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M.S. Earth and Planetary Sciences 

ABSTRACT 

 

Las Huertas in the Sandia Mountains relies on snowmelt, monsoonal recharge, 

and groundwater inputs. Our hypothesis, the proportion of groundwater contribution 

varied spatially and temporally, was assessed by observing travertine and multiple 

geochemical tracers to differentiate water balance components. We report 26 samples 

from 13 locations (sampled between 2021-2023). Major ion and isotopic analysis 

indicated Las Huertas headsprings vary spatially. Capulin Spring has higher salinity; 

major ions suggest recharged waters are a mix of CaCO3-rich and sulfate-chloride-

containing water. The proportion of groundwater to spring discharge is a mix of winter 

and summer precipitation. Travertine supersaturation is seasonal, with variations 

downstream, suggesting seep from near-surface karst. Major ions show greater dissolved 

ions in baseflow seasons and less in runoff seasons. Las Huertas springs differ from 

springs down the Madera dip-slope – by CO2 manifested by travertine deposition - high 

CO2 is from the limestone aquifer and external CO2, likely from deep sources. 
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Introduction 

Persistent drought conditions, increased water use, and anthropogenic 

modifications of water resources have made wetlands in the southwest vulnerable to a 

changing climate. Spring-fed waterbodies in mountain recharge zones, such as Las 

Huertas Creek in the Sandia Mountains, New Mexico, rely on surface recharge and often 

have intermittent groundwater inputs along flow paths. Connections between surface 

water and groundwater in the Las Huertas watershed must be better understood for 

effective management. Las Huertas headwaters emerge within the southern portion of Las 

Huertas Canyon, where springs feed into the streamflow. Las Huertas waters are the 

primary water source for the acequias in the Village of Placitas, where most base and 

peak flows are used (Johnson and Campbell, 2002; Frus, 2016), including for irrigation 

by the San Felipe Pueblo. A small community comprised of camp facilities and private 

residential homes near the Las Huertas Springs, also uses Las Huertas waters in the 

northern portion of the watershed within the northern Sandia Mountains (Frus, 2016). 

Previous workers have shown that the Las Huertas watershed receives recharge by 

snowmelt, summer precipitation, and infiltration into the regional karst aquifer (Johnson 

and Campbell, 2002; Frus, 2016; DeLay et al., 2021). The Las Huertas watershed 

includes CO2-rich springs emerging at a high elevation in an arid land region, actively 

precipitating travertine in some reaches but not others, which may indicate variable fluid 

inputs and geochemistry along the flow path. The climate of the Sandia Mountains has a 

bimodal source of precipitation. Snowfall occurs from December through March, with 

monsoonal rainfall occurring from July through September. Sandia Crest receives an 
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annual average rainfall of 560 mm and about 304 mm at the base (Johnson and Campbell, 

2002; McCoy and Blanchard, 2008). 

An inventory of springs located within Cibola National Forest was performed in 

2012-16 by Rebecca Frus as part of her doctoral work (Frus, 2016). Forty-two water 

samples from 19 spring locations were collected (Table 1). Monitoring of these springs 

was continued by Kathryn Mendoza in Spring 2016 and Spring 2017 as part of a 

professional project for her Master of Water Resources degree (Mendoza, 2017). In the 

Summer of 2017, Spring Ecological Assessment Protocol (SEAP) forms were completed 

for ten springs locations, and seven water samples were collected from the Sandia and 

Manzano mountains (Table 1) (DeLay et al., 2021). 

Legacy data from prior University of New Mexico (UNM) reports and papers for 

the Sandia and Manzano regions (work mentioned above) were used for a Springs 

Inventory Report on behalf of Cibola National Forest (DeLay et al., 2021). Selected data 

are summarized in a report focusing on the geochemical data from Brittany Griego 

(Sandia Mountains) and Naomi DeLay’s spring research in 2019-2022 (Griego, 2023). 

Monitored springs were visited seasonally to understand flow paths and synthesize the 

geochemical dataset collection utilized as legacy data for this study (Table 1) (DeLay et 

al., 2021). This study also continues monitoring Capulin Spring and Las Huertas Springs 

in the Sandia Mountains. 

Las Huertas watershed springs emerge within the upper portions of the watershed 

downslope from Sandia Crest. Capulin Spring is about 3.26 km northeast of Sandia Crest 

and is at an elevation of approximately 2,670 m. Capulin Spring is about 560 m 

downgradient. The Las Huertas Springs is about 3.27 km from Sandia Crest and about 
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709 m downgradient from Sandia Crest (Figure 1) (Read, A. et al. 2000). Several surface 

water collection locations are located at the Las Huertas Picnic Site. The Las Huertas 

Picnic Site, established in the 1930s, consists of walking trails and provides recreational 

activities such as picnicking and bird watching (USDA NFS). Five sample locations 

within the Las Huertas Picnic Site consist of waters from Capulin Canyon converging 

with the Las Huertas mainstem water (Read. et al., 2000) (Figure 2). Las Huertas then 

traverses north towards Tecolote, crosses the San Francisco faults (described below), and 

traverses west-northwest into the lower subbasin (Connell et al., 2000; Read et al., 2000; 

Johnson and Campbell, 2002). 

Travertine-precipitating springs that feed the Las Huertas watershed emerge from 

the limestone aquifer with calcium carbonate-rich waters (Frus, 2016). Downstream from 

the springs, travertine deposits, forming dams and pools, are evident with intermittent 

occurrences along the Las Huertas Creek flow path (Figure 3). Regionally, Crossey and 

others (2009) have shown that carbonic springs and associated travertines record deep 

geologic inputs of CO2 via transport along fault structures. Typically, springs 

precipitating travertine have waters with high concentrations of calcium carbonate and 

higher TDS values compared to non-travertine precipitating springs (McCoy and 

Blanchard, 2008). 

Evaluating groundwater mixing regimes, CO2-richness, and snowmelt infiltration 

in a high-elevation, spring-fed watershed in the regional karst aquifer and surface waters 

is essential for effectively managing the water resource. In the United States, forty 

percent of the groundwater used for drinking water comes from karst aquifers, and given 

increased water demands, karst aquifers are significant water reservoirs at risk of 
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depletion (Green et al., 2006; Quinlan and Ewers, 1989). Karst terrains exhibit complex 

groundwater flow paths caused by depositional heterogeneities and fracturing (Quinn et 

al., 2006). Dissolution also affects carbonate aquifers, and groundwater flow may 

comprise diffuse, fracture, and conduit flows. These aquifers present focused and fast 

groundwater transport. Losing streams may also be present in a karst aquifer terrain 

(Bailly-Comte et al., 2009). Las Huertas has both perennial and dry reaches along the 

flow path, possibly due to the karst aquifer in the mountain recharge zone. The Las 

Huertas main stem mirrors karst aquifer chemistry and structure through intermittent 

flows and active travertine deposition along the flow path. Spring ecosystems can be 

classified using a site-specific geomorphological diagnostic approach (Stevens et al., 

2021). Stevens et al., 2021 developed an illustrated key for terrestrial spring ecosystem 

types; Based on our visit to the Ellis Spring and Camp Spring emergence locations, in the 

upper most reaches of the watershed, in the Fall of 2021, the springs are classified as 

limnocrene or helocrene springs. 

