.
Measuring point, bencluriark copper nail on south side well curb, 3 feet

above ground level.

water level watv;r 1 vol water level

Date above {£)
or below (•-)
measuring
point

(feet)

Date above (/)
or below (-)
measuring

point
(feet)

Date above

or bel

moasui

point

(feet)

.0?/ (-)
•ing

Nov. 1, 1930 -5.56 Oct. 15, 1932 / 1.92 Apr. 29, 1933 -1.18

Mar. 8, 1931 -4.50 Oct. 22 / 3.22 May 7 -1.30

Doc. 10 -1.65 Oct. 20 / 0.15 May 14 -1.32

Fob. 15, 1932 b/ -1.00 Nov. 5 - 0.04 May 20 -1.52

Apr. 13 -1.00 Nov. 10 - 1.28 May 23 -1.65

May 30 -0.4 Nov. 19 - 0.49 Juno 11 -1.78

Aug. 4 -1.13 Apr. 1, 1933 -1.00 Juno 11 -1.95

Aug. 20 -1.80 Apr. 9 -1.10 June 17 -2.00

Sopt .17 c/ A.3 Apr. 16 -1.14 Juno 25 -2.00

Oct. 1 h/ /3.9 Apr. 23 -1.20
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23. Along east side of P. V. S. Ry. right-of-way 1 mile northeast, of
Balmorhea postoffice. Measuring point, b^nchmarl: in top of board lining,
west side of well, about 2 feet below ground level.

water level water level water level

Date above (/)
or below (-)
measuring

point,

(foot)

Date above (/)
or below (-)
measuring

point,
(feet)

Date above (/)
or below (-)
measuring
point,
(foot)

Oct. 31, 1931 -2.16 Nov. 5, 1932 -o;o4 Mar. 11, 1933 -0.83

Doc. 10 -1.65 Dec. 10 -0.69 July- 8 -2.19

Feb. 15, 1932 b/ -1.00 Jan. 10, 1933 -0.28 July 15 -2.34

May 30 -0.04 Jan. 14 -0.38 July 22 -2.38

Aug. 4 -1.18 Jan. 21 -o;55 July 29 -2.50

Aug. 25 -1.8 Jan. 28 -0.58 Aug. 5 -2.52

Sept .17 c/ /1.3 Fob. 4 -0.52 Aug. 19 -2.72

Oct. 1 V Feb. 11 -0.54 Aug. 28 g/ -2.82
Oct. 15 A. 92 Feb. 10 -0.62 Sept,. 2 -0.20

Oct. 22 /3.22 Feb. 25 -0.65

Oct. 30 /0.05 Liar. 4- -0.72

26. J. P. Colo, 1 mile north-northeast of Balmorhea postoffice.
Measuring point, edge of concrete collar, northeast side of well, opposite

cut in collar, 1 foot above ground level.

Depth Depth Depth
Date to

water

Date to

water

Date to

water

(feet) (foot)

May 20, 1933

(feet)

Nov. 3, 1930 14.65 Jan. 14, 1933 11.65 12.42

Mar. 1931 c/12.16 Jan. 21 11.84 June 4 12.65

Nov. 3 14.44 Jan. 28 12.01 June 11 12.68

Dec. 11 14.95 Feb. 4 12.00 June 18 e/ 12.23

Jan. 19, 1932 a/15.96 Feb. 11 12.30 June 25 12.55

Feb. 15 b/14.95 Feb. 18 11.28 July 8 12.59

Apr. 3 14.95 Feb. 25 d/11.60 July 15 e/ 12.21

May 30 14.4 Mar. 4 13.10 July 29 12.83

Aug. 4 14.45 Mar. 11 e/11.57 Aug. 5 12.86

Aug. 20 14.47 Apr. 1 12.02 Aug. 11 12.55

Sept .17 12.52 Apr. 9 12.14 Aug. 19- 12.98

Oct. 15 c/10.21 Apr. 16 12.20 Aug. 26 g/ 13.22

Oct. 22 10.25 Apr. 23 e/11.20 Sept,. 2 12.68

Oct. 30 10.12 Apr. 29 11.05 Sept,.23 12.21

Nov. 5 10.44 May 7 11.92

Dec. 3 11.51 May 14 12.20

Dec. 10 11.53

Jan. 10, 1933 11.48
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34. Mrs. W, E. Gould, 1^ miles north-northeast Balmorhea postoffice.
Measuring point, benchmark in 1 2 12-inch plank, at south side of hole in

plank, at ground level.

Depth Depth Depth
Date to

water

(feet)

Date to

water

(feet)

Date

May 7, 19E

to

water

(feet)

Nov. 3, 1930 16.52 Dec. 10, 192i2 11.85 53 13.28

Mar. 8, 1931 £/ 16.94 Jan. 10, 1933 12.88 May 14 13.85

Nov. 3 16.67 Jan. 14 13.00 May 20 13.98

Dec. 11 17.40 Jan. 21 13.11 May 28 14; 18

Jan. 6, 1932 5/ 17.43 Jan. 28 13.22 June 4 14.35

Jan. 19 17.62 Feb. 4 13.24 June 11 14.42

Feb. 15 V 17.00 Feb. 11 15.52 June 18 .14.53

Apr. 13 16.63 Feb. 18 15.40 June 25 14,60

May 30 16.3 Feb. 25 d/ 13.48 July 8 15.18

Aug. 4 17.05 Liar. 4 13.30 July 15 15.35

Sept,.17 2/ 11.80 Mar. 11 13.31 July 29 15.70

Oct. 15 8.51 Apr. 1 13.42 Aug. 5 15.81

Oct. 22 9.05 Apr. 9 13.48 Aug. 11 16.26

Oct. 30 9.74 Apr. 16 13.60 Aug. 19 15.78

Nov. 5 10.22 Apr. 25 12.62 Aug. 26 15.62

Dec. 3 11.68 Apr. 29 12.90 Sept,,23 g/ 14.65

a/ Rainfall from August 31 to January 1932, inclusive, v/as about 27 percent
below 13-year average.

b/ Rainfall v/as 3.79 inches in February 1932, about 5 times the 13-year average.

c/ Rainfall was 15.24 inches in August and September 1932, more than 3 times
the 13-y^ar average.

d/ Rainfall in January and February 1933 was only .69 inch.

e/ Adjoining field under irrigation.

f/ Adjoining field recently irrigated.

g/ Rainfall April to August 1933, inclusive, was about one-third of 13-ycar
average.

h/ Water running over top of well.
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INTAKE OF GROUND WATER

Areas of intake

As has been pointed out in the section on the geology of this district

(pp.10-12), the principal area of intake or replenishment for the large springs

at Balmorhea is in a long narrow anticlinal valley which parallels the eastern

escarpment of the Davis Mountains, west, northwest and southwest of the springs.

In this valley the beveled edges of the Lower Cretaceous limestones appear at

the surface or lie beneath a mantle of stream and terrace gravels not far be

low tho surface and their honeycombed and cavernous members absorb and store

a large part of the local rainfall and mountain run-off. The length of this

intake area is not exactly known. It is believed, however, that tho limestones

may take in water along the anticline all the way from Big Aguja Canyon north

westward to the vicinity of San Martino in Pecos County, a distance of about

35 miles. (fig.l) , p. 32.

The creeks from Aguja, Little Aguja, Madera and Cherry Canyons lose

heavily between the mouths of their canyons and the downstream boundary off

the anticline. The Lower Cretaceous rocks take in considerable water also in

an area of outcrop along Limpia Creek about 20 miles southeast of r.lmorhea.

Practically all the discharge of Limpia Creek disappears during moderate and

low stages in that locality.

The lavas of the Davis Mountains have an important part in the intake

system. They absorb much of the mountain rainfall and run-off. The water

moves downward through joints and cruvices in the rocks until it roaches rela

tively impermeable layers of volcanic rock or tuff or underlying Upper Creta

ceous clays. It then moves laterally and appears as springs or seeps in the

mountain canyons and on the slopes of the eastern escarpment, where it is

largely dissipated by evaporation and transpiration. A part, however, reaches

tho canyon streams, in places maintaining a small perennial flow, or is ab

sorbed by the gravels of tho streams and adjacent terraces. In at least one
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locality considerable stream water apparently is absorbed by the volcanic rocks

where synclinal structure has brought them below stream level. This is on

Limpia Creek near old Limpia Post Office, about 15 miles south of Balmorhea.

The water that enters there may rise into the stream gravels below the lower

limb of the syncline and through them eventually reach the intake area of the

lower Cretaceous rocks, 15 to 20 milos below.

The gravels also have an important part in the intake system. A large

part of the district between Balmorhea and the mountains is underlain by stream

and terrace gravels and in places tongues of those gravels extend a considerable

distance into tho mountains. The gravels serve as both a reservoir and a conduit.

They absorb a part of tho water that is discharged by the mountain seeps and

springs and a part of the rainfall and run-off on the escarpment of the mountain

front and tho belt between the escarpment and outcrop of the Lower Cretaceous

rocks. This water moves slowly in the gravels in a downstrecxm direction until

it reaches the outcrop of the Lower Cretaceous rocks and is gradually paid out

to the reservoir in these rocks. The igneous rocks and gravels therefore, com

prise an important part of the extensive storage and regulatory system by which

the flow of the large springs is maintained during periods of months and even

years of drought.

The water that supplies the flow of the smaller springs at lalmorhoa is

derived from the Toyah Valley gravels. It is replenished by rainfall on the

valloy floor and by seepage from Toyah Crook and from canals, ditches and

irrigatod lands and to somo extent by seepage from the largo springs.
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Intake from Streams

Two gaging stations have been maintained on Limpia Creek, the upper

station is Limpia Canyon near the site of the old Limpia Post Office about

16 miles southwest of Balmorhea and the other about 30 miles downstream on

the bridge at the crossing of State Highway 190 (Old Spanish Trail) where the

stream is commonly known as Barilla Creek or Draw.

The upper station was established February 27, 1925, and maintained

until August 30, 1932, when it was destroyed by a flood. The lower station

was installed December 6, 1924 and discontinued July 15, 1926. It was reestab

lished September 20, 1932, and a few days later, on September 29, was destroyed

when the highway bridge was carried away by one of the largest floods that has

occurred on this Creek in the memory of residents in this part of Texas.

Neither station was rebuilt. Funds were not available to meet the high cost of

construction of the type of gaging station necessary to withstand large floods.

Moreover, in the stretch in which the lov/er station is located, the shifting

of tho channel with each flood prevents the compilation of a satisfactory rating

curve. The site of the upper station is above any known outcrop of the Lower

Cretaceous limestones, while the lower site is below a section in which the

streams cross several miles of such outcrop.

