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History 

ÅNative Americans likely constructed irrigation ditches to distribute 
water
ÅThe springs were referred to as Mescalero springs in 1849 
ÅxċƣĲƖШƖĲŉĲƖƖĲĬШƣŸШċƚШћÉċŰШÉŸũŸůŸŰШÉƓƖŔŰŊƚќШĤǃШ~ĲǂŔĦċŰШŉċƖůĲƖƚ
ÅCCC were present starting in 1934
ÅIn 1949, some of the springs were dredged and canals were 

constructed by the U.S.Bureau of Reclamation 
ÅFrom Texas Parks and Wildlife Department, Balmorhea history



Geology

Å1.3 Ga Precambrian rocks are 
the result of the Grenville 
orogeny and are located in 
the Wylie, Carrizo, Beach and 
Baylor mountains.
ÅLithologies include meta-

rhyolite, mica schist, 
amphibolite and  pegmatite



Geology

ÅNext are the Paleozoic (mostly 
Permian) age rocks associated 
with the Delaware basin
ÅCapitan reef and back reef/platform 

sediments which mostly surrounded 
the basin
ÅDelaware Mountain group т deep 

basin sediments

ÅCastile and Rustler evaporites are 
on top of the Delaware basin 
sedimentary rocks







Geology

ÅLater this sequence was overlain 
by Cretaceous carbonate rocks 
which form the Edwards-Trinity 
aquifer (Plateau, High Plains)
ÅVolcanism in the Davis 

Mountains occurred ~ 30 to 40 
Ma
ÅSalt basin began to develop ~25 

Ma
ÅPecos Valley aquifer





Flow banded rhyolite, KC Ranch HQ



Salt Basin



Å Flow estimates
Å 50 cfs/37,000 Af/yr in 1941(White et 

al. 1941)
Å 20-30 cfs/15,000 to 22,000 Af/yr 

recent (Nicot et al. 2022)

Å Total Dissolved Solids ~ 2,000 т 2,400 
mg/L (Nicot et al. 2022)

Environmental Defense Fund Story Map



Ion water chemistry



Geology

ÅWhite et al. (1941)
Åћ ƖƣĲƚŔċŰќШƚƓƖŔŰŊƚ
Å51 cfs estimate from 

Cretaceous  limestones in 
Rounsaville syncline area
ÅRecharge estimated to be 

from as far away as San 
Martine with flow from the 
northwest



Geology

ÅNielsen and Sharp 
(1985)
ÅApache mountains 

could serve as conduit 
of flow originating in the 
southern end of the Salt 
Basin / Wild Horse
ÅTheir model suggest a 

total flow of 1950 to 
2850 acre-ft/yr (2.7 to 
3.9 cfs) 



Geology  

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

ÅSharp (1989) т 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



Geology

ÅUliana and Sharp used cation-
anion geochemistry and flowpath 
modeling and concluded:
ÅMain baseflow component is high 

TDS, Na-Cl-SO4 from regional flow 
system that originates in the Salt 
Basin and flows through the 
Apache Mountains and periodically 
mixes with 
ÅLower TDS mixes cation-anion 

stormflow component from the 
Davis Mountains

One of the first maps to show the west to east 
flowpath



Geology 
ÅChowdhury et al. (2004)  - agree with 

regional flow path and use stable 
isotopes to suggest recharge occurred in 
a more humid climate potentially during 
the Pleistocene
ÅGeochemical modeling suggested that 

most of the flow was from the Apache 
mountains or west of the Delaware 
Mountains with the Davis mountains 
contributing only minor amounts



Geology 

ÅUliana et al. (2007) т agree with the stable isotope 
interpretation and add radiogenic Sr isotopes to the dataset
ÅÑőĲШÉċŰШÉŸũŸůŸŰШƚƓƖŔŰŊƚШőċƻĲШċШőŔŊőШЛКÉƖоЛЙÉƖШƻċũƨĲШƣőċƣШŔƚШ

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 





Geology

ÅNunu and Green (2021) - used a statistical technique to conclude that there are four 
different components that contribute to the springs. 
ÅThe 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). 
ÅThe 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. 
ÅThe third component contributes to Saragosa spring and also has an irrigation or 

precipitation signature but is statistically different from the second component. 
ÅThe fourth is an additional local precipitation component. This study delineated 

multiple components but did not explore distant sources of the components. 



Geology
ÅNicot et al. (2022) т the current flow 

is 20-30 cfs (15,000 to 22,000 acre-
ft/yr)
ÅThe main component is regional flow 

from the west with a mix of distantly 
sourced brackish flow (2,200 mg/L) 
mixed with low TDS storm flow from 
the Davis mountains
ÅGeochemical signature of the 

brackish component could be from 
evaporitic Castile and Permian reef 
and back reef facies





Geology

ÅFinch (2017)
ÅProduced cross sections 

across the Apache 
mountains 
ÅQuestions whether there 

is flow in the Capitan Reef 
in the Apache mountains 
ÅWater levels are mostly 

below the reef 





Summary

ÅAll 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
ÅThe water chemistry indicates brackish composition т 2,000 to 

2,400 mg/L т probably due to interaction with evaporitic rocks of 
the Delaware Mountain Group
ÅRadiogenic isotope data suggest interaction with old Precambrian 

rocks which are only found in the vicinity of Van Horn
ÅStable isotope data suggest recharge in a cooler, wetter climate



Summary

ÅVarious authors suggest flow 
from portions of the Salt basin 
(north and south)
ÅLimited modeling suggest only a 

portion of the flow can come 
form the Wildhorse Flat area
ÅBedrock geologic studies and 

water level elevations suggest 
the flow may be either north or 
south of the Apache Mountains
ÅThe Stocks Fault and the 

Rounsaville folds need more 
study



ÅWe 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.



We would like to better understand this 
system. What we need to do that:
ÅMore information on water levels in wells in 

the proposed flow paths
ÅAccess for synoptic regional survey
ÅLog selected wells

ÅWith telemetry
ÅRecording only
ÅBEG might have some equipment
ÅTWDB might supply some
ÅPurchase new equipment

ÅThanks to KC Ranch and Texas Pacific Land 
Corporation for ongoing discussons about 
access

ÅAccurate information on well head 
elevations
ÅMore water quality information on selected 

wells
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