Study Approach 

This study evaluates the hypothesis that the proportion of groundwater 

contribution to spring discharge of Las Huertas Springs and Capulin Spring varies 

spatially and temporally, using the most extensive sampling of the upper watershed to 

date. We hypothesize that the supersaturation of the Las Huertas waters with respect to 

calcite (travertine accumulation) will change seasonally, with greater potential for calcite 

precipitation during the fall season, reflective of baseflow condition, and less potential for 

calcite precipitation during the spring season, due to snowmelt runoff, along the Las 

Huertas stream flow path.  We also hypothesize that stable isotopes and major ion 
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concentrations will vary and that these patterns may allow the differentiation of the 

components (e.g., winter precipitation or snow, the short residence time of groundwaters 

or the underflow on a seasonal time scale, and the long residence time of regional karst 

groundwaters) in the water balance along the Las Huertas flow path. The geochemical 

modeling will be used to assess whether external carbon dioxide sources are required to 

produce the observed travertine occurrences. Major ion analysis for stream and spring 

waters allows us to gain insight into the Las Huertas watershed potential flow paths and 

general water quality. Additionally, stable isotope geochemistry helps investigate 

recharge mechanisms and evaporation effects (Sharp, 2017).  

Geologic Setting  

Regional Geology 

The Sandia Mountains are located along the eastern flank of the Rio Grande Rift, 

comprised of the Sandia granite, an uplifted granite block of Paleoproterozoic granites 

and metavolcanic rocks overlain by the Arroyo Peñasco Group (sandstone), Sandia 

Formation (limestones and sandstone), and east-dipping interbedded limestone (Madera 

limestone) (Karlstrom et al., 1997; Lucas et al., 1999; Connell et al., 2000; Read et al., 

2000; Frus, 2016)  (Figures 4 and 5). Permian, Pennsylvanian, and Mississippian 

formations are distributed within the Placitas fault zone, higher elevation regions of the 

Sandia Mountains, and the bottom of the Las Huertas Canyon. Shales in the Upper 

Madera Group and finer-grained components in the Abo formation are confining beds 

isolating the Madera limestone aquifer (Figure 5). The Madera Limestone has been 

identified as the primary hydrostratigraphic unit for this region (Johnson and Campbell, 

2002) (Figure 5).  
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The complexity of the fault network of this region plays a significant role in the 

hydrologic setting. The Madera limestone makes up the fractured regional aquifer, thus 

allowing groundwater to move through fault-related fracture systems, fractures formed 

from solution, and bedding planes (Johnson and Campbell, 2002; Connell et al., 2000; 

Read et al., 2000). The steep dipping, normal West Las Huertas fault and the north-

trending, moderately dipping East Las Huertas normal fault bound Las Huertas Canyon 

(Figure 4; Johnson and Campbell, 2002; Connell et al., 2000; Read et al., 2000). The 

South Montezuma fault is an east trending steeply dipping reverse fault that joins the East 

Las Huertas fault at Tecolote (LeFevre, 1999). The faults within the Las Huertas system 

are parallel to the direction of stream flow and influence groundwater to flow in a fault-

parallel direction (Johnson and Campbell, 2002). See geologic map shown in Figure 4. 

Hydrologic Setting 

Johnson and Campbell (2002) have characterized the hydrologic setting of the Las 

Huertas watershed, and this section draws from their work. Fed by spring discharge from 

the northwest portion of Capulin Peak and Sandia Crest runoff, Las Huertas traverses 

north towards Tecolote, crosses the San Francisco faults, and traverses west-northwest 

into the lower subbasin. Three major drainage basins, Las Huertas, Arroyo Agua Sarca, 

and Arroyo de San Francisco, comprise the Placitas area. Las Huertas, which drains much 

of the northern portion of the Sandia Mountains, is the largest of the three basins. Las 

Huertas begins near Sandia Crest at about 10,678 feet (about 3.25 km) (Figures 1 and 4). 

Note that streamflow drainages flow eastward directly downdip south of the Las Huertas 

watershed divide. North of the drainage divide, all the drainages are routed northward 

toward Placitas along the faults. 
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Arroyo del Ojo del Orno operates as the main tributary to the lower Las Huertas 

drainage and merges with Las Huertas approximately 4,828 meters (about 3 mi) west of 

Tecolote. Las Huertas drainage basin has two acequias, Las Huertas-La Jara Ditch 

Association within the upper portions of Las Huertas Creek and Las Acequias of the 

Village of Placitas in the Arroyo del Ojo del Orno subbasin. The latter acequias rely 

solely on spring discharge for irrigation and domestic water supply for the Village of 

Placitas.  Additionally, the San Felipe Pueblo uses water from Las Huertas's lower 

reaches for irrigation. About 48 percent of the stream flow is in the upper reaches of Las 

Huertas between the Las Huertas Picnic Area and the ditch diversion. Discharge rates 

were determined by Johnson and Campbell (2002) for Las Huertas, approximately 0.3 

miles south of Sandia Cave. For their period of study, stream flow was between 30 cubic 

feet per second (cfs) to less than two cfs (Figure 6). The Abo and Madera formation 

aquifers within Las Huertas Canyon receive recharge through the infiltration of 

streamflow from Las Huertas Creek and snowmelt. A study of the Placitas area 

hydrogeology shows that water level increases occurred in wells in Las Huertas Canyon 

in the spring and early summer from snowmelt runoff increasing flows in Las Huertas 

Creek. Data from this 2002 study shows that Las Huertas plays a significant role in the 

annual recharge of the aquifers of Las Huertas Canyon. 

Many streams that drain the major basins are intermittent or ephemeral and flow 

in response to snowmelt or storm runoff (Johnson and Campbell, 2002; Frus, 2016; 

DeLay et al., 2021). Perennial reaches of these streams are evident along Las Huertas and 

Arroyo de San Francisco. They are fed by springs that discharge groundwater from the 

Madera limestone or springs and seep along the flow path. Las Huertas is an essential 
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source of water for the Placitas area. This resource is vital as it supports riparian areas, 

consisting of dense tree canopy cover and macroinvertebrates within the stream such as 

mayflies, snails, stoneflies, and other, and supports irrigation; it is critical for 

redistributing groundwater and surface water systems in an unconnected or poorly 

connected groundwater aquifer (Johnson and Campbell, 2002; Frus, 2016; Noe et al., 

2021; DeLay et al., 2021). 

Las Huertas is perennial along spring-fed reaches within the upper portions, lower 

portions below Tecolote, and the Arroyo del Ojo del Orno. The upper reaches of Las 

Huertas, nestled within a private residential community in the Sandia Mountains' 

northern portions, are spring fed except for snowmelt and stormwater runoff occurrences. 

A 4 km stream stretch was identified as perennial between the springs and the Las 

Huertas – La Lara Ditch Association diversion area. Streamflow is typically continuous 

in the upper regions of Las Huertas by snowmelt from April through June. Monsoonal 

rains during the summer months can extend this continuous flow into the fall season. 