In 1932 and 1933 a program of stream measurements was undertaken on

several of the mountain streams, including miscellaneous measurements on Limpia

Creek, to obtain information both as to the volume of mountain run-off and the

extent of seepage losses from the mountain streams in crossing the intake area

of the Lower Cretaceous limestones. A permanent gaging station was established

in Madera Canyon and equipped with a continuous water-stage recorder. Temporary

staff gages were installed on the streams that issue from Cherry, Aguja and

Little Aguja Canyons and read daily or weekly for several months* Numerous mis

cellaneous measurements of the discharge of these streams and Limpia Creek were

made with a current meter and several series of such measurements were undertaken
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on each stream to determine seepage losses on the intake area of the Lower

Cretaceous limestones and gains and losses in various other sections, mostly

below the mouths of the canyons. The most of the "seepage measurements" were

made on a declining stage and therefore tend to show losses in each section

that are smaller than the true losses or even to show a gain when actually

there may have been a substantial loss. However, in making the measurements

the stream gager moved in a downstream direction at a rate not much faster than

the movement of the stream; in this way a large part of the error, due to

changes in stage while tho seepage measurements are progressing, can be elimi

nated and reasonably accurate estimates can be made of the losses and gains in

the sections during comparable rates of stream discharge.

The records obtained at the gaging stations on Limpia and Barilla Creeks

and in Madera Canyon have been published in various Water-Supply Papers of the

Geological Survey. Most of the results of the measurements in 1932 and 1933

are given in Water-Supply Paper; 748, pages 140 to 160 and 171 to 174, 1933.

These pages have been incorporated into this report (see pp. 56-80). The re

sults of the measurements are discussed below by streams.

Madera Canyon.— The gaging station in Madera Canyon is located about three-

quarters of a mile above its mouth. The station was installed July 28, 1932,

and has been in continuous operation ever since. According to the Fort Davis

and Valentene topographic maps, the canyon drains about 54 square miles above

the gage, consisting of mountain slopes and summits, mostly more than 5,500

feet above sea level. The daily records at the station have been published by

1/
the Geological Survey. These records are fairly accurate for low and moderate

\J Geological Survey Water-Supply Papers 748, 763, 788 and 808.

stages of stream discharge but comparatively poor for high stages* The estimated

total annual discharge from 1932 to 1936 is given in tho following table*
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Discharge of Madera Canyon from
1932 to 1936, in acre-feet

Year (Oct. 1 - Sept. 50) ' Discharge
~—""" (acre-feet)

1932 (Aug. 1 to Sept. 30) 14,800

1932-33 6,000

1933-34 244

1934-35 637

1935-36 4,200

According to the daily record, the discharge from August to October 1932

amounted to about 17,000 acre-feet, (see table, p. 56) or approximately two-

thirds of the total recorded discharge from 1932 to 1936. Altogether in the

period of 4 years and 2 months there were 64 days in which the average discharge

during 24 hours amounted to more than 25 second-feet, of which 25 occurred in

August, September and October 1932, 18 in August and September 1933, one in July

1935 and 20 in May and September 1936. Most of the time the stream was dry or

the discharge was 2 or 3 second-feet or less. The maximum discharge, somewhat

more than 2,000 acre-feet, occurred on September 29 and 30, 1932.

Nine series of discharge measurements were made to determine seepage

losses from Madera Canyon betv/een the gage and points two to 10 miles below it.

The maximum flow at the gage during these studies was 67.5 second-feet, the mini

mum 5.2 second feet and the average about 27 second-feet (table, p. 57). None of

tho water reached Toyah Creek, about 12 miles below the gage, and most of it was

lost within a few miles. For example: On September 2, 1932, all but 2.2 second-

foot of a discharge of 67.5 second-feet was lost within 8.2 milos of tho gage,

and on October 6, 1932 a discharge of 37.3 socond-fcot disappeared entirely

within 4 miles. On August 27, 1933, a loss of only 6.1 second-feet was indi

cated in a stretch of 6.2 miles bolow the gage but these measurements wore made
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during a rapidly declining stage and the truo loss probably v/as much greater.

No determinations of seepage lossos were made during flood stages when the

discharge amounted to several hundred sccond-foct, but at such times, the

water spreads over a v/ide expanse of gravels and the rate of loss must bo

heavy.

Cherry Canyon.- Cherry Canyon drains about 70 square miles of moun

tainous area as compared with about 55 miles by Madera Canyon, and the

drainage area is of similar ruggedness and altitude. A Staff gage was

installed on the stream about half a mile below the mouth of the Canyon

on August 1, 1932, and read daily until November 13, and again from August

30 to September 9, 1933. In the intervening period, readings were made

once a week. From this fragmentary record of gage heights, supplemented

by miscellaneous measurements with a current meter, the conclusion is reached

that the discharge of the Canyon from August 1, 1932 to September 30, 1933

was materially greater than the discharge of Madera Canyon during corresponding

periods. The seepage studios disclosed that the stream disappears within a

relatively short stretch bolow the gage during low and moderate stages. For

example: On September 15, 1932 a discharge of 13.5 second-feet, and on

October 7, 1932, a discharge of 31.2 second-feet was entirely lost within

2-1/2 miles of the gage. (table, p. 74a)

Big Aguja Canyon. - Numerous measurements were made in 1932 and 1933,

of the discharge of this Canyon, at or near the dam of the Texas Pacific

Railway; the largest discharge, computed at more than 4,000 second-feet,

being on September 7, 1932. (table, pp.77-78).

A staff gage was installed in the Canyon on July 27, 1932 and read

intermittently until September 1, 1933. The area drained above the gage

consists of about 47 square miles, as compared with 54 square miles above

tho gaging station in Madera Canyon. The two areas apparently arc similar
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topographically. The records indicate that the discharge of the Canyon

v/as greater than the discharge from Madera Canyon in the early part of

September 1932, and somev/hat less in the latter part of that month, but

the record in Big Aguja Canyon is too fragmentary and too short to justify

any conclusions as to Vhether the run-off over a long period of time is

comparable.

Seepage surveys were made on September 1, 3 and 13, and October 6,

1932 (table, p. 60) to determine losses between the gage and Toyah Creek,

9.6 miles belov/ the gage. On September 1, the entire flow amounting to 18.7

second-feet was lost before Toyah Creek was reached. Similarly, on September

13, the total flow of 8.6 second-foot v/as lost. On October 6, tho loss v/as

18.4 socond-feet including the discharge at the gage plus inflow from tribu

taries below* On September 3, only 26.6 second-feet was long from a discharge

of 45.4 second-feet, but the measurements on that date were taken on a

rapidly declining stage and the actual loss probably was greater.

Little Aguja Canyon.- Numerous measurements of the discharge of this

canyon and its South Fork v/ere made in 1932 and 1933 (table, p. 77), the

maximum discharge from the main canyon boing estimated as 2,640 second-feet

on August 29, 1932. The stage of the stream was recorded daily for a few

weeks in the latter part of the summer in 1932 at a temporary staff gage,

at a point in the canyon above which approximately 31 square miles are

drained. From the gage height record and a few current meter measurements,

it is estimated that the discharge of the canyon during July and August may

have been about 8,000 acre-feet or a little more than half the discharge of

Madera Canyon.

Seepage surveys were made on this stream August 17, September 1, 13,

14, and 20, and October 6, 1932. In these surveys, it was found that the
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entire discharge of the stream ranging from 1.3 to 26.8 second-feet was lost

before Toyah Creek was reached, (table p. 59).

Limpia Creek.— The yearly discharge of Limpia Creek at the gaging sta

tion in Limpia Canyon is given below:

Discharge of Limpia Creek in Limpia Canyon
16 miles southwest of Balmorhea

Drainage area - 272 square miles

Year Discharge
(October 1 to September 50) (acre-feet)

1925 (Feb. 27 - Sept. 30) 4,080

1925-26 577

1926-27 661

1927-28 7,160

1928-29 839

1929-30 894

1930-51 1,610

1931-32 (October 1 to Aug. 27) 2,590

The station was destroyed by a flood August 30, 1932, in which it is estimated

a peak discharge of about 14,000 second-feet was reached. The stream was

measured at the lov/er gaging station from December 6, 1924 to July 15, 1926,

where as explained on p. 43, it is commonly known as Barillo Creek or Draw.

During most of that period, there was no discharge at either station, but

from March to September 1925, several runs of storm v/ater occurred in which

the discharge amounted to a total of about 4,800 acre-feet at the upper station

and about 11,000 acre-feet at the lower one. The sites of the two stations

are about 40 miles apart and the drainage from about 100 square miles of moun

tains, mostly less than 5,000 foot in altitude, enters tho stroam between them.

Five series of current motor measurements were made on Limpia Creek to

determine seepage losses and gains in various sections above and below the site
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of the gaging station in Limpia Canyon. These measurements indicate that

the stream increases from seepage inflow from the vicinity of Fort Davis

down to a point about 2 miles above the gaging site. Below that point, the

stream loses in several sections and disappears entirely during low and

moderate stages before reaching observation points, 19 to 22 miles below the

station, and 9 to 12 miles below the Jeff Ranch, (fig. 1) The loss in the

vicinity of the gaging station was as follows:

October 8, 4«2 second-feet; November 1, 8.6 second-feet; November 21,

4#1 second-feet; August 5, 1955, 12.6 second-feet. The loss between the Jeff

Ranch and points of measurement, a half mile to one mile below, was 6.2 foot

on November 1, 1952 and 2.4 second-feet on November 21, 1952. On October 8,

1952, a flow of 65.1 second-feet disappeared between the Jeff Ranch and the

observation point, 12 miles below.

Discharge of ground water.

Spring discharge.- The table below, compiled from the gaging records,

gives the approximate mean discharge of Phantom Lake, San Solomon, Giffin,

West Sandia and East Sandia Springs for the following periods: (1) Start of

record in the fall of 1951 to August 1952, inclusive; (2) September to Decem

ber 1952, inclusive, and (5) January 1955 to ond of record in September 1955.

Mean discharge of Phantom Lake, San Solomon, Giffin, l/
Wost Sandia and East Sandia Springs, in second-feet, 1951-55 ~"

I 2 3

Oct., Dec. 1951 Sept. to Jan.
to Aug. 1952 Deo. 1952 1955

Phantom Lake 15 ~ 55 18"

San Solomon 53 60 40

Giffin 4.7 5.6 5.0

Wost Sandia 1.1 1.7 1.3

East Sandia 1.1 13 1^2
Total 53 115 65

l/ See pages 61 to 67 and 72 to 74 for records of daily discharge.
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The mean discharge of the five springs amounted to 53 second-feet, or

about 23,800 gallons a minute, in the first period, 104 second-feet, or about

46,700 gallons a minute in the second; and 65 second-feet, or about 29,300

gallons a minute in the third. In the first period the rainfall at Balmorhea

v/as materially above the average, due to a fall of 2.25 inches in December 1931

and 3.79 inches in February 1932. In the second period, the rainfall was ab

normally high, amounting to 11.64 inches in September 1952 alone, or about 85

percent of the average annual rainfall. In the third period, the rainfall was

about 40 percent below the average. The total discharge during the three

periods, aggregating almost 2 years, v/as at the average rate of about 48,000

acre-feet a year.

The records of the combined discharge of the Saragosa and Toyah Creek

springs are too few to warrant making an estimate of their mean discharge dur

ing the same periods, but the available measurements indicate that it may have

been around 9 to 10 second-feet or at the rate of 6,500 to 7,000 acre-feet a

year. Thus the flow of all the springs from the fall of 1931 to the fall of

1933 probably averaged about 54,000 to 55,000 acre-foot a year.

Since approximately 25,000 acre-feet of the discharge occurred in the

four months September to December 1932, following abnormally heavy rains, the

mean discharge of the springs, during the period of record, must have been

materially greater than their long time average discharge..



