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332F1 Hydrology F.4. Identification of Recharge-Discharge Areas (5.7.1)

This report presents the preliminary results of research to identify
-the recharge and discharge areas of the major aquifers in the Palo Duro
Basin. Recharge has been investigated by studying the isotopic com-
positions of surface and shallow ground waters in New Mexiéo and Texas.
Discharge studies have focused on identifying the source of the brine
discharged in springs and seeps along the outcrop of Permian rocks east

of the Caprock Escarpment.

Recharge

Hydrogen and oxygen isotopes in shallow ground water commonly reflect
the isotopic composition of precipitation. They can be used to describe
the range of isotopic composition of potential recharge water to the deep
basin aquifer. Water samples for isotobic analysis were collected from
shallow municipal water wells along a 300-mile long traverse from the
Manzano Mountains in New Mexico, across the High Plains and Rolling Plains
to the Texas-Oklahoma state Tine. The generalized east-west section of the
Palo Duro Basin along'the traverse is shown in figure 1.

Location and isotopic composition of the water samples (Fig. 1) are
given in Table 1. The &D values fall well within tﬁe expected range of
meteoric water in this area (fig. 2), as reported by Lawrence and Taylor (1972).
The 8D and §'80 values show a general increase from west to east (Fig. 1),
reflecting the increase in elevation to the west and the dominance of
precipitation from the Gulf of Mexico in the east, and the Raliegh frac-

tionation of precipitation as it moves farther from the Gulf of Mexico.



The isotopically lightest ground water is found at the highest
elevations, near the Manzano Mountains in New Mexico. An example is the
ground-water sample from the Mountainair city well (elevation 6545 ft)
with 6p and §'%0 values of -82% and -11.46% , respectively. Similar
values are reported from the Roswell Basin further to the south, indi-
cating that recharge occurs in the mountain massifs to the west (Hoy and

Gross,1982). Near the Pecos River, shallow ground water from alluvium
near Santa Rosa City (elevation 4600 ft) shows sD and §!80 values of
-55% and -7.30% , respectively, reflecting the isotopic composition of
meteoric water at that altitude (Hoy and Gross,1982). In contrast, a deep
ground-water sample from the Santa Rosa City Well #3 shows significantly
lighter isotopes, indicating that recharge to the confined San Andres
Formation occurs farther to the west, at higher elevations.

Along the High Plains, the sD and §!80 values of ground waters

generally increase from west to east, ref]ecting the overall decline in

elevation. However, a water sample collected from the Dockum Group (at

-816 feet) in a well in Tulia, Swisher County,shows unusually low 8D and

680 values of -68% and -9.22%, respectively, for this particular area. A
similar isotopic composition was found in a water sample collected previously

from the same well and depth, while a water sample from the Ogallala Formation

yielded a 6'80 value of -7.8% (Bassett, unpublished data). The difference
in isotopic composition suggests that deeper ground water in the Dockum
Formation originates farther to the west at higher elevations, and that
ground waters of the Dockum and Ogallala formations do not undergo
significant mixing.

Shallow ground water east of the Caprock Escarpment generally has

the highest & values for the oxygen and hydrogen isotopes. Kreitler and



Bassett (1983) reported similar §'80 values for shallow ground water in
the area but obtained lower 6D values due to problems in sampling and
methods .

A plot of §'80 vs. 6D (Fig. 3) shows that the data from shallow
ground water fall close to the meteoric water line. Minor isotopic
enrichment of the ground water is probably due to evaporation and other

isotopic modifications occurrring during recharge.

Discharge

The brine emission areas of the Rolling Plains region (Fig. 4) were
discussed in S.C.R. Section 5.7.1.3, submitted to DOE in October, 1982.

A tentative conclusion reached in that report was that the saline springs
immediately east of the Caprock Escarpment resulted from shallow meteoric
ground waters dissolving bedded salt, not from deep-basin brine discharge.
The results of subsequent ground-water flow modeling (BEG, 1983a) suggest
that deep-basin brines could be discharging in the Rolling Plains. In
order to resolve the question of the source of the saline surface water

of the Rolling Plains, additional salt springs have been sampled by TBEG
and testhole samples and chemical analyses obtained from the U.S. Geological
Survey and the U.S. Army Corps of Engineers. The chemical and isotopic
analyses of all of these waters are shown in Tables 2, 3, and 4.