Discharge from springs contributes to a 2 km reach of perennial flow along the lower 

portion of Las Huertas. Waters from the Lower Santa Fe Group are discharged through 

springs and seep into the downstream reaches of Las Huertas (Johnson and Campbell, 

2002). Despite this detailed work, there are few comprehensive descriptions of water 

quality in the watershed's upper reaches; this study aims to mitigate that gap. This study 

is the first to look at the geochemistry of the upper reaches of Las Huertas (both springs 

and stream) and the confluence of waters from Capulin Canyon to the Las Huertas 

mainstem and contributes towards a more comprehensive look at these surface water-

groundwater connections within the watershed from a multiple geochemical tracer 
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approach to further our understanding of groundwater contribution to streamflow and 

seasonality patterns within the Las Huertas watershed. 

Methods 

Water Sampling 

Springs and portions of Las Huertas’ surface water were collected in November 

2021, May 2022, November 2022, and May 2022, attempting to gather samples at least 

once seasonally (Figures 1 and 2). Water collection includes samples from Las Huertas 

springs (Ellis Spring and Camp Spring), Capulin Spring, and downstream surface waters, 

including the Capulin Canyon and Las Huertas mainstem confluence, along the stream 

when present. One snow sample was collected near the Capulin Snow Play Area in 

Winter 2023. These data were compiled with previously published data by Cibola 

National Forest for the Las Huertas watershed and the surrounding Sandia Mountains 

(DeLay et al., 2021; Frus, 2016). 

Sample locations were recorded using GPS. Water quality parameters were 

measured at each location, including pH, temperature (°C), specific conductance 

(µS/cm), and total dissolved solids (TDS reported in ppm) using an Oakton waterproof 

pH/CON 300 meter (Frus 2016, DeLay et al., 2021). The meter was calibrated daily using 

a three-point calibration for pH and 2 points for conductance. Syringes and bottles were 

pre-conditioned three times with sample water before collection. Two bottles were 

collected at each location – one unfiltered 125 mL sample with zero headspace (to avoid 

degassing affecting lab alkalinity measurements) for alkalinity, anion, and stable isotope 

analysis and one 60 ml aliquot filtered (0.45 µM) and acidified with ~1ml concentrated 
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nitric acid with a pH of 2.0 for cation/metals analysis (Myers, 2006; Frus, 2016; DeLay et 

al. 2022). One snow sample was collected in the Capulin Snow Play Area in February 

2023 for stable isotope analysis only. Samples were refrigerated until analysis. 

Water Analysis 

End Point Titration method with 0.02 N sulfuric acid (H2SO4) and an Oakton 

pH/CON 300 meter was used to determine alkalinity in the Diagenesis Laboratory at 

UNM in the Department of Earth and Planetary Sciences (EPS) at UNM (Baird et al. 

2017). Samples with zero headspace are titrated as soon as possible after sampling with 

10% duplicates for quality assurance. Ion chromatography (IC) and inductively coupled 

plasma-optical emission spectrometry (ICP-OES) in the Analytical Chemistry Laboratory 

at the UNM EPS are used to analyze anions and cations, respectively. Standard methods 

were used for IC (Jackson, 2000) and ICP-OES (Hou et al., 2000), comparable to EPA 

300.0 and EPA 200.7, respectively. Samples were analyzed at various dilutions of up to 

1:10, with ten percent duplicates run in addition to lab quality assurance standards and 

blanks during analysis. Ion charge balance from the chemical ICP-OES and IC analyses 

of the samples were routinely within 5% error. Total dissolved inorganic carbon (DIC) 

was calculated using the thermodynamic equilibrium speciation model PHREEQC 

(Parkhurst 1995) using pH, temperature, and measured alkalinity to estimate all DIC 

components, bicarbonate, carbonic acid, and carbonate. Geochemical modeling was 

performed with both PHREEQC and Geochemist’s Workbench (Bethke, 2017). 

Stable isotope analysis of hydrogen and oxygen was conducted using cavity ring-

down spectroscopy (Picarro L 1102-I) in the Center for Stable Isotopes (CSI) at UNM to 

calculate the weighted mean values of the isotopologues of liquid water. Isotope values 
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are reported in ratios of heavy to light isotopes, such as 18O/16O for oxygen and 2H/H 

(D/H) for hydrogen. Both isotopes are reported with respect to the Vienna Standard Mean 

Ocean Water (VSMOW). A standard calculation used to report isotope composition in 

delta notation (Sharp, 2017) is expressed as 

𝛿𝛿 𝑂𝑂18 = �
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
− 1� × 1000 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 

𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

=  

𝑂𝑂18

𝑂𝑂16�

𝑂𝑂18

𝑂𝑂16�
 

Stable isotope composition is reported in parts per thousand (‰ or per mil) 

deviation from the standard. Each sample was analyzed six times and then averaged. 

Results show each sample is routinely within 0.1 ‰ error for δ18O and 2.0‰ for δD. 

Duplicates were run at a ten percent frequency and were within the reported margins of 

error. 

Results 

Field Parameters 

Water quality parameters for sampled spring and stream locations were recorded 

for this study between Fall 2021 and Spring 2023 (Table 1). Water quality parameters 

were also compiled from previous studies (Frus, 2016; DeLay et al., 2021; Table 1). Field 

parameters measured for spring and stream samples from this study include temperature 

(°C), pH , conductance µS/cm, and  alkalinities in mg/L as HCO3- . 

Springs. Capulin Spring waters collected between 2012 and 2017 had an average 

TDS of 952 ppm, pH of 7.16, and 1,384 µS/cm conductivity; Capulin Spring waters 

collected between 2021 and 2023 had an average TDS of 1,269 ppm, average pH of 6.2, 
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and average conductivity of 1,534 µS/cm. DeLay et al., 2021Las Huertas Spring waters 

collected in Fall 2021 temperature ranges from 7.8 to 8.4 ;pH ranges from 5.25 to 6.85; 

conductivity ranged from 681 µS/cm  to 698 µS/cm ; TDS ranges from 508 ppm  to 512 

ppm .DeLay et al., 2021 DeLay et al., 2021DeLay et al., 2021Capulin Spring waters 

collected between 2012 and 2017 and then between 2021 and 2023 for this study have 

higher TDS than Las Huertas Spring waters (Table 1 and Figure 7). 

Stream Samples. The temperature for Las Huertas stream waters collected for this 

study ranged from 0.4 °C to 15.0 °C, with a mean of 8.55 °C for 20 samples. The lowest 

recorded temperature for Las Huertas stream samples was 0.4 °C for N of Ditch 

Diversion in Fall 2022; the highest temperature was 15 °C measured at Canon Media at 

NM165. Las Huertas Stream waters for this study sit in a pH range from 4.92 (Capulin 

Canyon) to 8.13 (at Canon Media at NM165) with a mean pH of 7.02. Stream 

conductivity was lowest at 348 µS/cm (Las Huertas Picnic Area) and highest at 726 

µS/cm (Capulin Canyon-1), with a mean conductivity of 540 µS/cm for Las Huertas 

Stream waters from this study. TDS calculated from major ion concentrations shows a 

mean TDS of 426 ppm for Las Huertas Stream waters, the lowest TDS at 285 ppm for 

(LHD) LH Downstream, and the highest TDS, of 519 ppm, at CC2 (Capulin Canyon-2). 