Analyses of water^'from gravity springs near Balmorhea, Texas
(Parts per million.)

Analyzed by E. W. Lohr and L. A. Slrnn

Date Total Cal Magne Sodium Bicar Sul Chlo Ni Total

Spring of dissolved cium sium and bonate phate ride trate hardness

collection solids (Ca) (Mg) Potassium (HC03) (so4) (CI) (N03) as CaCO,,
(Na/K) 6

(calc.)
Toyah Creek Nov. 13, 1931 200 81 463 222 705 6F5 — 832

Saragosa Dec. 7, 1930 2,84S 272 102 584 332 868 842 5.0

6.0

1,098
1,104East Sandia Dec. 7, 1930 2,999 276 101 631 309 992 840

Partial analyses of water from wells in vicinity "f Balmorhea, Texas
(Parts per million.)

(T?ell numbers correspond with numbers in table of ivenl records.)
(Analyzed by E. W. Lohr and L.A. Shinn )

Der»th Date Total Cal Magne Sod*1' urn. and

of of dissolved cium sium P^tar?si urn

well collection solids (Ca) (Mg) (Na -L K)
(ft.) (calc.) (calc.)

'.Tell

No.

Owner

Balmorhea Live

stock Company

A. C Schreyer

16 Dec. 7, 1930 2,770

14 Dec. 7, 1930 2,295
4 A. V7. Wigley 20 Nov. 13, 1931 —

6 Sedro Garcia 20 Nov.

Nov.

13, 1931 —

11 Mrs. Nell B.

Westeiman

20 1931 —

12 J. P. TIill 22

13 Rosenbaum Company 15
17 Do. H~
18 Mrs. Paul Renz 12_
24 E. P. Stuckler 13

27 B. T'J. Vanderson

28 E. W. Backus "
30 W. E. Gould

37 Sarasosa School

20

56

158

Nov. 13, 1951
Nov. 13, 1931
Nov. 13, 1931
Nov. 13, 1931

Nov. 13, 1931
Nov. 15, 1931
Nov. 13, 1951
Dec. 7, 1950 1,542
Dec. 6, 1950 5,285

325 67

230 73

370 145

306 86

332 126

300 145

305 109

322 93

347 91

319 144

273 114

550 155

501 55

346 137

560

471

767

574.

764

721

"599
590

551

849

647

792

TV

595

Bi car- Sul- Chlo-

bonate phate ride

(^00J (so4) (CI)

354 849 810

288 706 655

_458 1,174 1,170
330" 881 835"
324 1,131 1,110

302

349"
29J0

"268"

1,366 875

-it?46 960

965 870

858 940

382 1,291 1,118
293 1,051 882

520 1,491 1,005
337 365 535

354 1,009 982

Ni

trate

(?0)

Total

hardness

as CaC0~,
(calcj^g

5.0 1,087

Ki 0

12

15

B74

1,520
1,118

'1,347

1,356
l",209
1.186
1,241"
1,388
1_,150_

"1,510
896

1,427
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Conclusions

The Phantom Lake, San Solomon and Giffin Springs come from an

extensive system of solution channels in lower Cretaceous limestone,

comprising in the aggregate a very large reservoir. The Lov/er Cre

taceous rocks are underlain by rocks of Permian age5 which yield to

wells in other parts of the basin of Toyah Creek water that is rather

highly mineralized, Water enters the Lower Cretaceous limestone along the

front of the Davis Mountains and probably all or nearly all of the water

is discharged by the springs. The limestone is close to the surface along

the northeast edge of a syncline at the Phantom Lake Spring, A few hun

dred feet east of the spring relatively impermeable strata of upper Cretaceous

age are dropped dov/n against the limestone on the northeast side of a fault,

thereby creating a barrier which causes the water to rise to the surface in

the spring. The throw of this fault is not very great and a large part of

the underground water escapes over the crest of the barrier and continues

underground toward the San Solomon and Giffin springs. In the vicinity of

the San Solomon spring the limestone again comes nearly to the surface and a

short distance to the east of the springs the Upper Cretaceous strata appear

in such a way that it seems necessary to assume that they are again drop

ped down against the limestone on the northeast side of a fault. This

fault presumably is of considerably greater throw than the one immediate

ly below the Phantom Lake Spring. It may create a practically complete

barrier to the movement of the water in the limestone and bring all or

nearly all of the flow to the surface in the San Solomon and Giffin

springs.



The Saragosa, West Sandia, East Sandia, and Toyah Creek springs

have their source in the relatively thin surficial gravel. In the

valley between Toyahvale and the Brogado Hills the maximum depth of

the gravels is likely to be 60 feet or less, and in most places it is

less than 40 feet. Between the Brogado Hills and Saragosa the gravel

and associated sand, silt, and clay have a thickness of several hundred

feet; there the deposits are not very permeable and tho water table is low.

A well put down in the vicinity of Phantom Lake or San Solomon

Springs above the faults might tap the limestone reservoir at shallow

depths, but it would be practically oertain to decrease the flow of

the springs. Between the San Solomon Spring - Giffin Springs fault

and the Brogado Hills the water-bearing horizon in the Lower Cretaceous

limestone probably is from 500 to 1,000 feet beneath the surface, per

haps around 700 or 800 feet. If the fault barrier just below the

springs is very tight the withdrawal of water from the limestone in this

stretch by means of a well would not affect the flow of the springs. If

the barrier is not complete, a well in that area would tend to decrease

the flow of the springst In this connection, the following possibility

should be kept in mind: If the fault below the springs offers an effective

barrier to the down-valley movement of the water underground, solution

channelling may not have developed extensively in the limestone belov/ the

barrier because of lack of circulation* As a result, the limestone may be

relatively tight between tho San Solomon Spring and the Brogado Kills and

the water in it may be comparatively highly mineralized.
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Before a well is put down in this part of the valley the San Solomon

and Giwin Springs should be equipped with automatic measuring devices

and accurate continuous records kept of their flow before the well is

placed in operation and while it is being operated to determine whether

the well affects the springs*

Shallow wells in the gravels in parts of the Balmorhea district

may yield a few second-feet of water but such wells, if improperly locat

ed, or pumped too heavily may deplete the flow of the Toyah Creek, Sara

gosa or Sandia Springs. The flow of these springs is effectively utilized

only during the growing season and in view of this and of the urgent need

for an additional supply of water during the relatively short critical

period of the growing season, an attempt to develop shallow ground water

would appear to be justified. If the wells were put down near the upper

end of the district three to four miles southwest of Balmorhea, it is

possible that the v/ithdrawal of water from them would not seriously affect

the flow of the springs until after the critioal period of the grov/ing

season* Then during the succeeding months the normal recharge to the

shallow ground-water reservoir would be expected to replenish the supply

in storage in the gravel* Some water might also be developed by shallow

wells in the moist area, subject to seepage from the Balmorhea irrigation

reservoir, betwoen the reservoir and Balmorhea. If wells are sunk in the

gravel and pumped for irrigation, especially in the district near Balmor

hea, the development should proceed cautiously and in the meantime con

tinuous accurate records should be kept of the flow of the Saragossa,

Sandia, and Toyah Creek springs, and of the position of the water table.
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In the district between the Brogado Hills and Saragosa the lime

stone is at greater depth, perhaps around 1,000 to 1,200 feet. It is

reasonably probable that any water that occurs in the limestone in that

area is shut off from the reservoir that supplies the large springs at

Balmorhea, and has its source partly in separate areas of intake and partly

in the overflow that passes from those springs. A deep well in this dis

trict, therefore, would not be expected to interfere with the springs.

A deep well in the vicinity of Balmorhea, perhaps 1,200 to 1,300

feet, would probably reach a water-bearing horizon in the basal Lower

Cretaceous sands or in the Permian rocks* The quality of the water that

might be encountered in these rocks is, however, not known.
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Eecords of the discharge of the streams and springs and seepage

gains and losses from the streams and canals of the Balmorhea district

are given in the following pages. These records are taken from Water-

Supply Paper 748.

Miscellaneous Measurements

of the

Discharge of San Solomon, Giffin, Saragosa and Toyah Creek springs
Near Balmorhea, Texas in second-feet

Date

Aug. 20, 1919

July 20, 1922

April 26, 1923

Sept, 25, 1923

June 3, 1924

June 4, 1924

Sept. 6, 1924

Sept. 7, X924

Oct. 17, 1924

Jan. 8, 1925

Mar. 4, 1925

June 2, 1925

Feb. 6, 1935

July 2, 1935

Aug. 13, 1935

April 15, 1936

San

Solomon

Spring

34.7

37.0

26.5

35.0

32.3

33.4

34.4

35.4

37.7

38.2

36.3

34.3

30.4

32.8

31.6

30.4

Giffin

Spring

3.9

5.4

3.9

2.9

3.4

Saragosa and
Toyah Creek

Springs

4.8

5.9
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Discharge measurements in Madera Canyon to determine
seepage from a point 13.3 miles above to a point 3.5

Toyahvale, Tex., 1932-33

Date Stream

1932

Sept. 1
' 1

|Madera Canyon
| do.
J do.
j do.
i do.

' do.

! do.

: do.

; do.
< do.

do.

do.

IMadera Springs Creek
IMadera Canyon

! do.
I do.
j do.

S do.

j do.
I do.
; do.
| do.
! do.

| do.
iSide canyon

IMadera Canyon

do.
i

do.

; dO.
jMadera Springs Creek
iMadera Canyon
• do.

1 do.

Oct.

2

2

2

3

3

3

3

12

12

12

12

15

15

15

21

21

21

21

21

24

24

24

24

24

6

Location

Gage

Madera Springs road crossing
8.2 miles below gage
Gage
Madera Springs road crossing
8.2 miles below gage
Duncan Kingston crossing

!Gage
|Madera Springs road crossing
J8.2 miles below gsge
• Duncan Kingston crossing
Gage
Mouth

Madera Springs road crossing
8.2 miles below gage

Gage

Madera Springs road crossing
8.2 miles below gage

Gage

Rock outcrop

Madera Springs road crossing
0.2 miles below Madera Springs road crossing
8.2 miles below gage
Gage

Mouth

1.5 miles below gage
2.5 rrrles below gage
3.5 miles ^elow gage
Gage

Mouth

2.6 miles belov; gage
3.7 miles below gage

Limestone outcrop

losses from

miles above

Distance

from

initial

point
(miles)

Discharge (second-feet)

13.3

7.1

5.1

13.3

7.1

5.1

3.5

13.3

7.1

5.1

[Main

Istream

I 23.2

3.9

0

67.5

41.8

2.2

.5

41.8

16.1

8.3

4.5

13.3 28.7

11.3 -

7.1 7.2

5.1 2.5

13.3 14.5

7.1 .3

5.1 .2

13.3 5.2

7.5 0

7.1 .3

6.9 0

5.1 .6

13.3 6.7

13.2 -

11.8 6.7

10.8 1.0

9.8 .2

13.3 37.3

11.3 -

10.7 22.6
9.6 4.5

9.3 0

0.5

.3

1.5

Gain ori Total

loss in jgain or
section

-19.3

- 3.9

-25.7 -25.7

-39.6 |-65.3
- 1.7 ! -67.0

-25.7

loss

-19.3

-23.2

-25.7

- 7.8 -33.5

- 3.8 -37.3

-22.0

- 4.7

-14.2

- .1

-22.0 '

-26.7

-14.2

-14.3

- 5.2 - 5.2

/ .3 - 4.9

- .3 - 5.2

/ .6 - 4.6

- .3 - .3

- 5.7 - 6.0

- .8 - 6.8

-16.2 -16.2

-18.1 "" O 'x. <_)

- 4.5 -38.8



Date

19:73

Aug. 27
27

Stream

Madera Canyon
do.