The weight ratios of bromide to chloride (Br/C1) and sodium to
chloride (Na/C1) have been used to differentiate between brines of
different origins (Whittemore et al., 1981). Brines formed by meteoric
water dissolving bedded halite have Br/C1 weight ratios less than
4 x 10_4 and Na/C1 weight ratios near 0.64 (¥ 0.04). Deep-basin brines

(originally of meteoric origin) commonly have Br/Cl weight ratios greater



,than 25 X 10-4 and Na/C1 weight ratios'of 1ess‘than 0.59. According to

“the Br/C] and Na/C] ratios, three groups of water can be d1st1ngu1shed

from the brine emission areas. (1) group A has Br/C] ratios less than 4% 10

»VQand Na/CTvratios _greater than‘O .61, and is 1nterpreted as_representing

a meteoric water ‘that has d1sso1ved bedded sa]t (2) group B has ratios

that fall between those of groups A and C (though general]y closer to A), ©

and is thought to represent m1x1ng between those groups, and (3) ‘group. C
-4

and Na/Cl rat1os 1ess than 0259

has Br/C] ratios greater than 25 x ]0

and is 1nterpreted as represent1ng deep -basin brine (Fig. 5). Plots of

other chemical constituents (Ca, Mg, K, I) versus;chloride support the
division into three groups.. Ratios‘of the chemical constituents (e.g.,v‘
Br/CT) ofyoi] fieldAbrines‘from the Pa]o Duro and Midland Basins closely
resemble the ratios from Group C water, suppprting the deep-basin origin
interpretation. The exact source of the brine (Palo Duro or Midland
‘Basin) has not been determined.

The oxygen and hydrogen isotopic composition of salt springs, test-
holes from the North Croton Creek area, and deep-basin brines is shown
in Figure 6. The isotopic values from Group A waters plot within the
typical range of meteoric water, supporting the interpretation that
disso]ution'of ha]ite by meteoric water accounted for the salinity.
Though isotopic values were not available for most Group C waters,
those values obtained plot on a line which includes deep;basin brine
values and meteoric-water values as its endpoints, suggesting a di]utiqn
of deep?basin_brine'by meteoric water. The Br/Cl1 and Na/Cl1 ratios of
these waters indicateﬂthatbmfxing occurred with fresh water, rather than

with halite-dissolution brine.

P !



A plot of %0 versus depth for Group C waters (Fig. 7) shows a
significant enrichment in '°0 with depth. This, and a sharp increase in
chloride with depth (Fig. 8), serves as additional evidence for a deep-
basin origin for Group C brine. Discharge of a local meteoric ground
water that obtained its salinity by dissolving halite further to the west
would be expected to have 80 values close to or lighter than values for
meteoric water in the area.

The geographic distribution of samples belonging to groups A, B, and
C is shown in Figure 4. Group A waters dominate in the northern and
western parts of the study area and are found in most of the salt springs.
Group C waters are restricted to testhole samples (25-117 feet deep)
from the North Croton and Croton/Dove/Haystack Creek areas in the south
and one sample from the Elm Fork site in Harmon County, Oklahoma. Group
B waters are found between Group A and Group C-dominated areas, supporting
the mixing interpretation drawn from the intermediate position found in
the water chemistry.

A plot of chloride versus depth for individual testholes in the North
Croton Creek area shows a sharp increase in chloride concentrations within
25 to 70 feet below land surface (Fig. 8). This could reflect that the
deep-basin brine is present at a relatively shallow depth and is separated
from an overlying fresh-water body by a thin mixing zone. A plot of Br/Cl
ratios versus depth for four brine-emission areas (Fig. 9) shows that
deep-basin brine is nearest to the land surface in the southern part of
the study area. Deep-basin brine has not been identified in testholes
down to 300 feet below land surface at the Jonah/Salt Creek and Middle
Pease River sites. To the south, deep-basin brine has been encountered
within 300 feet, and approaches land surface in the North Croton Creek

area.



Potent1ometr1c surface ‘maps of the wolfcamp aqu1fer from McNeal
(1964) and Sm1th (BEG, 1983b) have been combined in order to produce a-f
map that covers the entire br1ne-em1ss1on study area (Fig. 10) ‘McNeal's
data have been changed drastically at the northern boundary of his map
N .i" order to obtain a fit with Smith's data; The correctioh is supported
by Bent]ey's potentiometric surface map of the Wolfcamp aquifer (Bentley, °
1981) and the assumpt1on that McNea] s abnormally Tow head va]ues in
northern Stonewall and Kent Counties may have resulted from pressure data
affected by 0i1 production along the Matador arch. <The potentiometric

‘risurface mapped 1n F1gure 10 shou]d be treated as a working hypothes1s

J“j thnt11 a map w1th better contro] is ava11ab1e

Compar1son of the compos1te WOlfcamp potent1ometr1c -surface map
(based on fresh-water heads) with land-surface elevation and the potentio-
metric surface map for the unconfined aquifer (Figs. 10 and 11) supports
the conclusions based on the plot of Br/Cl ratios versus depth: fresh-
water heads for the brine aquifer are below both the land surface and
the water table in the north, and above, or near, them in the south.
This same geographic relationship has been found between the fresh-water
heads of the San Andres brine aquifer and the surface elevation and water
table. A computer-generated head-difference map for the Wolfcamp and
unconfined aquifers (BEG, 1983c) ‘indicates the same trend, with head
differences approaching zero in southeastern Cottle County (Fig. 12).
Conversion of fresh—water-heads t0’sa1t-mater heads by a density correction
wou]d probably Tlower the brine potentiometric surfaces be]bw Tand surface}
over the entire area, but might still allow upward flow 1nto the unconfined
aqu1fer on a 1oca1 basis where joints and fractures serve as flow paths

for the deep-basin brine.