Major Ions and Stable Isotopes 

For this study, 26 samples from 13 unique locations within the Las Huertas 

watershed were analyzed (Figures 1 and 2; Tables 2 and 3). We compiled (63 samples) 

available water data from previous studies in the Las Huertas watershed and the 

surrounding Sandia Mountains (Frus, 2016; DeLay et al., 2021).  
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Calcium concentration, [Ca], for Las Huertas spring and stream and Capulin Spring 

waters collected between 2021 and 2023 range between 62 mg/L and 276 mg/L; 

alkalinity as HCO3- ranges from 160 mg/L to 472 mg/L; and chloride, [Cl], ranges 

between 25 mg/L to 504 mg/L. The lowest magnesium concentration [Mg] is 3 mg/L 

from November 2021 at LH Upper Reach, and the highest [Mg] was 7 mg/L from 

Capulin Spring in November 2022. Canon Media at NM 165 stream sample from May 

2022 had the lowest concentrations of sodium, potassium, and bicarbonate at 17 mg/L, 

0.74 mg/L, and 160 mg/L; Capulin Spring had the highest concentrations of these ions at 

131 mg/L, 2 mg/L, and 472 mg/L respectively. Sulfate was lowest in stream waters 

collected from Las Huertas Picnic Area at 7 mg/L in November 2021; Sulfate was highest 

in waters collected from Capulin Spring in November 2022 at 27 mg/L. Piper diagrams 

compare the relative proportions among solute concentrations for a suite of waters (Piper, 

1944; Drever, 1982). Analysis for collected geochemical was conducted by comparing 

the hydrochemical facies of these samples using Piper Diagrams. The charge balance for 

each sample major ion chemistry analysis was completed as part of QA/QC and is 

reported in Table 2. Major ion concentrations for Las Huertas springs and streams and 

Capulin Spring from 2012 through 2023 were plotted on a Piper diagram using 

Geochemist’s Workbench (Figures 8, 9, and 10) (Bethke, 2008).  Las Huertas waters from 

this study are calcium bicarbonate dominant, like those collected between 2012-2017, 

representative of deriving from a limestone aquifer (Drever, 1982; Frus, 2016; DeLay et 

al., 2021). Capulin Spring waters for this study collected between Fall 2021 and Spring 

2023 had a mean [Cl] of 446 mg/L. 
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Stable Isotopes 

Stable isotope geochemistry is utilized in this study to investigate potential 

recharge mechanisms, evaporation effects, and geochemistry of natural waters (Sharp, 

2017). Stable isotope results are reported in Table 3. Values of δD and δ18O from Las 

Huertas Springs and stream locations and previously collected data for Las Huertas and 

the surrounding Sandia Mountains were plotted with the Global Meteoric Water Line 

(GMWL) for reference (Figure 11). The GMWL (δD = 8.0 * δ18O + 10) describes the 

global average relationship between the measured values of stable isotopes of hydrogen 

and oxygen in meteoric waters worldwide. Variations from the GWML can be interpreted 

to be a result of mixing, water-rock alteration or evaporation, among other processes 

(Craig, 1961). Isotopologues from these studies, including this study and rain and snow 

isotopologues analyzed from the Sandia Mountains, are plotted to interpret possible 

variations with Las Huertas and Capulin waters. Isotopologues derived from rain samples 

have large variability. The δD and δ18O values of rain are generally heavier (less 

negative), whereas snow is generally isotopically lighter than springs and surface waters 

(Frus, 2016). The physical mechanism for this trend is that the mass fraction of water is 

more pronounced at colder temperatures (Sharp, 2007). 

δD values for Capulin Spring waters range between -87.2 to -84.1 permil; δ18O 

values range between -12.7 to -12.4 permil, with means of -85.6 and -12.5 permil, 

respectively. Three Capulin Spring water samples were run for isotopic analysis between 

2012 and 2017 with a mean δ18O  of -12.5 permil and δD of -85.4 permil. The heaviest 

δD value was recorded at -12.1 permil and the lightest at -12.6 permil. Capulin Spring 

waters for this study are about 0.2 permil (δ18O) and 0.5 permil (δD) lighter than water 
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isotopologues for Capulin Spring waters collected from 2012 to 2017. The Las Huertas 

springs were visited in November 2021, and waters were collected as close to spring 

emergence as possible (within spring boxes with owner’s permission). Camp Spring 

waters had a δD of -87.1 permil and δ18O of -12.8 permil; Ellis Spring had a δD of -12.8 

permil and δ18O of -87.1 permil. Camp Spring and Ellis Spring water isotopologues vary 

slightly by 0.01 δ18O permil and 0.02 δD permil (i.e., within analytical error). Camp 

Spring waters collected between 2012 and 2017 had a mean δD value of -86.6 and δ18O 

of -12.5 permil; Ellis Spring waters had a mean δD of -86.4 permil and δ18O of -12.4 

permil. 

Figure 2 highlights the Capulin Canyon and Las Huertas mainstem confluence 

and sampling cluster within the Las Huertas Picnic Area. Capulin Canyon encapsulates 

stream water samples collected from Capulin Canyon-1 and -2 located within the Las 

Huertas Picnic Site, accessible from NM165. Capulin Canyon-1 was identified southeast 

of the Las Huertas Picnic Area. Capulin Canyon-2 was identified next to the recreational 

area parking lot, southeast of Las Huertas Picnic Area, and water samples were collected 

for geochemical analysis in November 2022 and May 2023. Capulin Spring and Capulin 

Canyon-2 were both visited in May 2022. Waters from the stream sample are 0.05 δD 

permil and 0.6 δ18O permil lighter than that of the Capulin Spring waters. In November 

2022, Capulin Spring and both Capulin Canyon downstream locations were visited. 

Capulin Spring waters were 0.02 δD permil lighter and 0.44 permil δ18O lighter than 

Capulin Canyon-1 and 0.1 permil δD and 0.8 permil δ18O lighter than Capulin Canyon-2. 

Capulin Canyon downstream waters isotopically get lighter with distance from Capulin 

Spring, as would be expected with evaporation (Figure 12). 
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The upper reaches for Las Huertas encapsulate Camp Spring, Ellis Spring, and 

select locations along the downstream flow from these springs (Las Huertas Upper 

Reach, NE of House Spring, and Loop Trail). These waters are upstream from the 

confluence of Las Huertas and Capulin Canyon waters at the Las Huertas Picnic Site. 

Isotopologues of waters, for a total of five analyzed water samples, from the Upper Reach 

of Las Huertas. Looking at this cluster for Las Huertas waters, we can further observe 

variations among these waters (Figure 12). Water isotopologues for Las Huertas Stream 

water from the upper reaches of the stream range from -13.1 δ18O permil (NE of House 

Spring) to -12.4 δ18O permil (Loop Trail), and hydrogen isotopologues range from -89.1 

δD permil (NE of House Spring) to -84.2 δD permil (Loop Trail). Las Huertas Stream 

waters from the upper reach are isotopically heavier than waters emerging from Las 

Huertas Springs.  

Discussion and Interpretations 

For comparison of major ion composition, Las Huertas spring and stream and 

Capulin Spring chemistries are plotted on a Piper Diagram with select springs from the 

surrounding Sandia Mountains (Figure 13). The geochemical analysis performed for this 

study indicates Las Huertas springs are influenced by the water-rock interaction of 

calcium carbonate from the lower Madera limestone aquifer, similar to previous 

interpretations (Frus, 2016; DeLay et al., 2021). Capulin Spring waters are geochemically 

distinct compared to Las Huertas springs and the surrounding Sandia Mountain springs, 

containing more chloride than Las Huertas springs (Figures 9 and 13). This suggests 

Capulin Spring waters flow through a different lithology than Las Huertas Springs, where 
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Capulin Spring recharge waters flow through the Lower Madera limestone and a more 

silica-rich lithology.  