27 i do.

Discharge measurements in Madera Canyon--Continued
1932-33

Location

Gage

Madera Springs road crossing
'Duncan Kingston crossing

Distance

from

initial

point
(miles)

13.3

7.1

3.5

Discharge (second-feet)

Main j Tribu-
stream j taiy

17.5

I 11.4

! 0

Gain orj Total
loss in:gain or
section| loss

- 6.1

-11.4

!- 6.1
f-17.5

i
CJI

P
I



Date

Nov. 6

6

6

6

6

6

Jan. 23

23

23

23

23

Mar. 14

14

14

14

14

14

14

14

May 16

16|
161
16J
16!
16!

161

July Hi
11

ni
HI
ii!
ni
nl

Discharge measurements of Toyah Creek to determine losses from
seepage from a point 1.2 miles above to a point 8.8 miles below

Toyahvale, Tex., 1932-33

Distance

fr^m initial

p^int
(miles)

Pi scharge (second-feet)
Stream or diversion

Toyah Creek
Project waste
Saragosa Springs Creek
Toyah Creek

do.

do.

do.

Saragosa Springs Creek
Toyah Creek

do.

do.

do.

do.

Saragosa Springs Creek

Toyah Creek

Moore Canal

Toyah Creek

Saragosa Canal

Toyah Creek

do.

Saragosa Springs Creek

Toyah Creek

Moore Canal

Toyah Creek

Saragosa Canal

Toyah Creek
do.

Saragosa Springs Creek

Toyah Creek

Moore Canal

Toyah Creek

Saragosa Canal

Toyah Creek

Aloma settlement

0.9 mile above Balmorhea

150 feet above mouth

500 feet below Balmorhea Bridge
500 feet below Moore Dam

Saragosa Dam
1,8 miles above Balmorhea Bridge
200 feet above mouth

300 feet below Balmorhea Bridge
300 feet belov/ Moore Dam

Saragosa Dam
United States Highway 290 crossing
1.8 miles above Balmorhea

200 feet above mouth

500 feet beloxv Balmorhea Bridge
150 feet below takeout

500 feet below Moore Dam

50 feet below takeout

50 feet below Saragosa Dam
l.P miles above Balmorhea Bridge
50 feet above mouth

500 feet below Balmorhea Bridge
2,000 feet belov; Moore Dam
500 feet below Moore Dam

50 feet below Saragnsa Dam
do.

1.8 miles above Balmorhea Bridge
200 feet above mouth

500 feet below Balmorhea Bridge
2,000 feet below Moore Dam
500 feet below Moore Dam

125 feet below Saragosa Dam
50 feet below Saragosa Dam

I

Main jTribu-i Diver-
stream tary Ision

•6.0

7.3

4.0

7.0

3.5

•Gain or

loss in

section

Total

gain or

loss

/5.3
/1.6
-1.7

1 /4.3
|/.3
i -2.3

j-2.5

j /2.7
i

!+ -7

/5.3
/6.9
/5.2

/4.3
/4.6
/2.3

-2.5

/ .2

/ .9

/2.3

1/2.8 1/2.8
i i _
i i

j - .3 i /2.5

/3.4

/2.7

/ .3

/1.9

/4.9

/2.7

/3.0

/4.9



Discharge measurements in Little Aguja Canyon to determine losses from
seepage from a point 15.5 miles above to a point 2.2 miles above

Toyahvale, Tex., 1932

Date Stream

Aug. 171 Little Aguja Canyon

17 do.

17 jSouth Fork of Little

Aguja Canyon

17 !Little Aguja Canyon

17! do.

171 do.

17: do.

17! do.

17 j do.

17 j do.

171 do.

Sept • li do.

1|South Fork of Little
! Aguja Canyon

1! Little Aguja Canyon

131 do.

13; do.

13; do.

13- do.

14, do.

14; do.

20 : do.

201 do.

20 do.

20 do.

20; do .

20! do.

Oct. 6« do.

6 do.

6 Wet-weather springs
6< Little Aguja Canyon
6. do.

Location

•Temporary staff gage
'2.8 nrles below staff gage
0.2 mile above mouth

"5.5 miles below gage
7.0 miles below gage
8.5 miles belov; gage
9.6 miles below gage
300 feet above limestone bluff

Upper end of limestone bluff
Lower end of limestone bluff

Mouth

3 miles below gage
0.2 mile above mouth

Mouth

50 feet below mouth of South Fork

100 feet above limestone bluff

50 feet above limestone bluff

0.1 mile below limestone bluff

50 feet below mouth of South Fork

0.5 mile below white bluff

50 feet below mouth of South Fork

150 feet above upper Duncan road

100 feet above white bluff

600 feet below white bluff

Second white bluff

0.1 mile below second white bluff

200 feet below mouth of South Fork

Lower Duncan road crossing

Limestone bluff

50 feet below limestone bluff

;4,000 feet above mouth

Discharge (second-feet)
Di stance

from

'initial

point
(miles)

i-
|Gain or

i Main j Tribu-lloss in
istream ; tary jsection

Total

gain or

loss

15.5

12.7

11.5

1.3

1.0

io.o ; .4

8.5 i .6

7.0 ! .4

5.9 i .2

4.3 ! .1

4.3 ! 0

4.0 I .2

2.2 | 0

12.5 | 12.1

11.5 | -

I

2.2 0

11.3 22.8
A ^ 0

t1 ^ .1
^ o 0

11.3 11.2

8.2 0

11.3 4.1

9.5 0

6.7 . 6

8.6 0

7.8 .6

7.7 0

11.2 26.8

6.0 25.5

4.3 -

3.9 2.2

3.0 0

0.4

6.4

.2

-0.3

j -1.0
i / .2
1 - .2
! - .2
!

' - .1

! - .1
: / -2

- .2

!-18.5

1-22.8
! / .1
; - -1

1-11.2.

-0.3

-1.3

-1.1

-1.3

-1.5

-1.6

-1.7

-1.5

-1.7

-18.5

-22.8

-22.7

-22.8

-11.2

! -4.1 -4.1

! / .s -3.5

! - .6 -4.1

i / -6 -3.5

; - .6 -4.1

- .3

-24. 5

-2.2

•24.8

i-27.0

1



DischargemeasurementsinBigAgujaCanyontodeterminelossesfrom
seepagefromapoint11.Smilesabovetoapo^'nt2.2milesabove

Toyahvale,Tex.,1932

DateStreamLocation

Distance

from

initial

point

(uples)

Discharge(second-feet)

Sept.liBigAgujaCanyon
do.

SevenSprir.gsCreek

BigAgujaCanyon

do.

do.

SevenSpringsCreek

BigAgujaCanyon

13|'do.
13jWalnutCanyon

13jBigAgujaCanyon
13;SevenSpringsCreek
13'BigAgujaCanyon

Oct.6|do.
61do.
6jBreakinTexas&
jPacificpipeline

6|BigAgujaCanyon
6jWalnutCanyon
6:BigAgujaCanyon

6jSevenSpringsCreek-
elBigAgujaCanyon
6Ido.

6jdo.
6;do.

!Temporarystaffgage

jAbovemouthofSevenSpringsCreek
SMouth

:do.

jTemporarystaffgage
|AbovemouthofSevenSpringsCreek
!Mouth

;do.
ITemporarystaffgage
Mouth

AbovemouthofSevenSpringsCreek
;Mouth

do.

;Temporarystaffgage
Abovepipe-linecrossing

Canyoncrossing

•Belowpipe-linecrossing
:Mouth

AbovemouthofSevenSpringsCreek
:Mouth
j3milesabovemouth
;-g-mileabovemouth
10.4mileabovemouth
;Mouth

11.8

7.3

7.2

2.2

11.8

7.3

7.2

2.2

11.8

7.5

7.3

".2

2.2

11.8

9.6

9.5

9.5

7.5

7.3

7.2

5.2

2.7

2.6

2.2

MainITribu-
streamj_tary

18.™
4.4

0

I45.4!
!35.7I
!_j
I19.2;
|8.6!j

:5.6i
!i
i~i
i0

iio-3;
!5.6i

I7.1;

!14.0[

!°"! Ioi
.i1
.1

0.5

.4

.2

4.8

1.5

.6

6.1

Gainor

lossin

section

-14.3

-4.9

-9.7

-16.9

-10.4

-4.7

0

/6.3

-20.1

0

/.1
0

Total

gainor

loss

-14.3

-19.2

-9.7

-26.6

-3.2

-13.6

-4.7

-4.7

/1.6

j-16.5
I-18.5

j-13.4
I-18.4
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Discharge, in second-feet, of

-62-

Phantom Lake Spring near

Continued

Toyahvale, Tex., 1931-33-

Day Oct. Nov.

——i—'•--•• •••

Dec. |Jan. Feb. Mar. Apr. i'lay ' June
i

July Aug. Sept.
r, .... __. . .. .

1932-33 ! i
1
j

1 104 31 21 18 17 16 16 | 16 15 c :L5 14

2 114 30 21 18 17 16 16! IC i 16 c .L5 14 42

o 114 30 21 18 17 16 16 i 17 • c. 16
.

L5 14

4 109 29 21 13 17 16 16 j 17 c. 16 L5 14 47

5 102 28 21 18 17 16 16 ! 17 ; r-s 16 L5 14 46

6 88 23 21 18 17 16 16 1 17 1 c, 16 •

•

L5 14 46

7 82 27 21 18 17 16 16 jc 17 I c! 16 15 14 44

8 75 26 21 j 18 17 16 16 jc 17 [ 16 C .15 14 45

9 73 26 21 j 18 17 16 16 ic 17 16 L5 14 43

10 70 26 20 | 18 17 16 16 jc 17 16 L5 14 42

11 67 25 20 18 17 j 16 16 . 17 16 14 14 42

12 64 25 20 18 17 ' 16 16 j 17 15 14 14 43

13 63 25 20 18 17 j 16 16 i 17
i

15 14 14 43

14 61 24 20 18 17 j 16 16 I 16 . 15 14 c 14 "^ -

15 60 24 20 \ 13 17 i 16 16 j 16 15 _14 14 1 -

16 57 24 19 ! 18 17 1 10 16 : 16 15
•

14 c 14 V 36

17 55 24 19 ; i::- 17 ; 16 16! 16 , 15 14 14
/

-

18 53 23 19 | 18 17 ; 16 16 1 16 15 14 14 j -

19 51 2:5 19 ! 13 17 | 16 16 16 14 14 14 -

20 49 23 19 18 17 1 16 16 16 14 14 14
C

28

21 46 23 19 j 18 17 j 16 16 16 14 14 14 c 28

22 44 23 19 j 18 17 ! 16 16 j 16 15 14 14 c 28

23 43 23 19 ; 18 17 i 16 16 j 16 15 14 14 27

24 42 9^ 19 j 18 17 : 16 16 j 16 15 14 14 26
OR 39 23 19 j 18 17 i 16 16 1 16 15 14 c 14 25

26 38 22 19 18 16 j 16 16 | 16 15 14 c 14 24

27 37 22 19 18 16 ! 16 16 ! 16 15 14 c 14 22

28 35 22 19 17 16 ! 16 16 ; 16) C: 15 14 14 21

29 33 21 19 17 - ! 16 16 j 15 c 15 14 16 21

30 32 21 19 \ 17 - | 16 16 1 IE> c 15 14 a 24 21

31 31 _ 18 i 17

1
16

i

I
i
f

IE — c 14 *"~ ""

Day Oct.