Mason-Johnston and Associates (1955) reported that artesian heads
on brines in fractures and solution openings 50 to 100 feet below Dove
Creek Salt Flat (Fig. 4) were up to 7 feet above the salt flat surface.
Thus, if mixing of a deep-basin brine with a halite-dissolution brine
occurs below the salt flat (as suggested by the water chemistry), the
potential for discharge of deep-basin brine does exist.

The deep-basin brines have been identified in areas where the
hydraulic heads of the brine aquifers are close to either surface
elevation or the water table, or where joints and fractures serve as
flow paths for the brine. Most of the salt-springs found on the Rolling
Plains do not coincide with any of these likely deep-basin brine emis-
sion areas, and their waters do not exhibit deep-basin brine characteristics.
However, the chemistry of some of the salt springs (Group B) indicates that
they may be mixtures of halite-dissolution brine with small amounts of
deep-basin brine. Halite-dissolution brine may mask deep-basin brine
characteristics in some of the samples, especially those in which
additional mixing with fresh water dilutes the brine to relatively low
salinity values. Though deep-basin brines have been identified within
the study area, determining the source of the brine (whether from the Palo

Duro or Midland Basin) will require continued study.



References

Bassett, R; L.,‘Bent1ey, M. E., and Simpkins, W. W., 1981, Regional
‘ground-water flow in- the Panhand]e of Texas, a conceptual model,
in Gustavson, T. C., and others, Geology and geohydrology of the
Palo Duro Basin, Texas Panhandle: The University of Texas at
Austin, Bureau of Economic Geology Geological Circular 81-3,
p. 102-107.

Bentley, M. E., 1981, Regional hydraulics of brine aquifers, Pa]o Duro ‘
and Dalhart Basins, Texas, jﬁ_Gustavson; T. C., and others, Geology
and geohydrology of the‘Pa1o Duro Basin, Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Geological
Circular 81-3, p. 93-101. |

Bureau of Economic’Geo1ogy,»1983a, Characterization Status Report,
Section 5.6.2 Relationships Among Hydrogeo]ogic Units: Submitted
to DOE 2-28-83 under éontract number DE-AC97-83KM46651, p. 1-8.

~Bureau of Economic Geology, 1983b, Characterization Status Report,
Section 5.6.3 Potentiometric Levels: Submitted to DOE 2-28-83
under contract number DE-AC97-83WM46651, p. 9.

Bureau of Economic Geology, 1983c, Characterization Status Report,
Section 5.7.2 Principal Ground-Water Flowpaths: 1in preparation
for DOE contract number DE-AC97-83WM46651.

Hoy, R. N.,'and Gross, G. W., 1982, Stable isotopes in the Roswe11

Groundwater Basin: New Mexico Water Research Institute, Report 146.






Kreitler, C. W., and Bassett, R. L., 1983, Chemical and isotopic compo-
sition of saline ground water and saline springs in the Rolling
Plains east of the Ogallala Escarpment, in Gustavson, T. C., and
others, Geology and geohydrology of the Palo Duro Basin, Texas
Panhandle: The University of Texas at Austin, Bureau of Economic
Geology Geological Circular.

Lawrence, J. R., and Taylor, H. P., Jr., 1972, Hydrogen and oxygen
systematics in weathering profiles: Geochimica et Cosmochimica
Acta, v. 36, p. 1377-1393.

Mason-Johnston and Associates, 1955, Dove Creek Salt Study, Stonewall
County, Tx: Report for Brazos River Authority, Tx, and Ambursen
Engineering Corporation, Houston, Tx.

McNeal, R; P., 1964, Hydrodynamics of the Permian Basin: American
Association of Petroleum Geologists Memoir 4, p. 308-326.

Whittemore, D. 0., Basel, C. L., Galle, 0. K., and Waugh, T. C., 1981,
Geochemical identification of saltwater sources in the Smokey Hill
River Valley, McPherson, Saline and Dickinson Counties, Kansas:
Kansas Geological Survey, Final Report to the U.S. Army Corps of

Engineers, 78 p.



List of Tables

Table 1. 6180 and D for selected water samples from New Mexico ahd the
Texas Panhandle. Formations are identified in Table 5.

Table 2. Chemical and'isotopic analyses of group A brines (interpreted
as meteoric water that has dissolved bedded halite).