Capulin Spring is further differentiated from Las Huertas springs by significantly 

higher TDS (Figure 13). Waters from this spring have higher TDS in both the summer 

and fall months, with lower TDS values in the fall and spring and rising again in the 

summer months. Camp Spring and Ellis Spring waters are within the TDS range of 

waters previously collected from Sandia Mountain springs and Las Huertas waters (Frus, 

2016; DeLay et al., 2021). Seasonal variations in TDS may indicate a mix of recharge 

mechanisms (snowmelt and monsoonal). High TDS recorded in the summer and Fall 

months may reflect summer monsoonal rain recharge infiltrating and causing a pulse 

within the aquifer feeding Capulin Spring resulting in a high TDS value of the emerging 

waters (Jacobson and Langmuir, 1974). In comparison, Tunnel Spring (TNS) and Osha 

Spring (OHS) within the Las Huertas watershed, and Cienega Spring (CNS) and Sulfur 

Spring (SLS) have similar Stiff geometries as Las Huertas springs (Figure 14), reflecting 

mainly the addition of calcium and bicarbonate from interaction with the limestone 

aquifer. Sulfur Spring, however, does have less calcium than the other modeled springs. 

Capulin Spring is further validated as significantly different from Las Huertas in this 

dataset with significantly higher TDS, calcium, and chloride.  

Capulin Spring waters plot on a chloride-rich trend, representing the influence of 

a different hydrostratigraphic flow path for Capulin Spring compared to Las Huertas 

spring waters (Figure 15; Frus, 2016; DeLay et al., 2021). Sandia Mountain springs plot 

on a trend with less chloride and a higher amount of sodium, interpreted to represent 

silicate water-rock interactions (ie, more Na relative to chloride, reflecting Na inputs 
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likely from feldspars rather than just small amounts of sedimentary-derived halite. 

Additionally, selected Sandia Mountain springs have higher sulfate concentrations- 

suggesting interaction with gypsum (Figure 16). In the springs inventory completed by 

Frus, 2016 and finalized by DeLay et al. 2022, Capulin Spring waters collected between 

2012 and 2017 were reported as notable outliers. Capulin Spring waters collected for this 

study follow the shallow trend for Capulin Spring. This shallow trend indicates seasonal 

differences in spring water chemistry. Capulin Spring waters were collected for this study 

in May 2022 and May 2023, before the summer monsoonal season, and in November 

2022, after the summer monsoonal season. Waters from Capulin Spring plot on a 

chloride-rich trend with increasing carbonate dissolution; however, Capulin Spring 

waters collected from this study have higher concentrations of Na and Cl than Capulin 

Spring waters from previous sampling seasons. Capulin Spring waters had lower [Na] in 

the spring months before the monsoonal summer season and higher [Na] after the 

monsoonal season. The Capulin Spring waters from this study and previous studies plot 

with a trend inferred to represent water-rock interactions with calcium carbonate as the 

groundwater flows through the Madera Limestone (DeLay et al., 2021, Frus, 2016). All 

Las Huertas springs, streams, and Capulin Spring samples have higher calcium 

concentrations than sulfate. Sulfate enrichment of the Las Huertas Spring and Capulin 

Spring waters is not evident (Figure 16). Capulin Spring waters between 2012 and 2023 

have the highest calcium concentrations from the Las Huertas watershed. Spring samples 

from Las Huertas, Capulin, and Sandia Mountains show enrichment of bicarbonate in 

these waters. Capulin Spring has the highest calcium bicarbonate concentrations (Figure 

17). 
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Sandia Mountain springs and Las Huertas springs and stream water samples plot 

generally centrally clustered between the rain and snow isotopologues range. 

Precipitation isotopologues can be used to investigate the timing of recharge events in 

which summer precipitation isotopologues are heavier than winter precipitation (Frus, 

2016). Frus, 2016 and Sharp, 2017 utilized precipitation isotopologues for summer and 

winter precipitation events to develop an isotopic boundary for summer and winter 

recharge; these boundaries were applied to waters collected for this study (Figure 18). 

Las Huertas waters fall between these ranges, suggesting that the waters emerging from 

the headwater springs are a mix of winter and summer recharge. The variation in δ18O 

isotopologues between Ellis Spring and Camp Spring may be due to the evaporation of 

spring waters within the spring box; Ellis Spring being slightly isotopically heavier than 

Camp Spring may also indicate waters emerging from Ellis Spring are subject to a more 

extended flow pathway than water emerging out of Camp Spring. However, the 

difference between Ellis Spring and Camp Spring isotopologues for this study varies 

minimally. 

Chloride behaves conservatively and is used as a tracer to investigate potential 

flow pathways in aquifers, as it is typically unaffected by adsorption or other 

geochemical processes (Healy and Scanlon, 2010). Figure 19 shows δD (permil 

VSMOW) isotopologues versus [Cl]. Capulin Spring has some of the highest [Cl] 

between 333 mg/L and 504 mg/L, whereas the spring boxes and stream waters along the 

main stem range from 61 to 80 mg/L. Capulin Spring waters from this study and previous 

studies plots within the δD range for Las Huertas springs and stream; however, Capulin 

Spring is considered an outlier with the highest Cl concentrations. Las Huertas Stream 
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and Capulin Spring waters collected in Spring 2022 were isotopically heavier than Las 

Huertas Stream waters and Capulin Spring waters collected in Fall 2022. Water 

isotopologues measured for Las Huertas Springs and Capulin Spring waters do not 

suggest an evaporation trend with Las Huertas mainstem waters or Capulin Spring, 

indicating that there may be cryptic groundwater inflow along the flow path. However, 

Capulin Spring is significantly saltier than Las Huertas springs; isotopologues allow us to 

rule out that evaporation effects are associated with the high [Cl] at Capulin Spring and 

suggest there may be other influences (different flow path) on the spring's salinity, and 

this is examined further below.   

The regional aquifer, the Madera Formation, is classified into two sections, the 

Upper Madera and the Lower Madera. The Upper Madera is a well-cemented limestone 

interbedded with sandstone and mudstones. The lower Madera is described as massive 

and does not have these interbedded sandstones and mudstones like its upper counterpart. 

The Upper Madera has been eroded on the higher elevation regions of the Sandia 

Mountains, including the upper reaches of the Las Huertas watershed. The lower 

elevation regions of the Sandia Mountains, including near Cienega Spring and Sulfur 

Spring emergence to the south, and the lower reaches of the Las Huertas watershed to the 

north still contain the Upper Madera lithology and the Abo and Yeso formations that 

overlay the Upper Madera (see Figures 4, 20, and 21). These lithologies could supply 

components from gypsum (calcium and sulfate). 

Spatially-Intermittent Travertine Occurrence. Las Huertas springs emerge within 

the upper reaches of Las Huertas, and travertine is visibly evident within the stream; 

geologic maps indicate these springs are located on colluvium and alluvium over the 
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Lower Madera limestone (Figure 20; Connell et al., 2000; Read et al., 2000). 