; j ->
;Nov. '. Dec.

— ;

Day |Oct . : Nov. jDec. Day Oct. Nov Dec,

193C»

! . 1933 ~j~ i
1933 i

1 20 j 16 |"> 11 17 j 16 h 21 16 16| a 16

2 20 ! 16 I! 12 17 | 15
'

22 16 16 ! 16

3 20 1 i6 ! ; 13 17 ! 15 i 23 16

i
i
j 16

4 19
i ' t

, 16 I 14 17 ! 15 !
j 24 16 16

5 i 19 1 16 i ••• 15 j 7 I 16 i 25 16

il i 16

! !aVl6 1
i jabl6 6 |

6 19 i 16 :' 16 1 17 1 16 !

i
r

26 16 1

i
16

7 ! 19 1 16 Ii 17 i 17 | 16 i

i 27 16 1
i
t

i
16

8 18 i 16i 18 1 17 i 16 1
1 28 :L6

i
1 16

9 1 18 ! 16 i 19 | 17 | 16 29 :L6 j
i

16

10 ! 1? j 16 -/
f !

20 j 16 j 16
i

i
!

30
:
1.6 i

i
16

a Estimated

c Partly estimated or interpolated.



-62a-

Discharge, in second-feet, of Phantom Lake Spring near Toyahvale, Tex., 1931-53-
Continued

Month

1931-52

December 21-31

January

February
March

April

May
June

July

August

September

The roeriod

Maximum

25

22

13

15

17

89

MiMinimum ;iean Run-off in

acre-feet
.- i

- ; 13.0 284

13 1 13.0 799

13 ; 15;3 380

16 1 18.3 1,130
- ' 14.4 857

- ; 13.5 830

12 1 12.8 762

12 j 12.8 787

12 1 12.7 781

18 ; 34.3 2,040

9,150



-b5~

Discharge, in second-feet, of Phantom Lake Spring near Toyahvale, Tex., 1931-33-
Continued

1 Run-off in

Month Maximum Minimum ; Mean acre feot

1932-33
i

October 114 31 ! 62.3 3,830

November 31 24/8 1,480

December 21 18 ! 19.7 1,210

January 18 17 i 17.9 1,100

February 17 16 j 16.9 939

March 16 16 ! 16.0 984

April 16 16 ! 16.0 952

May 17 15 ! 16.3 1,000

June 16 14 i 15.2 904

July "IK
J.'-'

!•:- i
-i * • rv

li.O 879

August 14 : 14.7 904

September

1933

- 21 , 35.1 2,090

The year 114 14 22.5 16,300

October 20 16 | 17.2 1,060

November
;

15.9 946

December

•i

16.0 984

The year
1

i
2,990

Discharge, in second-feet, of G-iffen Springs
at Toyahvale, Tex.

1931-33

Day Oct. . Nov. • Dec. ; Jan. \ Feb. !Mar. Apr. ! May
" ' ' ' '"' " " ™

June : July ' Aug. Sept.

1931-52 '
j

i •

: j
i ,:

1 **
4.3 a3.7 ; 3.6 ; 4.5! 4.6 4.7 ; 4.7 *• 6 ' 4.7 a4.7 a4.7

n
- 4.2 • a3.7 3.6 : 4.5 ! 4.6 4.7 i 4.7 4;7 ; 4.7 4.7 4.7

5
♦

4.1 3.7 3.6 4.5 ; 4.6 4.7 i 4.6 4.7 • 4.7 4.7 4.7

4
\

4.1 « O . O ; 3. 6 i 4.5 i 4.5 4.?: 4.6 4.6 '• 4.7 4.7

1 -'5 — 4.1
rr r r;- .«'*

c. o ; A R ! 4.6 4.7 i 4.6 4.7 4.7 4.7

6 - 4.1 ' 3.6 ' 3.6 ; 4.5 ! 4.6 4.7 i 4.6 4.7 . 4.7 4.7 '• -

7
~

4.1 3.6 ' 3.6 1 4.5 i 4.6 •x. / : 4.6 4.7 i 4.7 4.7 v —

8 _ a4.1 3.6 ; 3.6 ) /r. 9 O ! 4.6 4.7 ! 4; 6 4.6 j 4; 7 4.7 a4.8
9 „. a-i.l 3.6 3.6 ; 4C5 : 4.6 4.7: 4.6 4.6 i 4.7 4.7 (-

10
-

a4.1 3.6 3.6 i 4.5 ; 4.6 4.7 ! 4,6 4.6 ! 4.7 4.7 ! _
11

*"
a3.9 3.6 | 3.6 ! 4.5 i 4.6 a4.7 ! 4.6 4.6 ; 4.7 4.6 j-

12 ~ a3.9 3'. 6 j 3.6 : 4.5 i 4.6 a4.7 , 4.6 4.6 i 4.7 4.6
!

13 _ 3 9 3.6 ; 3.6 ! 4.5 ' a4.6 a4.7 1 4.6 4.6 l 4.6 4.6 J

14 - o, 8 o. b ' 3.6 : 4.5 ia4.5 a4.7 j 4.6 4.6 i 4.6 4.6 a4.9

15 - 3.8 T £
O. O ; 3.6 : 4.5 ; 4.6 a4.7 | 4.6 4.6. i 4.6 4.6

a5.2
16 — 3.8 3.6 :

rr

: 4.6 | 4.6 a4.7 i 4.6 4.6 ; 4.6 4.6

17 - 3.8 Om b 3.6 ' 4.6 l 4.6 a4.7 4.6 4.6 ' 4.6 4.6 a5.4

18 - 3.8 a3.6 '. 3.6 I 4.6 j 4.6 4.7 j 4.6 4.6 i 4.6 4.6

19 ~ 3.8 a3.6 i 3. 6 i 4.6 | 4.6 4.7 ' 4.6

U.6 1
4.6 4.6 > "

20 .. 3.8 3.6 ' o .6 i &• 6 '
i ~ * I

4.6 -•7 1 4.6 4.6 4.6
)

-

21 - 3.8 3.6 j 4.1 1 4'6 1 4.6 4.7 4.6 J _ ; 4.6 4.6 -

22 - 3.8 4.2 ! 4.6 | 4.6 4.7 : a4.6 "\ ~ i 4.6 4.6 -

33 - 3.7 3.6 • 4.3 | 4.6 1 4.6 4.7 | a4.6 a4.7 : 4.6 4.6 _

24 - 3.7 3.6 ; 4.3 | 4.6 i 4.6 4.7 a4.6 J _ ! 4.6 4.6 a5.3

25 4.7 3.7 3.6 ; 4.3 ! 4.6 1 4.6 1 4.7 a4.6 4.7 ! 4.6 4.6
a Estimated, interpolated , or partly estimated.
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Discharge, in second-feet; of Giffen Springs

At Toyahvale, Tex#—Continued

1931-33

Day i Oct. : NOV. Dec. ' TV. >11 ticai. iteb. , Mar. Apr. i May June • July Aug. ' Sept.
1931-32 i

t
• j

i

r "•
1 " |

26 4.7 3.7 3.6 i 4.5 : 4.6 I 4.6 4.2 : a4.6 4.7 : 4.6 4.-6 h,
27 i 4.7 3.7 3.6 » 4.5 1 4.6 I 4.6 4.7 \ a4.6 4.7 i -«6 4.6 | !
28 i 4.7 3.7 3.6 i / k >

*C.O . 4.6 j 4.6 4.7 a4.6 4.7 i 4.6 •--.6 , ,
a4.7 i a5.329 4.6 3.7 5.6 /. i- i 4.6 : 4.6 4.7 4.6 4.7 -

30 4.6 3.7 3.6 4.5 j - ' 4.7 : 4.7 4.6 4.7 • a4.6 a4.7 ! (
4.7 '--J31 4.5 _ 3. 6 4.5 j

j
4.7 ;

1

— 4.6 ~ ! ~*

a Estimated, interpolated, or partly estimated.
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Discharge,insecond-feet,ofGiffenSpringsatToyahvale,Tex.,1951-55-Contd.

Day
1932-53

1

2

3

4

5

6

7

10

11

12

13

14

15

16

17

10

19

20

21

22

23

24

25

26

27

28

29

30

31

Oct.!Nov.!Dec.jJan.iFeb.jMar.
T

Apr.IMay;June:July;Aug.;Sept.

i!
ii

.6.11}5.9j)5.6'v5.3

4.9

4.9\5.ij•'..9!a5.04.9!4.9a5.3

4.9!5.14.9;a5.04.9!4.7a5.4

4:9is;i;4.9,a5.04.9!4.7-

a4.9
1

!5.o;4.95.04.914.7-

a4.9so"05.0;4.9.5.0-I'Q•4.7-

a4.9••5.o;4.9,5.04.9!4.7-

a4.95.0i4.9i5.04.9;4.7-

a4.9s5.0'4:95.0a-i.9j4.7

a4.95.15.0;4.9:5.0a4.9;4.7

a4.95:15.0'4.9;5.0a4.9:4.7-

4.95.15.0;4.9:5.0a4.9;4.7
_

4.95.15.0;4.9.5.0a4.914.7-

4.95.15.0i4.9;5.0a4.9!4.7
-

4.95.15.0I4.9'4.9/0:4.7
-

4.95.15.0!4.9;4.94.9!4.7
_

4.95.15.0j4.94i94.9i4-;-e
-

5.1a5.0j4.9|4.94.9i4.6-

•

*1a5.0i4.9!4.94.9!4.6-

5.1a5.0;4.9i4.94.9j4.6
-

5.1a5.0;5.o;4.94.914.6-

5.1a5.0j5.04.94.9|4.6-

)5.05.1a5,0i5.0/'O4.9j4.6-

5.1a5.0I5.04.94.6i4.6
_

5.1a5.0'5.0;4.9^.0j4.6""

5.1a5.0i5.0;/G
'•*-0•>4.3,4.6

1

5.15.0;5.0IAQ4.3!a4.6-

/
rS15.0!5.0'4.94.3

1

h
-

5.14.9:5.0'A-9 •*•0J4.6-

-5.14.9:5.0
4,9

4.'rik9
-

~
5.14.9;5.0i:."4.9

1.
;i

_

-
5.1""i5,0:

__

4.9J'"-

aEstimated,interpolated,orpartlyestimated.
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Discharge, in second-feet, of Giffen Springs at Toyahvale, Tex., 1931-53-Contd.

