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History

ANative Americans likely constructed irrigation ditches to distribute
water

AThe springs were referred to as Mescalero springs in 1849
Ax caqldl Wl Ini 3l | 3T WagYWet WhECUWEYQYAD
ACCC were present starting in 1934

Aln 1949, some of the springs were dredged and canals were
constructed by the U.S.Bureauof Reclamation

AFrom Texas Parks and Wildlife Department, Balmorhea history



Geology

A1.3 Ga Precambrian rocks are
the result of the Grenville
orogeny and are located in
the Wylie, Carrizo, Beach and
Baylor mountains.

ALithologies include meta:
rhyolite, mica schist,
amphibolite and pegmatite




Geology

ANext are the Paleozoic (mostly
Permian) age rocks associated
with the Delaware basin

A Capitan reef and back reef/platform
sediments which mostly surrounded
the basin

ADelaware Mountain groupr deep
basin sediments

ACastile and Rustler evaporites are
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Capitan Limestone

Word Formation

Cathedral Mountain Formation
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FIGURE 4, Cross section showing shelf-to-basin
correlations of the Capitan Formation and equiva-
lents. Blue areas are dominantly carbonates and
evaporites, and yellow areas are mostly sand-
stone. Modified from Garber and others (1989).

Capitan Limestone

Word Formation

Cathedral Mountain Formation

FIGURE 7, Diagrammatic sketch of the north wall of McKittrick Canyon showing the stratigraphy, depositional environments, present-day
erosional profile, and general location of the Permian Reef Geology Trail.

Guide to the Permian Reef Geology Trail, -
McKittrick Canyon, Guadalupe Mountains National Park, W’Ta&as
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Geology

AL ater this sequence was overlair
by Cretaceous carbonate rocks
which form the EdwardsTrinity
aquifer (Plateau, High Plains)

AVolcanism in the Davis
Mountains occurred ~ 30 to 40
Ma

ASalt basin began to develop ~25
Ma

APecos Valley aquifer
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Figu_r;_ 8. ]*ﬁ_.'E-E‘-.i\: Cross sc::l_ic:_n of Rounsaville Syncline modified from figure 41 of Parker et al. (1986). Ku—
Undifferentiated Cretaceous Units; Thu—Huelster Formation; Tsm—Star Mountain Rhyolite; Tg—Gomez Tuff: Tfe—
Frazier Canyon Formation; Tfd—Fort Davis Tuff, Tlh—Littlle Hell Formation: Tss—Seven Springs Rhyolite.

The Geological Society of America

Field Guide 74
John C. White

Eastern Kentucky University, Department of Physies, Geosclences, and Astronomy,
521 Lancaster Avenue, Richmond, Kentucky 40475, USA

Shannon F. Rudine
University of Texas at Austin, McDonald Observatory, 3640 Dark Sky Drive, Fort Davis, Texas 79734, USA

Volcanic stratigraphy of the Paradise Mountain Caldera Complex, Don: e

Baylor University, Department of Geosciences, One Bear Place #97354, Waco, Texas 76798, USA

Davis Mountains Volcanic Field, Texas, USA —

Sul Ross State University, Department of Natural Sciences, East Highway 90, Alpine, Texas 79832, USA



Journal of Volcanology and Geothermal Research 471 (2026) 108527

Contents lists available at Sciencelirect

Journal of Volcanology and Geothermal Research

journal homepage: www . journals.elsevier.comf{joumal-of-volcanology-and-geothermal-research

pantelleritic ignimbrite, Davis Mountains, Trans-Pecos Texas

Don F. Parker ™, John C. White ", Kevin Urbanczyk*

* Dept. of Geosciences, Baylor Undversity, Waco, TX 76798, United States of America
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Table 1. Summary of springs in the Balmorhea area

Name TWDB ID elevation water source
Saragosa Spring 52-02-314 3,218 Quaternary alluvium
West Sandia Spring 52-03-118 3,178 Quaternary alluvium
Phantom Lake Spring 52-02-405 3,476 Cretaceous rocks
San Solomon Spring 52-02-611 3,325 Cretaceous rocks
Giffin Spring 52-02-610 3,325 Cretaecous rocks
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Figure 2. Graph of historic spring flow data from Nicot et al. (2021).

A Flow estimates
A 50 cfs/37,000 Aflyr in 1941(White et
al. 1941)
A 20-30cfs/15,000 to 22,000Aflyr
recent (Nicot et al. 2022)

A Total Dissolved Solids ~ 2,000 2,400
mg/L (Nicot et al. 2022)
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Chowdhury, A.H., Ridgeway, C., Mace, R.E., 2004. Origin of the waters in the San Solomon

spring system. Trans-Pecos Texas, Texas Water Dev. Board 360, 315-344.



Geology

AWhite et al. (1941)

Ah | qlJt ReUk Wt GI RU

A51 cfs estimate from
Cretaceous limestones in
Rounsaville syncline area

ARecharge estimated to be
from as far away as San
Martine with flow from the
northwest
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White, W.N., Gale, H.5., Nye, 5.5., 1941, Geology and ground-water resources of the
Balmorhea area, western Texas, U.S. Geological Survey water supply paper 849-C.
In: Contributions to the Hydrology of the United States, pp. 83-146. https://doi.org/

10.3133/wsp843C.