Downstream near NHS, where stream waters flow over the Sandia Formation, travertine 

step dams and pools are also evident. Capulin Spring, similar to Las Huertas springs, 

emerges in proximity to colluvium/alluvium on top of the Lower Madera; however, 

travertine was not observed near the spring. Further downstream, within the Las Huertas 

Picnic Area, travertine is not evident, and sample locations from this region flow over 

colluvium/alluvium over the Sandia granite. Near CNM and NDD sample locations, 

travertine is evident in the stream, and waters flow over the Madera Formation.  Near our 

most downstream sample, LHD, travertine is not evident, and the stream flows over 

colluvium/alluvium sitting on top of the Abo Formation. The proximity of the Abo and 

Yeso formation suggests the Upper Madera limestone has been preserved.  

Travertine-precipitating springs that feed the Las Huertas watershed emerge from 

the limestone aquifer with calcium carbonate-rich waters (Frus, 2016). The extensive 

travertine rimstone dams and pools encountered in these upper reaches of the Las Huertas 

drainage are unique in the Sandia mountains- only small amounts are noted to the south 

and north. Downstream from the springs, travertine deposits, forming dams and pools, are 

evident with intermittent occurrences along the Las Huertas Creek flow path. The 

following reaction represents calcite precipitation and the exsolution of carbon dioxide 

(Drever, 1982): 

𝐶𝐶𝐶𝐶2+ +  2𝐻𝐻𝐻𝐻𝐻𝐻3− ↔  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶3 + 𝐻𝐻2𝑂𝑂 +  𝐶𝐶𝐶𝐶2 (𝑔𝑔) 

The formation of travertine can be described as a three-step process consisting of 

acquiring solutes in groundwaters, followed by the transport of these dissolved solutes, and 

then the deposition of calcium carbonate as travertine (Crossey et al., 2006). The following 
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equations describe the process of the acquisition of solutes through limestone/groundwater 

interactions, transport of solutes, and precipitation of travertine from calcite-rich waters 

(Crossey et al., 2006): 

𝐶𝐶𝐶𝐶2(𝑔𝑔,𝑒𝑒𝑒𝑒𝑒𝑒) + 𝐻𝐻2𝑂𝑂 +  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶3 (𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) →  𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
2+ + 2𝐻𝐻𝐻𝐻𝐻𝐻3 (𝑎𝑎𝑎𝑎)

−  (𝐸𝐸𝐸𝐸𝐸𝐸 1) 

𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
2+ + 2𝐻𝐻𝐻𝐻𝑂𝑂3 (𝑎𝑎𝑎𝑎)

− →  𝐶𝐶𝐶𝐶2 (𝑔𝑔) + 𝐻𝐻2𝑂𝑂 +  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶3 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)(𝐸𝐸𝐸𝐸𝐸𝐸 2) 

Eqn. 1 represents CO2-charged groundwaters dissolving carbonate from 

limestone, thus increasing calcium, magnesium, and alkalinity in the groundwaters 

(Crossey et al., 2006). Degassing described in Eqn. 2 favors carbonate precipitation 

(Crossey et al., 2006). If degassing is fast, such as in turbulent streams, spring waters can 

deposit travertine dams, such as the observed travertine dams and pools in the Las 

Huertas watershed, coatings, and drapes (Figure 3; Chafetz and Folk, 1984; Crossey et 

al., 2006). 

The amount of CaCO3 dissolved by water depends on the CO2 present while 

CaCO3 dissolves (Chafetz and Folk, 1984), often referred to as external CO2 (Cg,ext; 

Crossey et al., 2009 and references therein). Ca2+ and HCO3- are the dominant solutes in 

karst aquifers- and are typically close to calcite equilibrium (Chafetz and Folk, 1984). 

Total dissolved solids (TDS) and Ca concentration depend on the initial PCO2 of the water, 

influenced by the soil atmosphere of the recharge zone (Drever, 1982) plus potential 

inputs of other CO2 sources (Crossey et al., 2009). Degassing of CO2, which may be 

caused by turbulence in the streamflow, occurs with the equilibration of CO2 in the water 

from spring recharge water with lower atmospheric CO2 levels, thus causing calcite 

precipitates on sediments and organic material in the spring channel (Drever 1982; 
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Chafetz and Folk, 1984; Crossey et al., 2009). Typically, springs precipitating travertine 

have waters with high concentrations of calcium carbonate and high TDS values 

compared to non-travertine precipitating springs (McCoy and Blanchard, 2008). 

Rainwaters are in equilibrium with atmospheric CO2 with a partial pressure of 

~10-3.5 atm, and soils may have up to 10-1.5 atm due to respiration and the decay of 

organic matter (Drever, 1982): the PCO2 increases (up to 10-1.5 atm) when water infiltrates 

into soils. The addition of CO2 dramatically increases the amount of calcite in waters that 

can be dissolved (Drever, 1982); thus, the amount of CaCO3 that can be dissolved in the 

recharge waters is dependent on the amount of CO2 entering the system (Cg,ext from Eqn. 

(1) above (Drever, 1982; Crossey et al., 2009). If CO2 is not added from sources other 

than the atmospheric value, the amount of calcite that could be dissolved is limited 

(Drever, 1982). In an open system, like the Las Huertas stream, once the groundwater 

emerges to the surface, the PCO2 of water will equilibrate with the atmospheric value 

(constant), and if PCO2 of the groundwater is higher than the atmospheric value, CO2 is 

transferred from the stream/groundwater to the atmosphere, raising the pH and 

facilitating the precipitation of CaCO3 (Drever, 1982; Crossey et al., 2009). The amount 

of external CO2 (initial atmospheric CO2, plus any added from soil respiration and any 

other sources) will promote calcite dissolution initially, and more calcite will be dissolved 

into the water (Drever, 1982).  

Springs monitored for this study have high dissolved inorganic carbon (DIC) in 

the form of HCO3- at pH >6.3 and < 10.3 (acid dissociation constants for carbonic acid 

and bicarbonate, respectively).  Piper diagrams reflect that these spring waters are 

calcium bicarbonate dominant. Saturation indices for calcite, dolomite, gypsum, halite, 
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quartz, amorphous silica, and the PCO2 for each water were computed using PHREEQC 

(Parkhurst, 1995). The computed saturation indices for each sample are shown in Table 4; 

Capulin Spring waters collected between 2021 and 2023 logPCO2 values range from -1.36 

to +0.25; Capulin Spring waters collected between 2012 and 2017 logPCO2 values range 

from -2.71 to -1.15. PHREEQC-computed PCO2 indicates that emerging groundwaters 

show considerable excess PCO2 relative to the atmosphere, consistent with observed 

calcite precipitation. The modeled results indicate that in many cases, the PCO2 is orders 

of magnitude higher than expected for soil respiration. 

A method of computing the amount of external carbon was shown by Crossey and 

others (2009). This method uses the modeled total DIC of each water, subtracting the 

portion of carbon contributed by calcite and gypsum dissolution by subtracting the mol/L 

of sulfate and calcium from the DIC. The values are shown in Table 5. These high values 

of external carbon exceed the range for soil contributions and are comparable to values 

reported in regional carbonic springs (Crossey et al., 2015; Crossey et al., 2009; 2016). 