Month

1931-32

October 25-31

November

December

January

February

March

April

May

June

July
August

September

The period

1932-33

October

November

December

January

February
March

April

May
June

July
August
September 1-2

The period

Maximum Minimum Mean

Run-off in

acre feet

4.7 4.5

4.3 3.7

3.7 3.5

4.5 3.6

4.6 4.5

4.7 4.6

4.7 4.6

4.64 64

3.89 231

3.61 222

5.83 239

4.55 262

4.61 283

4.70 280

4.61 283

4.65 277

4.64 235

4.64 235

5.06 301

4.7

4.7

5.1

5.0

5.0

4.9

5.4

4.6

4.6

- 6.10

~ 5.90
- 5.60

- 5.29

4; 94
_ 5.07

4.9 5;oo

4.9 4.94

4.9 4.94

4.3 4.81

- 4.70

5.3 5.35

3,010

375

351

344

325

274

312

298

304

294

296

289

21

3,480

Estiraated, interpolated, or partly estimated.
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Discharge,insecond-feet,ofSanSolomonSprings,atToyahvale,Tex.,1931-33-
Continued

Day;Oct.
i

i>Iov«'

i

Dec.'Day
i..

Oct,Nov.!Deo.]Day|Oct.Nov.Dec.

1933i
!;!

i1933i;1933!

ih144!b39j1141.41!21:4640a40
2!;43!b39|12;a50i41;4i;22;464040
3i43i40;13;!4141|23,464040
41!43|b40i14!46.4141j24|464040

51:
42>40|15|46,4141!251454039

1\a50

6'?

!

!
\

i|ji
42-40116!4641^i26•4540b39

7i!42i41j17\b46'41;•27!454039
8!;42i41ij18ib46:41

;¥°128'454039

9Ii42i4i:19!46'40i29443939

10Pi42|41!20;
I

46.40'•J:30
31

44

44

3939

38

1:]Run-off
MonthjMaximum

j
Minimum\Mean

i
iini

i
acre-feet

1931-32
i

!

October14-313231.31.3!1,140

November:35.(3;2,080

Decemberi!36.2!2,230

January!
i133.3j2,050

February
1

j363030.<d;1,780
Marohi363334.

1

4.2,100
April

j
3431oCjm3i1,920

May3332i32.1i1,970

Junej3432;32.5i1,930

July
!

3432j0<L9^!2,020

August
1

4032\32.72,010

September
3period

6642!57.(33,390

Th(
j24,600

a.Estimated.

b.Partlyestimatedorinterpolated.



Discharge, in second-feet, of San Solomon Springs at Toyahvale, Tex., 1931-35-
Continued ^

Run-off in

Month Maximum Minimum Mean acre-feet

1932-33

October 71 66 68.9 4,240

November 66 56 62.2 3,700

December 56 46 50.1 3,080

January
February

March

46

41

40

41

40

36

42; 6

40.5

38.1

2,620
2,250
2,340

April 36 36 36.0 2,140

May 37 56 36.5 2,240

June

July
August

September

year

1933

period

38

A A

34

34

48

35.3

36.6

35.4

54.8

2,100
2,250
2,180
5,260

The 71
- 1

r/V 44.7 32,400

October

November

December

•

; 44

i 41

1 q

44

39

38

47.4

41.0

40.0

2,910
2,440

2,460

The

I I

|
i

7,810



Date

1931

Oct.27

27

27

27

27

27

27

27

27

27

28

28

28

28

28

28

28

28

28

1933

Jan.11

11

11

11

11

DistrictmeasurementsofmaincanalofReevesCountyWaterImprovement

DistrictNo.1todeterminelossesfromseepagefromsourcetoend,near

Balmorhea,Tex.,1933.,lc:33

Streamordiversion

Maincanal

Carpentertake-out
GiffinSpring
Reservoirtake-out

HenryJonestake-out
Northcanaltake-out

Gateleakage

Maincanal

Walkertake-out

Gateleakage
Maincanal

Highwayditchtake-out
SolMayertake-out
Saragosacanal
Siphonditchtake-out
Gateleakage
Maincanal

Gateleakage

Maincanal

Maincanal

Northspill
Maincanal

Gateleakage

WestSandiacanal

11Maincanal

11Lateraldiversion

11Maincanal

11!Gateleakage

11'Maincanal
12iSiphonditch

Distancej
fr'^minitialj\

point\MainiTribu-
(irnles)|stream>tary

Location

300feetbelov;SolomonSpring

Totalleakagebetweenpointsonmaincanal!
Crenshawgarage,Balmorheaj

i

Totalleakagebetweenpointsonmaincanalj
Highwaycrossingj

jTotalleakagebetweenpointsonmainc-.nalj
j150feet-belowSiphonditch
Totalleakagebetweenpointsonmaincanal
|-mileaboveendofsystem

500feetbelowGiffincanaljunction
JKnapp'scorner
|BalmorheaHotel
'Totalof2leaks

Gage
Brogaclo

Totalof3leaks

Weir75feetbelowmaincanal

0

.8

1.4

1.4

1.4

2.2

4.0

6.0

7.0

7.0

8.0

8.4

8.4

8.4

11.4

1.8

3.1

4.7

5.6

6.0

6.6

7.1

8.1

9.6

Discharge(second-feet)
Gainor

lossin

section

!Total

gainor

loss

32.0|-

1.34

25.3

21.4!

Diver

sion

2.81

2.83

.40

.27

.12

.61

.10

I5.94
i5.20

-1.6-1.6

-3.2-4.8

;1.98|-
:-I8.98

!-!.60
1.42;-

.38!-

48.7|-

19.9;-

i1.8

22.2j-

20.2I-

21.0!-

.70

I-!

126.3! I!

-1.2

-.3

-2.5

-6.0

-6.3

-2.5

-

/.6-1.9

.8
--

-
-1.2-3.1

.2
--

_

/l.O-2.1

.8
-~

I
cr>

CO
I



Discharge measurements of main canal of Reeves County Water Improvement
District No. 1 to determine losses from seepage fr~ source to end, near

Balmorhea, Tex., 1931, 1953—Continued
i Distance

ifr^m initial
! point

(miles)

Discharge (second-feet)~
Date I Strean or diversion

1933 j
Jan. 12* Ma in canal

12- do.

Mar. 13! do.

13. do

13,Gate leakage

13 Main canal

13j West Sandia canal
131 Main canal
13! do.
13| Experiment farm spill
13 Main canal

13!
14

14

14

14 Main canal

do.

do.

do.

Gate leakage
do.

Location

j 500 feet below Giffin canal junction
j7/i.gl ey road cross ing
|KnappTs corner
j 4.00 fer.t above Highway Garage
j50 feet above highway
il mile below Brogado
IHighway crossing
I do.
!Above Saragosa canal junction
;i|- mile below Siphon ditch
ISaragosa road crossing
!500 feet below Giffin canal junction

400 feet above Highway Garage

9.7

11.1

1.8

5.8

3.1

4.7

5.6

6. 3

7.7

8.3

9.6

10.1

11.1

1.8

3.0

3.7

4.7

Main JTribu-
streamj tary

17.1 j
17.4 j
11.3 !
11.4 !

11.0 I

11.9 I
11 °

_ i

12.5 I
8.3 :
8.8 I
8.2 I

7.8 '!

1.3

JDiver-j
i si.on i

.1

.1

.1

Cain r>r

l^ss in

section

-2.1

/ .3

/".I
- .3

- .4

0

0

+ .5

- .2

; Total

gain or
loss

-4.2

-3.9

/0.1

- .2

- .6

- .6

- .6

/".5
!
o



Date

Oct,

Nov,

27!

271
27j
27;

27|
27 j
27'
27

28

28

16

16

16

16

18

18

Discharge measurements of laterals of Reeves County Water Improvement
District No. 1, to determine losses from seepage near Balmorhea, Tex.,

1931

Stream or diversion Location

Di stance

from

initial

point
(miles)

Di scharge (secp'ii-feet)

Carpenter take-out

do.

Reservoir take-out

do.

Highway ditch

Mills ditch

Highx-ny ditch

do.

Siphon ditch

do.

Moore canal

do.

Saragosa canal
do.

Giffen Spring canal
do.

Point of diversion

.Point of delivery
Point of diversion

Confluence with reservoir creek

Point of diversion

do.

Bel^w Mills Ditch take-out

Point of delivery to Mayer farm
Point of diversion

Point of delivery to Fane Down farm
300 feet below Moore dam

Pecos Valley Southern 'Ry. dressing
1,000 feet below7 diversion dam
Weir

do.

Siphon

0

1.0

0

1.0

0

.8

.8

1.3

0

2.3

0

.5

0

.5

0

Main jDiver-
stream | sion

2.81

2.73 |
2.83 1
2.33 j
9.32 j

3.80

3.84

9.32

6.19

4.29

4.35

1.97

1.68

3.80

4.06

5.91

IGain or
;loss in

i section

! -0.08
i

i - .50

/• .39
/ .04

-3.13

/ .06

- .??

/ .86

Total

5ain 02
loss

-0.08

- .50

.43

-3.13

/ .06

-

!

.29 <f

/ .26



Discharge measurements of reservoir outlet canal of Reeves county Water
Improvement District No. 1 to determine losses fr^m seepage from release gate

at reservoir to junction with main canal, negr Balmorhea, Tex., 1932-33
j (Distance \

• fr-m

J initial
I point
i (miles)

Date Stream and diversion Locati on Discharge (second-feet)
: |

; Main {Diversion
istream!

1932

July 22
22

22

26

26

26

26

26

26

Aug. 17
17

17

Outlet canal

|Gate leakage
|Outlet canal
j do.
jGate leakage
!Outlet canal

! do.
I do.

; ^.
I do.

; do.
do.

1933 |
July 20i

20;

26l
26 1

do.

do.

do.

do.

10.1 mile below release gate

10.3 mile below release gate

;3.5 miles below release gate

iO.l mile below release gate
10.3 mile belo*- release gate

!0.7 mile below release gate
jl.7 miles below release gate
2.4 m/les below release gate

150 feet above main canal
10.1 mile below release gate
jO.4 mile below release gate
'2.6 miles below release gate

j0.2 nr le below release gate
,0.4 mile above main canal
10.2 mile below7 release gate
10.6 mile above main canal

0.1 52.2

.3

3.5 48.0

.1 42.1

.3 -

.7 40.9

1.7 41.1

P.4 39.8

3.5 41.5

.1 1.6

.4 2.1

2.6 1.6

.2 14.2

3.1 11.6

J2 7.2

3.9 6.0

0.4

Gain or

loss in
section

-3.8

- .9

/ .2
-1.3

A.7

/ -3
- .5

-2.6

-1.2

Total

gain or

loss

-3.8

- .9

- .7

-2.0

- .3

/ .3

-2.6

-1.2
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Discharge, in second-feet, of West Sandia Spring at Balmorhea, Tex., 1952-35-Con.
i Run-off in

Month Maximum Minimum • Mean i acre feet

1931--32 i "

j
!
i

November 17--30 i;i 1.1 ii.io I 31

December 1.2 1.1 |1.13 1 69

January i.i 1.1 j1.10 ; 68
February. 1:4 1.1 i 1.21 i 70

March 1.4 1.2 ii;s9 ; 79

April 1.3 1.2 j1.21 72

May i 1.11 ' 68

June
-

| l «l*v, ! 67
July 1.1 1.0 !1.06 i 65

August i;i 1.0 !1.03 ! 63

September

?iod

1.7 1.1 ;1.61
1

96

The pe:
i

748

October

November

December

January-

February
March

April

May
June

July

August 1- 28

1932-33

The period

a Estimated,

b Partly estimated.