Geology

ANielsen and Sharp
(1985)

AApache mountains
could serve as conduit
of flow originating in the
southern end of the Salt
Basin / Wild Horse

ATheir model suggest a
total flow of 1950 to
2850 acreft/yr (2.7 to

3 . 9 CfS) Neilson, P.D., Sharp Jr., J.M., 1985. Tectonic controls on the hydrogeology of the salt basin,
Trans-Pecos, Texas. In: Dickerson, PW., Muehlberger, W.R. (Eds.), Structure and
Tectonics of Trans-Pecos Texas. West Texas Geological Society Special Publication,

pp. 231-234.




Geology

ALaFave and Sharp (1987 geochemistry is similar toCapitan Reef
limestone aquifers Capitan Reef Complex aquifer)r TDS 2,000 to
2,400 mg/L

LaFave, l.I., Sharp, J.M., 1987. Origins of groundwater discharging at the springs of
Balmorhea. West Texas Geological Society 26, 5-14.

ASharp (1989)r the Permian reef and back reef / shelf margin rocks in
the Apache mountains act as a drain for the southern end of the
Salt Basin

Sharp Jr., J.M., 1989. Regional ground-water systems in northern Trans-Pecos Texas. In:
Muehlberger, W.R., Dickerson, PW. (Eds.}, Structure and Stratigraphy of Trans-
Pecos Texas, 26th International Geological Congress Field Trip Guidebook T317, pp.
123-130.



Geology

AUliana and Sharp used cation \%““im" .
anion geochemistry andflowpath .| e o \x. 3 wi&(;a
- . o’ Spring Location SPRINGS
modeling and concluded: | R <.,W, f coumnche -
AMain baseflow component is high :i'mm"‘ PN B S
TDS, NaCl-SO4 from regional flow Y “:,,g;;%@ 3 O
system that originates in the Salt e \x\\\b & 3
Basin and flows through the = " =
Apache Mountains and periodically One of the first maps to show the west to east
mixes with flowpath

A Lower TDS mixes catioranion
stormflow component from the
Davis Mountains

Uliana, M.M., Sharp Jr., .M., 2001. Tracing regional flow paths to major springs in Trans-
Pecos Texas using geochemical data and geochemical models. Chem. Geol. 179,
53-72. https://doi.org/10.1016/S0009-2541(01)00315-1.



Geology

AChowdhury et al. (2004)- agree with
regional flow path and use stable

isotopes to suggest recharge occurred ir

a more humidclimate potentially during o ocevee e

the Pleistocene A
AGeochemical modeling suggested that

most of the flow was from the Apache o

mountains or west of the Delaware PRI ARG SR =B

Mountains with the Davis mountains o

contributing only minor amounts

Chowdhury, A.H., Ridgeway, C., Mace, R.E., 2004. Origin of the waters in the San Solomon
spring system. Trans-Pecos Texas, Texas Water Dev. BEoard 360, 315-344.
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AUliana et al. (2007)r agree with the stable isotope
Interpretation and add radiogenic Sr isotopes to the dataset
ANGUWECUWEYGYAaYULW GI RUNDt WG ¢ 2 1JLWe W6
most readily explained as coming from dissolution of old
Precambrian and early Paleozoic rocks and these rocks can
only be found to the west in the Carrizo, Beach and Baylor
mountains

Uliana, M.M., Banner, J.L., Sharp Jr., J.M., 2007. Regional groundwater flow paths in Trans-
Pecos, Texas inferred from oxygen, hydrogen and strontium isotopes. J. Hydrol. 334,
334-346. https://doi.org/10.1016/).jhydrol.2006.10.015.
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Geology

ANunu and Green (2021) used a statistical technigue to conclude that there are four
different components that contribute to the springs.

A The main component is the regional flow that upwells through the Lower Cretaceous
rocks and the Cenozoic Pecos Alluvium to feed the springs (this is the base flow
component hypothesized by others from the Apache Mountains and farther west).

A The second component is due to infiltration through the Cenozoic Pecos Alluvium
that recharges East and West Sandia springs and is either irrigation return flow or
local precipitation.

A The third component contributes to Sarag_osa spring and also has an irrigation or
precipitation signature but is statistically different from the second component.

A The fourth is an additional local precipitation component. This study delineated
multiple components but did not explore distant sources of the components.

Nunu, R.R., Green, R.T., 2021. Hydrologic Conceptualization of San Solomon Springs in the
Lower Delaware Basin, p. 51. Contract report to Apache Big Eend Conservation
Alliance.