The co-location of carbonic springs with regional faults indicates that some of this 

external CO2 may be far traveled. In Edgewood, nearby in the eastern area downslope of 

the Sandia mountains, Edgewood Cavern has reported high CO2 (Babb, R.G., 1974; 

Jenkins D., 1982) and further to the southeast of the Sandia mountains near Estancia, 

carbon dioxide was commercially produced in the 1930s and 40’s (Broadhead, 1997).  

The geochemical composition of water suggests these carbonic waters interact 

with any calcite in the soil matrix and the Madera limestone aquifer. Las Huertas springs 

waters collected in Fall 2021 were undersaturated with respect to calcite. Capulin Spring 

waters had variable saturation index with respect to calcite with time. Capulin Spring 
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waters collected in Spring 2022 were supersaturated with calcite; in the following Fall 

and Spring, Capulin Spring waters were undersaturated with calcite. Capulin Canyon 

waters (CC1 and CC2) follow a similar pattern. Las Huertas stream waters near Las 

Huertas springs, NHS (North of House Spring) and LPT (Loop Trail), have similar 

saturation patterns. In the Spring 2022 and Spring 2023 sampling seasons, these surface 

waters were supersaturated with respect to calcite; Waters collected from LPT in Fall 

2022 had a lower saturation index than waters collected in the Spring season and were 

undersaturated with respect to calcite. CNM (Canon Media and NM165), further 

downstream from CLH (Capulin Canyon and Las Huertas confluence), were 

supersaturated with respect to calcite for the Spring 2022, Fall 2022, and Spring 2023 

sampling seasons. However, many of these waters also display PCO2 values well above 

atmospheric. This is discussed below, as this saturation state will dramatically change 

when the high-PCO2 groundwaters interact with the atmosphere. Saturation indices 

concerning dolomite were also calculated using PHREEQC for the waters collected for 

this study. It is important to note that the kinetics of dolomite are exceedingly slow at low 

temperatures; thus, it is not likely to lead to mineral precipitation (Drever, 1982). Our 

Piper diagrams show little magnesium, so we do not consider that much dolomite is 

present in the aquifer as that has been shown to yield Ca:Mg in approximated equimolar 

concentrations (Crossey et al., 2009). NHS waters collected in Spring 2022 and CNM 

waters collected in Fall 2022 were supersaturated with respect to dolomite. Gypsum 

saturation indices were also calculated; the waters collected for this study were all 

undersaturated with respect to gypsum. 
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A PHREEQC model was used to calculate how much calcite could be precipitated 

out of specific waters from the Las Huertas watershed. The model equilibrates waters 

with atmospheric PCO2 and calcite to determine how much calcite could be precipitated 

and reports the amount in mg/L (Table 5). Capulin Spring waters had the highest amount 

of calcite that could be precipitated, between 282 mg/L and 353 mg/L, almost double that 

of Camp Spring (188 mg/L) and Ellis Spring (193 mg/L). In comparison, Sulfur Spring 

waters, downgradient from our study area and within a different drainage basin, could 

precipitate about half; 90 mg/L of calcite. Camp Spring, Ellis Spring, and Capulin Spring 

emerge from colluvium and alluvium lithology, whereas Sulfur Spring is located on a 

colluvium/alluvium and Abo and Yeso Formation geologic contact. Cienega Spring, near 

Sulfur Spring, sits on contact between colluvium/alluvium, the Upper Madera Formation, 

and Abo and Yeso Formation contacts, which is reflected geochemically and could 

precipitate a large amount of calcite (220 mg/L). The Abo and Yeso Formations sit on top 

of the Madera Formation and have been eroded from the upper portions of the Sandia 

Mountains, including the upper reaches of the Las Huertas watershed. Stream samples 

from NHS, within the upper reaches of Las Huertas flowing over the Sandia Formation 

right on the fault, have lower calcite precipitation than the emerging springs (between 

125 mg/L and 172 mg/L). At this location, massive travertine step pools are observed. 

Further downstream, CNM lies on the Madera Formation, and analysis shows waters 

collected from this location could precipitate calcite (between 81 mg/L and 130 mg/L). 

Like NHS, travertine is observed within the stream at CNM (See Figures 20, 22, 23, and 

25).  
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Saturation indices indicate that Capulin Spring waters, Capulin Canyon surface 

waters, and surface waters downstream from the Capulin Canyon and Las Huertas 

confluence are saturated with respect to quartz (SiO2). In comparison, Las Huertas spring 

waters and surface waters collected upstream from the confluence are undersaturated 

with respect to quartz. This, combined with major ion concentrations and Piper diagrams, 

further suggests that Capulin Spring recharge waters interacting with silica-rich geology 

such as the portions of the Upper Madera, the Sandia formation sandstones, or the 

basement rocks. Calcite saturation indices for Las Huertas watershed springs are variable 

for samples collected between 2012 and 2023. The Las Huertas spring waters collected in 

2021 were undersaturated with respect to calcite; however, spring waters collected 

between 2012 and 2016 had three samples that were saturated with calcite. Capulin 

Spring waters collected in May 2022 were saturated with respect to calcite; Capulin 

Spring waters collected between 2012 and 2017 had variable calcite saturation, but the 

majority were saturated.  

Measured parameters are plotted with respect to downstream site locations 

between Las Huertas springs (Ellis Spring and Camp Spring) and LHD (Las Huertas 

Downstream), and Capulin Spring (CPS) to observe changes along the Las Huertas flow 

path (Figures 26 and 27). We see an expected difference in temperature in that waters are 

cooler in the Fall months and warmer in the Spring months. For TDS, we see a general 

decrease in TDS downstream. In the Fall of 2021 and 2022, we see a slight increase in 

TDS at CLH and then decrease downstream. Although CLH was not visited in the spring 

seasons, we see a slight increase in TDS downstream from the confluence at LHP (Las 

Huertas Picnic Area). DIC is higher in the Fall than in the Spring. There is an increase in 
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DIC at CLH and LHP followed by a decrease in DIC downstream. In the Fall 2022 

season, we see the previously mentioned trend but with a slight increase of DIC at NDD 

(North of Ditch Diversion). PCO2 was also plotted with respect to downstream locations. 

We see a similar trend as DIC with PCO2, with higher values observed in the Fall months 

and lower in the Spring. For the samples collected in the fall, PCO2 is higher for the 

stream samples than the ESP spring waters, with the highest PCO2 at LHP. The higher PCO2 

values, similar to the previously discussed parameters, are highest around CLH and LHP. 

With the Fall 2022 sample run, with our longest continuous downstream sampling, we 

see the increase of PCO2 at LHP followed by a decrease at NDD and then an increase at 

NDD. Similar to DIC and PCO2, Cext follows seasonal and downstream trends. For all 

seasons sampled, we see an increase in external carbon downstream at CLH and LHP, 

followed by a decrease and an increase at NDD and LHD (see Figure 27). Calcite 

precipitation was also modeled and plotted with respect to the site locations downstream. 

We see the highest potential for calcite precipitation with the spring waters collected at 

ESP, followed by a decrease downstream. There is an increase of calcite precipitation 

between CLH and LHP followed by a decrease downstream. 