Table 3. Chemical and isotopic analyses of group B brines (interpreted
as representing mixing between shallow meteoric water and deep-basin
brine).

Table 4. Chemical and isotopic ana]yées of group C brines (interpreted
as deep-basin brine).

Table 5. Stratigraphic column of Permian and younger sediments of Eastern

New Mexico, and the Palo Duro, Dalhart, and Anadarko Basins.



Table 1

§'80, 8D for selected water wells in
New Mexico and Texas Panhandle

Sample location '
of municipal wells Formation Depth (ft) s180 (%) sD (%)

1. Mountainair Yeso 215 -11.46 -82
2. Santa Rosa #3 San Andres 620 -10.89 -82
3. Santa Rosa AlTuvium 62 -7.30 -55
4. Fort Sumner Artesia Gp. 201 -7.52 -57
5. Tucumcari #12 Dockum 330 -6.96 -50
6. Tucumcari #10 Dockum 310 -4.89 -47
7. Clovis #29 Ogallala 360 -7.04 -52
8. Friona #9 : Ogallala 310 -8.01 -56
9. Dimmit #1 Ogallala - 375 -6.95 -52
10. Tulia #14 - Dockum ' 816 -9.22 -68
11.  Kress Ogallala 300 -5.49 -44
12. Silverton Ogallala 200 -5.63 -41
13. Turkey Permian/ATTuvium 174 -6.42 -44
14. Estelline Permian/AlTuvium 62 -5.36 -42
15. India Creek Permian7ATTuvium 20 -6.33 ‘ -46
16. Poducah Permian/A1Tuvium 260 -6.16 -41
*17. Tulia #14 Dockum 816 -10.0
*18. Tulia #7 » Ogallala 2007 -7.8
*19. Silverton Ogallala 181 -5.3
*20. Plainview #14 Ogallala (Base) 325 -8.6
*21. Floydada Ogallala (Base) 312 -7.6
**22. Quitaque Permian/ATluvium 192 -6.5
**23. Quitaque Permian/A1Tuvium ? . -6.8/-6.9
**24. Turkey Permian/ATTuvium 110 -5.3/-6.2
**25. Flomot Permian/AlTuvium ? -6.1/-6.7
- **26. Matador Permian/AlTuvium 293 - -6.0

*Bassett (unpublished information)
**xKreitler and Bassett (1983)
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List -of Figures

Figure 1. Sampling locations of municipal wells in New Mexico and the
Texas Panhandle. The upper number represents the §'80 value and fhe
Tower number denotes the §D value.

Figure 2. Map of the United States, showing. approximate contours oflﬁD

... and gt80 (in brackets) of present day meteoric water (after LaWrehce

- and Taylor, 1972). |

Figure 3. Plot of ¢80 and 6D values for shallow grouhd water from‘

| municipal wells in New Mexico and the Texas Panhandle.

Figure 4. Locatioﬁ of salt-emission areas and the geographic distribution
of samples be]onging‘to groups A,B, and C. Group designation was
decided on thekbasis of chemical ana]ysis, primarily the Na/C1 and
Br/C1 weight ratios. Group A represenfs a meteoric water that has
dissolved bédded halite, group B represents mixing between groups A
and C, and group C represents deep-basin brine.

Figure 5. Plot of Br/Cl weight ratio and C1 for Rolling Plains samples.
Group designation is based on Br/Cl and Na/Cl weight ratios (see Tables
2, 3, and 4 for Na/Cl weight ratios).

ngure 6. Plot of 410 andaD vaiues.for salt springs, test holes from the
North Croton Creek area, and deeb=basin brines from‘the Palo Duro Basin.

Figure 7. Plot of §l8 versus depth for group C waters*(intefpreted as deep-basin
brine).

Figure 8. Plot of chloride content-(mg/§Q versus.depth for individual
testholes in thé North Croton Creek. |

Figure 9. Plot of Br/Cl1 weight ratios versus depth for four brine emission
areas:‘ North Croton Creek, DoVe/Haystack/Croton Creek, Middle Pease

River, and Jonah/Salt Creek (locations shown on Figure 4).



Figure 10adb. Potentiometric surface map of the Wolfcamp aquifer in the
brine-emission study area compared to 10a: the water table and 10b:
surface elevation. The Wolfcamp potentiometrjc surface map is a
comilation of McNeal's (1964) and Smith's (BEG, 1983b) potentiometric
surface maps.

Figure 11. Head map of the unconfined aquifers that overlie the evaporite
sequences in the Palo Duro Basin (Bassett et al., 1981).

ngure 12. Computer-generated head-difference map for the WO1fcamp and

unconfined aquifers (BEG, 1983c).
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See separate file for figures 4 and 5
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See separate file for figures 10a and 10
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Figure 12
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