Geology
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ANicot et al. (2022)t the current flow : z0m 8
Is 20-30 cfs (15,000 to 22,000 acre ‘ oemw
ft/yr) s, p
AThe main component is regional flo (ﬁ
from the west with a mix of distantly o>~ [N
sourced brackish flow (2,200 mg/L) ™ iy
mixed with low TDS storm flow fromr \
the Davis mountains R N
AGeochemical signature of the SUNNS i G o bE
brackish component could be from " Aoy %W
evaporitic Castile and Permian reef - ;a\w%f Pecos Co. |
and back reef facies
[] Rustler category =3 Baseflow
[ Balmorhea category == Storm flow
s category —=3» Baseflow along Border Fault

Nicot, 1.-F., Smyth, R. C., Darvari, R. & McKinney, 5. T. New hydrogeochemical insights on a
West Texas desert spring cluster: Trans-Pecos Balmorhea-Area Springs. Applied
Geochemistry 142, 105331 (2022).



Salt Basin  Apache Mtns Davis Mtns Front Toyah Basin

North
Outcrop Bolsons
l Qutcrop
Capitan PSR i ¥
Outcrop —» i Castile
P Reef [ 1 lgneous
Outcrop  Outcrop Outcrop | OQutcrop
¥ . 4 ¥ L J ¥ *
Outs South N Platform |* Capitan N Edwards- ) Edwards- N PVA
UIErop =* nolsons Guadal. «|— Reef Trinity Trinity *
A F 3
5.F
Qutcrop ¥ Rustler
Mo connection
DMG

Figure S7. Conceptual model chart of flow along a multi-millennia flow path leading to the
Balmorhea springs (red star). Aquifers are color-coded according conventions developed in
Figure 1. Recharge occurs in the Salt Basin bolsons where Precambrian Rocks are also exposed,
from which the water acquire a high *Sr/*7Sr ratio. Water then flows through Guadalupian
platform sediments and Capitan Reef of the Apache Mountains, where it acquires its mixed Na-
Ca-S04-Cl hydrofacies. It then crosses the Stock Fault (S.F.) to the Edwards-Trinity Aquifer
with which it i1s in hydraulic communication. An alternative and complementary flow path (dash
lines) follows the arcuate shape of the Capitan until it joins the other flow path after contacting
the Castile Fm., an alternative origin for the mixed hydrofacies. Water continues on along the
Davis Mountains front where the Edwards-Trinity Aquifer receives low TDS water until some of

the water exits at the Balmorhea springs. Impact of the Rustler Fm. is seen both further downdip
and downgradient.

Nicot, J.-P., Smyth, R.C., Darvari, R., Bongiovanni, T., Pierrg, J.F., McKinney, S.T., Wolaver,
B.D., Mickler, P., 2021. Revisiting Hydrogeology of a West Texas Desert Spring
Cluster: a Data-Rich Geochemical and Physical Study of the Trans-Pecos
Balmorhea-Area Springs, p. 234. Contract report to Apache Corp. https://www.beg.
utexas.edu/files/publications/contract-reports/CR2021-Nicot-1.pdf.



Geology
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Finch, S.T., 2017, Hydrogeological Evaluation and Development of Groundwater Flow
Model For Capitan Reef Complex Aquifer Apache Ranch, Culberson County, Texas,
report prepared for Hughes Apache Ranches, Culberson County, Texas, 191 p.



NP SN
TLND N

Explanation
ﬂ Hughes Apache Ranches

[////] TWDB CRCX extent
JSAl

CRCX extent and saturated thickness, ft

<500
500-1000

- >1000

4/ o
%

‘ e
N D 2

o Y —

e Z Z %% 2 ,
/%4///» // 2 -
s. iy / " j 7':

) 5 10
[ s s—

Figure 15. Map showing revised extent and saturated thickness of CRCX aquifer system_Apache Mountains, Culberson County, Texas.

JOHEN SHOMAKER & ASSOCIATES, INC. e




Summary

AAIl of the modern studies suggest a regional base flow to the
springs originating somewhere to the west with flow through or
near the Apache Mountains

AThe water chemistry indicates brackish compositiorr 2,000 to
2,400 mg/LT probably due to interaction with evaporitic rocks of
the Delaware Mountain Group

ARadiogenic isotope data suggest interaction with old Precambrian
rocks which are only found in the vicinity of Van Horn

AStable isotope data suggest recharge in a cooler, wetter climate
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AVarious authors suggest flow
from portions of the Salt basin
(north and south)

ALimited modeling suggest only a -
ortion of the flow can come
orm the Wildhorse Flat area

ABedrock geologic studies and
water level elevations suggest
the flow may be either north or
south of the Apache Mountains
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AWe believe that much of the flow is further south originating not
only in Wild Horse Flat but in the Wylie Mountains and Michigan
Flat; moving west to east In the vicinity If Interstate 10.
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We would like to better understand this
system. What we need to do that:

A More information on water levels in wells in
the proposed flow paths

A Access for synoptic regional survey

A Log selected wells
A With telemetry
A Recording only
A BEG might have some equipment
A TWDB might supply some
A Purchase new equipment

A Thanks to KC Ranch and Texas Pacific Land
Corporation for ongoingdiscussons about
access

A Accurate information on well head
elevations

A Molrle water quality information on selected
wells
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