!i;89 ! 116

1.8 1.7 !1.72 ; 102

!i;&8 i 103

i1.66 j 102

1.7 1.6 11.63 | 91

1.6 1.3 ; 1.47 ! 90

1.3 1.2 !1.28 i 76

|1.20 I 74

i1.15 i 68

1.1 1:1 !1.10 | 68

1.1
1

1.0 !1.06 j
i

59

949
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Discharge measurements of'West Sandia Greek to determine seepage from 4,000 feet
_—„_ above to ^agc^O.Q milo_^east_jof Balmorhea,_ Tex, , Oct, 17, 1932

• ~ " ~ " ~ "~ "iDistancej Discharge (second-feet)"
i above !Stream Location

gage

I(feot) jstream tary jsection

< | Gain or i Total
Main •Tribu- !loss in : gain or

loss
1 f

West Sandia Creek 1300 foot above West I4,000 j
; Sandia spring 1 j

do. ISO f^ot boloTJ West |3,620 j
; Sandia spring I j

Canal wasteway >500 foot below West I3,200 j
j Sandia spring j [

Wost Sandia Creek!Gago , 0 \

Month

1931-32
November 23-30

December

January
February
March

April
May

Juno

July

August
September

Tho -ooriod

1932-33

October

November

December

January

February

March

April

May

Juno

July
August

September 1-25

The period

0.2

.6

2,2

Discharge, in second-feet, of East

Sandia Spring at Balmorhea, Tex.
1951-32

1.1

1.1

1.1

1.1
1.0

1.1

1.1

1.10

1.06 j
1.10 I
1.22 |

1.27 |
1.20 j
1.20 i

Run-off in

Maximum Ilinimun : Mean jacre feet

17

65

68

70

78

71

74

i 1.2 j .9 i 1.05 .62
j - [ - i 1.07 66

; - | 1.0 | 1.04 64

- ! 1.35 30

1.3

1 ~/1-

1.0

1.1

1.2

l.:

l.o

.9

715

1.35 83

1.23 73

1.21 74

1.28 79

1.34 74

1.32 81

1.30 77

1.16 71

1.09 65

1.00 61

.92 57

1.10 50

845

Note. - Gage is 10 miles above United States Highway 290 crossing.



Discharge measurements of Cherry Canyon to determine losses
from seepage from a point 1.5 miles above to a point 2.5

miles belov; gage near Toyahvale, Tex., 1932
i Distance .Discharge (socond-foot)

Date Location •from init:'.all Gain or Total

| point :IIain loss in gain or

i (miles) istrearn section loss

Sept.15

1

Gage ! o h-3.5 _.. j.

15 500 feet above Kingston line fence ! 2:0 !o -13.5 -13.5

21 1.5 miles above gage ! -1.5 !112 - -

21 Gage ; 0 '5,0 / 3.8 / 3.8
Oct. 7 Gage 0 ~r\ j 0

- -

7 2.5 miles below gage i 2.5 ,0
1

-31.2 -31.2

Note. - Gage is 10 miles above United States Highway 290 crossing.



Discharge measurements of Limpia Creek to determine losses

seepage from a point 12.3 miles above to a p^'nt 40.2 mile
from

s below

Fort Davis, Tex., 19^2—^3

Stream or diversion Locati on

Distance

fr^m initial
Dis.ciiars-e (sec~>;id-feet)

Date , ;uain 61*
Tribu-1Diver-ilos s in

Total
point Main gain o

(miles) stream tary \ sion !section loss
1932 i j

Oct. 8|Limpia Creek 0.8 mile below Wild Rose Canyon 14.7 31.0 j i

8 Short Canyon 100 feet above mouth 15.8 - i7s 1 ~- ! ~- —,

8 Limpia Creek 500 feet below old Limpia post office 18.2 46.0 - i - 1/13.2 /13.2
8 do. 3 miles below old Limpia post office 21.2 41.8 - i - !- 4.2 / 9.0
8 Horse Thief Canyon Mouth 27.7

-
1.2 ; - _

8 Runey Canyon do. 27.9
-

1.5 j - ; _

8 Limpia Creek Jeff ranch house 28.2 65.1 i - j/20.5 /29.6
8 do. 9 miles below Jeff ranch 37.2 4.2 - ! - |-60.9 -31.3
8 do. 12 miles belov; Jeff Ranch 40.2 0 - i - •:- 4.2 -35.5

18 do. 12.3 miles above old Fort Davis lane -12.3 •1
! t

"~

18 do. 12 miles above old Fort Davis lane -12.0 0 - - !- .i - .1
18 do. 11.3 nries above old Fort Davis lane -11.3 .2 - ! - ;/ .2 / .1
18 do. 11 miles above old Fort Davis lane -11.0 0 - j - ,- .2 - .1
18 do. 10.3 miles a^ove old Fort Davis lane -10.3 .5 • " " !/ -5 / .4
18 do. 9.8 miles above old Fort Davis lane - 9.8 0 - ! - '- .5 - .1
18 do. 9.7 miles above old Fort Davis lane - 9.7 .1 - | - :/ .1 0

18 do. 7.9 miles above old Fort Davis lane - 7.9 .5 - ! - :/ .5 / -5
18 do.. 6 miles above old Fort Davis lane - 6.0 5.7

1 1 /
- 'I - :/ ">.i / 5.6

18 Side canyon 5.9 miles above old Fort Davis lane - 5.9
-

.5| - ! -
18 Limpia Creek 3.7 miles above old Fort Davis lane - 3.7 5.7 - i - !- 5 / 5.1
18 do. 1.3 miles above old Fort Davis lane - 1.3 5.3 - - i- .4 - 4.7

18 Grayson diversion Old Fort Davis lane 0 - - 0.5 !- -
18 Limpia Creek First Fort Davis-Toyahvale crossing 1.2 3.8 - - i- 1.0 / 3.7
19 do. do. 1.2 3.8 - - |/ 7.6 -

19 Side canyon 2.1 miles below old Fort Davis lane 2.1 - .4 ! - j/ 7.2 -

19 do. do. 2.1 - .2 - I " -

19 Limpia Creek 4.2 miles below old Fort Davis lane 4.2 8.0 - - 7 3-6 / 7.3
19 Side canyon 4.8 miles below old Fort Davis lane 4.8 - .5 - - -

19 Limpia Creek 7.2 miles belov/ old Fort Davis lane 7.2 8.8 - - / -3 / 7.6
19 do. 10.2 nrles below old Fort Davis lane 10.2 8.4 -

""

- .4 - 7.2

19iFrazier Canyon Mouth 10.3 - .4i - i
1 !

-

19jLimpia Creek Upper end of Wild Rose Canyon 11.7 9.4 - !/ -6 / 7.8
19i do. Lower end of Wild Rose Canyon 14.0 12.9

-

- l/ 3.5 /11.3
19 Short Canyon Mouth 15.8

~

.1 - - -



Discharge measurements nf Limpia Creek to determine losses from
seepage from a point 12.3 miles above to a point 40.2 miles below

Fort Davis, Tex., 1932-55—Cont inued

Discharge (secernd-feet)
Tf^Tili or

loss ini:
section'

Date Stream or diversion Location

Distance ;
|from initial !
j point | Main Tribu-: Diver-

1932 1

Oct. 19 :Li npia Creek
Nov. li clo.

1. do.

1' do.

li do.

1, do.

21 do.

21 i do.

21 j do.

21 . do.

21 i do.

21'; do.

21 : do.

1933 1

Aug. 3i do.

3, do.

3 : do.

Old Limpia post office
do,

3 miles below old Limpia post office
5.9 m^les below old Limpia post office
Jeff ran ch house

1 mile below Jeff ranch house

IUpper end of Wild Rose Canyon
;Lower end of Wild Rose Canyon
: Old Li.apia post office
|3 miles belov; old Limpia post office
|6 miles below old Limpia post office
IJeff ranch house
:0.5 mile below Jeff ranch house

*75 feet below mouth of Short Canyon
jOld Limpia post office
|0.5 mile below old Limpia post office

i (miles) ;stream, tary j

18.2 ; 14.0
18.2 ! 8.2
21.2 ! 5.4
24.1 4.6

28.2 1 6.2

29.2 I o
11.7 ! 4.0
14.0 ; 6.1
18.2 I 4.7
21.2 j 2.0
24.2 : l.i
28.2 I 2.4
28.7 1 o

1

i

15.8 I 12.6
18.2 | 4.0
18.7 ! 0

.loss

/ 1.0 i /12.3

2.8

.8

1.6

6.2

2.1

1.4

2.7

.9

1.3

O . 0

4.0

- 2.8

- 3.6

- 2.0

- 8.2

/ 2.1
J n

- 2.0

- 2.9

- 1.6

- 4.0

- o. o

-12.5



-77-

Miscellaneous discharge measurements near

Balmorhea, Tex., during the years ending
Sept- 50, 1952 and 1955

1951 ,

Oct. 26JMadera Canyon
1952 j

July 18 ; do.

Sept. 2 ^Toyah Creek

jToyah Creek j15.5 miles above Toyahvale, Tex.

; do. |
!Pecos River !
| I
I do.

! do.

do.

U.S.Highway 290 crossing near
Toyahvale, Tex«

do.

Old county steel bridge 3 miles
below Balmorhea, Tex-

do.

Flow of springs in creek 2.5
miles east of Hoban station

and 14 miles below Saragosa,

Tex.

18 miles above Toyahvale, Tex.

Odell ranch 15-;.V miles above
Toyahvale, Tex.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

1-|- miles above mouth, near Toyah
vale, Tex.

do.

l{: miles above mouth, near Toyah
vale, Tex.

i> mile above mouth, near Toyah
vale , Tex.

2| do.

?; do.

29! do.

1933 i

Aug. 8; do.

do.

do.

July 10ILittle Aguja Canyon iToyah Creek f
1931 ! i |

Oct. 26! do. ! do. j

1932 i

July 18| do.

29! do.

Aug. 16j do.

17! do.

29' do.

Doc. 16! do.

' 1933 1

Jan. 26i do.

Mar. 9j do.

Apr. 10j do.

July 10| do.

Sept.—j
i

1951 !
Oct. 26|

I

1952 I
Aug. 16!

17

Sept. 1
Dec. 16

1955 j
Jan. 26*
Mar. 9j
Apr. 10

Hay 18I
July 10|
Mar. 9;Big Aguja Canyon

9!

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

= do.

: do.

! do.

I do.
j do.
i do.

i

; do.
do.

• do.

! 3°* I
May 18!South Fork of LittlejLittle Agujaj

[ Aguja Canyon j Canyon j
July 10! do. j do. i
1952 j i !

do.

do.

do. do.

do. do.

do. do.

do. do.

do. do.

do. do.

do. do.

do. do.

dc. do.

oyah Ore ek 200 feet

do.

a Estimated, c Determined by slope-area

0

0

463

551

c26,100

11,400

al.5

a.05

0

0

0

1.32

c2,640
a.06

a. 05

0

0

0

.47

.24

.1,410

a.2

a. 30

a. 32

6.45

a. 33

a. 16

a. 13

a. 20

a. 15
0

200 feet bolow spring, 3 miles abovej1.02
Texas & Pacific Ry. Co. dam, 15.6_J
miles above Toyahvale, Tex. I

500 feet above Texas & Pacific Ry«| 1.69
Co. reservoir, 13.6 miles above
Toyahvale, Tex.

Liet hod.
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Date I

1933

Apr. 10

May 18

July 10

1932

Aug. 1

17

30

30)
Sept. 1 I

2 ;

1931 !

Oct. 16

17

19

21

21

22

22

22

22

22

19

20

21

24

24

24

-73a-

I'iscellaneous discharge measurements near Balmorhea, Texas during
the years ending Sept. 30, 1932 and 1933—

Continued

Stream

Seven Springs

Tributary to or
diverting from

Big Aguja Canyon

do do

do do

iiadera diversion Toyah Creek
canal

do do

do do

do do

do do

do do

Phantom Lake do

Spring
do do

do do

do do

do do

do do

do do

do do

do do

do do

Giffin Springs do

do do

do do

do do

do do

do do

Locality

State highway 17
about 7.j--8;> miles
south of Toyahvale,
Texas

do

do

Discharge

Sec.-ft

a.36

a.09

a. 14

Bridge on State high- a. 34

-way 17,1/4 mile south

of Toyahva le,Tex.

do 8.19

do 1,930

do 1,650

do 3.22

do 81.2

Source, near Toyah- el2.6

vale, Texas

do fl0.3

do fll.3

do flC.9

do flO.O

do fll.C

do fl0.9

do fll.l

do flO. 9

do fll.3

Source, To yahvale, g 4.26
Texas

do h 3.82

do h 3.64

do h 4.07

do h 4.03

do h 4.15

a Estimated.

d Hoes not include J. C Duncan diversion 25 feet below section.

e Lake level normal.

f Lake level 1 foot above normal.

g Flow in low ditch.
h Flow in high ditch.
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Miscellaneous discharge measurements near
BaLiiorhoa, Tex., during tho years ending

Sept. 50, 1952 and 1955—Continued

Date Stream

[Tributary to or
Idivcji'tins from '• Locality jDischarge

gsj Toyah Croek
do.

do.

do.

do.

1931 j
Nov. 10iSan Solomon Spring

20| do.

21 j do.

21! do.

Dec. 29! do.

1952 j
Jan. 28j do.

1955 :

July 15; do.

24; do.

26! do.

1952 !
Nov. 6|Saragosa Springs

1955 j
Jan. 23! do.

Mar. 14! do.
May 16, do.
July 11| do.

29!Stock streams

29!Sandia Croek

Sept. 8iReservoir north
I spillway

17j do.
Oct. 1; do.
Aug. 2; Texas & Pacific

I farm well no. 2
2j Texas & Pacific

! farm well no. 1
8: Texas & Pacific

! farm well no. 4
July 18; Cherry Canyon

Aug. 27; do.

27! do.

Sept.15; do.

21- do.

27 do.

29; do.

Oct: 7; do.

Dec, 15• do.

1955 ;
Jan. 25^ do.

Mar. 12i do.

Apr. 10' do.

May 18i do.

July 7 * do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

jSandia Creel:

!
| do.
| do.
jToyah Creek

I do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do,

do.

ISouree, Toyahvale, Tox
I do.
! do.
j do.
I do.

jsec. ft.

| h,50.9
g57.7
gS7,6
g58.0
g55.4

h51.2

hm28.6

h57.6

h56.9

9.15

I

do.

do.

do.

do.

tvs- mile west of Balmorhea, Tc

! do. !

| do. j
do. j

I do. ;
^Released for stock water from j
j Reeves County Water Improve-
! ment district No. 1 canal

I system near Balmorhea, Tox.
jf mile east of State Experiment
j Farm, near Balmorhea, Tex.

!

J2 miles southeast of BaMorhea,
I Tex.

| do.
! do.

jlloban station, 16 miles south
j of Pecos, Tex.
i do.
i

! do.

8.22

6.69

6.36

5.59

.89

a. 45

225

.72

1,450
2.26

1.86

1.95

0miles above Jeff Davis-Reeves•

County line, near Toyahvale,Tex.,
do. r--: 3.10
do. j 1.37

do. : 13.5

do. I 4.98
do. : 5.66

do. jc5,320
do. s 31.2

do. ! a.10

do.

do;

do.

do.

do.

a. 13

a.03

0

0

0
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Miscellaneous discharge measurements near
BaLnorhea, Tex., during the years ending

Sept. 50, 1952 and 1953—Continued

Tributary to orj
Date { Stream diverting from Locality Discharge

1953 j !
July 29;J. L. Moore stock jCherry Canyon

! stream i
I
i

1932 j

Aug. SjYoungblood south •Toyah Creek
I well i
I I
i t

5|Youngblood north do.
well

J. H. Sudbrock well do.

John Wendt well ; do.

11jBalmorhea Live- . do.
j stock Co. well I

W. A. Gardner well do.

j| mile above Balmorhoa-Toyah
I road crossing, 6 miles

northeast of Balmorhea, Tex.

[75 feet oast of Pecos Valley j
! Southern Ry. 13^- miles south !
j of Pecos, Tex. j
r|- mile east of Pecos Valley !

Southern Ry. 13 miles south ;

of Pecos, Tox. |
jg- mile west of Peccs Valley j
i Southern Ry. 13^- miles south j
| of Pecos, Tex. . j
1150 feet east of Pecos Valley j
i Southern Ry. II-"1;- miles south
] of Pecos, Tex.
jl mile east of Peccs Valley
I Southern Ry., 8 miles south
! of Pecos, Tex.
5c mile west of Pecos Valley
f" Southern Ry. ? 4fj- miles south

of Pecos, Tex.

1933

Aug. 2 Limpia Creek |Barrilla Creek {Lower end of wild Rose Canyon j
i 14 miles belov/ Fort Davis,Tex;

a Estimated.

c Determined.

g Flo?/ in low ditch.
h Flow, in high ditch.
ia "Not total flow of sp::*in^.

a. 16

o. J •/

3.04

2.07

2.77

.65

OR

a.3



Date Stream

Miscellaneous discharge measuroments near
BaLuorhea, Tex., during tho years ending
__Sopfry 50, 1932 and 1955--Continued

;Tributary to" or
jdiverting from j Locality iDischarge

i cyzo »
♦

Sept.261Limpia Croek
i

[Barrilla Creek jOld Limpia post office, 12
ISec. ft.

! 121

Aug. 13 Southern Crude Oilj

Co. flowing wellj
Oct. 28IHumble Thompson 'Leon Creek

| flowing well j
Aug. 24jLeon Springs and

flowing wells

do.

do.

S miles south of Toyahvale,Tex.j
About 25 miles southeast of j
! Pecos, Tox. !
;9 miles west of Fort Stockton, j
I Tex. j
jJust above Leon Springs rcser*- j
! voir, 7 miles west of Fort j
| Stockton, Tox. j

1933 i

Mg. 18j

1952 j

Aug. 3!Comanche Sprin^

do. do. do.
I

Comanche Creek jMain canal -;;- mile below
j diversion dam, at Fort

i ; Stockton, Tex.
: do. j do,

do. do.

; do. do.

1 do. do.

do. do.

i do. j do.
I do. do.

il.96

i.35

16.0

18.0

40.9

k45.0

44.3

46.7

47.7

48.6

50.0

49.1

k48.2

47.8

47.0

48.0

1/47.0
46.8

45.9

44.3

1/46.0
1/45.1
1/43.4

24 i do.

Sept.14| do.

Oct. 10' do.

26 j do.

Nov. 10; do.

22j do.

Dec. 141
!

do.

1933 |
Iter. 17 J do.

Aor. 11s do.

May 16! do.

July 3j do.

191 do.

27' do.

Aug. 4! do.

io i do.

14! do.

18| dO.

Sept.29; do.

1932 i

Oct. 281Adobe Springs

do. | do.
do. j do.
do. | do.
do. | do.
do. j do.'
do. I do.
do. j do.
do. ! do.

dOe | do.
do. ! do.

do. j do.
!
!'

do. Ill miles oant of Fort Stockton,

| Tox.
do. 112 miles northeast of Fort

! Stockton, Tex.
i
i

do. 1 do.
j

do, 12{. miles northeast of Fort
Stockton, Tex.

Pecos River 2 miles bolew Tunis Spring,
23 miles east of Fort

Stockton, Tex.

Six Shooter 21 miles east of Fort Stockton,

Draw Tox.

do. ! do.

! ±1

28jmiracle and two

other flowing

wells

Tourney no. 1 flow

ing well
Trans-Pecos no. 1

28

28

25

flowing well
Six Shooter Draw

26'Tunis Spring

Nov. 10- do.

1.39

5.25

.97

2.34

1.73

1.93
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Miscellaneous discharge measurements near

Balmorhea, Tex., during the years ending
Sept, 50, 1952 and 1955-Continued

Date ! Stream
1

Tributary to or

diverting from Locality | Discharge
;Sec. ft.

1955 |
i

Jan. 15!Tunis Spring Six Shooter Draw |21 miles oast of Fort

{ Stockton, Tox.
do.

do.

Mar. 17 do. do. !
May 13 do. do. j

1952 i
Oct. 11 Rio La Luz Tularosa Valley j

Basin j
j

Nov. 6 do.

i

do. j
Dec. 14 do. do. i

1953
j
i

Jan, 13 do. do. 1
Feb. 5 do. do. |
Mar. 7 do. do. I
Apr. 15 do. do. j
May 24 do. do. !

i

Juno 10 do. do. |
July 17 do. do. I
Aug. 11 do. do. j

12 do. do.

31 do. do. |

Sept.20 do. do.

,ec. 28, T. 15 S., R. 10 S.,
at head of Alamogordo

community ditch, 1 mile

oast of La Luz, N. Mex.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

doi

do.

i Well opened to full capacity 20 minutes before starting measurement.
j Well partly shut off.
k Spring openings and channels being cleaned.
1 Spring water backed up over spring openings by growth in croek channel.

1.71

1.94

1.73

10.7

10.9

13.9

13.2

12.4

11.9

6.60

6.64

2.62

36.1

8.21

6.54

3.54

14.1



9 SAN MARTINE
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EXPLANATION
SCALE
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Q, SPRING 5 0 5

HI PRINCIPAL KNOWN AREAS OF GROUND WATER INTAKE
MAP OF PART OF TOYAH BASIN, TEXAS

FIGURE 1. SHOWING SPRINGS AND AREAS OF GROUND WATER INTAKE
NEAR BALMORHEA.

By W. N. White

10 MILES
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MAP OF THE VICINITY OF BALMORHEA, TEXAS

SHOWING WELLS AND SPRINGS AND APPROXIMATE

SHAPE AND SLOPE OF WATER TABLE

By S. S. Nye

- EXPLANATION-

| o 1 RECORD WELL

| <v] SPRING

r^Tl LINES OF EQUAL ALTITUDE
1 * OF WATER LEVELS IN WELLS

IN 1930-31.

(ASSUMED DATUM)
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FIGURE 2

«••* ,t-.i

03