Las Huertas springs and Capulin Spring waters geochemically reflect the primary 

hydrostratigraphic aquifer, the Madera limestone. Geochemical analysis indicates 

Capulin Spring waters are saturated with quartz, suggesting waters from Capulin Spring 

have also interacted with silicates in the Upper Madera, Sandia formation, or possibly 

from the thin Arroyo Peñasco Group. From this, we could infer that recharge water 

infiltrates from a higher elevation of Capulin Spring, near Sandia Crest, and can infiltrate 

into the Madera Group and the Sandia Formation, allowing silica incorporation into 
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waters eventually emerging from Capulin Spring.  Las Huertas springs emerge within a 

small fault-bound valley and geochemically differ from Capulin Spring to the south. The 

limited dataset from this study suggests a similar flow path for Las Huertas spring 

recharge waters as Capulin Spring, but these waters likely do not interact with a silica-

rich lithology. Some downstream samples geochemically reflect the Madera group and 

are often saturated with calcite. Water samples collected during Spring 2023 

geochemically reflect a high snowmelt Spring runoff from high snowpack during the 

2022-2023 winter season. This may indicate a seep from the lower elevation Upper 

Madera group geology and suggest a near-surface karst terrain. Travertine near these 

lower reaches suggests high CaCO3-rich waters interacting with the Las Huertas main 

stem, likely from seep due to this karst terrane.  

Conclusions 

The Las Huertas spring and stream system is unique to the East Mountain/Sandia 

Mountain region of New Mexico and significantly different than nearby Capulin Spring, 

and Madera dip-slope springs such as Cienega Spring and Sulfur Spring. The most 

significant difference is the carbonic nature of Las Huertas manifested by the dramatic 

travertine-depositing character. The use of multiple geochemical tracers (major ions and 

stable isotopes) shows that Las Huertas waters vary seasonally. Baseflow conditions 

observed in the Fall/post-monsoonal season have higher CaCO3, dissolved solids, and 

salinity with stable isotopes more negative. Higher discharge from monsoons and 

snowmelt is characterized by lower TDS and less negative stable isotopes. In contrast, 

Capulin Spring, to the south, has a different chemistry that may reflect interaction with 

silica-rich lithology or basement rocks.  
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The interpretations of these data are that external CO2 is added along the Las 

Huertas system, likely from deep sources, as groundwater is directed through the Madera 

karst aquifer system and along faults north towards Placitas. Our downstream analysis 

identifies additional geochemical input (high CO2) in the wetland associated with the Las 

Huertas Picnic Area. In contrast, similar elevation recharge from Capulin Spring has a 

different geochemistry reflecting its flow path through the Sandia Formation Sandstone.  

Cienega Spring, also at nearly the same elevation, flows directly downslope and does not 

have the carbonic (travertine-depositing) character.  This study indicates that high-

elevation recharge on the east side of the Sandia Mountains has an important spatial and 

temporal variation that affects water quality. The water is essential to surrounding down-

slope communities and should continue to be monitored for watershed resiliency and is a 

management priority for Cibola National Forest. Further investigation is needed to 

explore the larger implications for recharge to the eastern plains, where the highest part of 

the Sandia Crest recharge is diverted north along faults rather than down the Madera dip-

slope. 

Las Huertas waters are important to the Village of Placitas and are a management 

priority for Cibola National Forest. This study contributes toward a better understanding 

of this poorly connected karst system with the most robust evaluation of the upper reach 

to date, allowing us to assess the resiliency of this resource in a changing climate (Elias et 

al., 2021). Major ion and isotopic analysis indicated that Las Huertas watershed 

headsprings geochemically vary spatially. Capulin Spring has significantly higher 

salinity, and major ions suggest Capulin Spring waters are recharge from a mix of 

calcium carbonate-rich waters and sulfate-chloride-containing water, which may be 
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coming from a flow path through a more silica-rich lithology such as the Sandia 

formation sandstone.   
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Table 1 – Sample Locations and Field Parameters 
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Table 2 – Major ions 



45 
 

 

  



46 
 

 



47 
 



48 
 

  



49 
 

 

  

Table 3 – Stable Isotopes and Minor Elements 
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Table 4 – Saturation Indices 
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Table 5 - Geochemical Modeling 
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Figure 1 - Satellite imagery, including the general Sandia Mountain range, the Las 
Huertas watershed (orange outline), drainage flow lines, and sample locations from 
this study and previous studies. The watershed of interest is in the northern portion 
of the Sandia Mountains and into Placitas. 
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Figure 2 - ESRI image showing a detailed view of the sampling cluster near Las 
Huertas Picnic Area. 
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Figure 3 - Travertine step dams and pools observed in the Las Huertas stream channel. 
Photography by Dr. Laura J. Crossey. 
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Figure 4 - Geologic map of the study region over digital elevation model (DEM). 
The Madera limestone operates as the primary regional aquifer, greatly influencing 
the water chemistry of spring and stream waters in the Las Huertas watershed. Las 
Huertas sample locations for this study are depicted in orange diamonds, circles, 
and blue squares. Site map adapted from Connell et al., 2000 (Cross section A-A’) 
and Read et al., 2000 (Cross section B-B’). 
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Figure 5 - (Left) Generalized stratigraphy of the Sandia Mountains. The 
regional aquifer is highlighted in black (Bauer et al., 2003). Capulin Spring 
and Las Huertas springs emerge from the Madera group (orange arrow). 
(Right) Detailed lithology and thickness of the Madera Group from Johnson 
and Campbell, 2002). Blue Arrow indicates the level of erosion at the Sandia 
Crest. 
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Figure 6 - Stream hydrograph from Johnson and Campbell’s 2002 study near Sandia 
Cave. Peak discharge was recorded in mid to late summer 1997 and 1998 (during the 
summer monsoonal season). Las Huertas stream receives bimodal precipitation, 
including summer monsoonal precipitation. 
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Figure 7 - Stiff diagrams portray the geometry of waters from Las Huertas spring 
(CSP and ESP) and Capulin Spring (blue) and downstream Las Huertas stream 
samples (orange). Las Huertas spring and stream waters have significantly lower 
TDS than Capulin Spring. 
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Figure 8 - (Center) Piper diagram showing major ion concentrations of waters from 
the Las Huertas watershed. Piper diagram shows waters are calcium bicarbonate 
dominated. Capulin Spring (blue boxes) has higher Cl and SO4 than Las Huertas 
spring and stream waters. The upper parallelogram indicates the Las Huertas spring 
and stream waters are within the Ca_Mg_HCO3 hydrochemical facies; Capulin 
Spring waters lie within the Ca_Mg_Cl_SO4 hydrochemical facies. (Upper Left) 
Piper diagram key from Frus, 2016. (Bottom Right) Simplified site map with sample 
points, faults and watershed boundaries for reference. 
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Figure 9 - Piper diagram showing hydrochemical facies of spring and stream waters 
from the Las Huertas watershed from this study (2021-2023) and previous studies 
(2012-2017) for comparison. Las Huertas spring and stream waters from this study and 
previous studies plot within the Ca_Mg_HCO3 hydrochemical facies. Capulin Spring 
waters collected for this study and previous studies plot within the Ca_Mg_HCO3 and 
the Ca_Mg_Cl_SO4 hydrochemical facies. (Right) Piper diagram key from Frus, 2016. 
(Bottom) Simplified site map with sample points and watershed boundaries for 
reference. 



66 
 

 

 

 

 

  

Figure 10 - Piper diagram including waters collected from the Las Huertas 
watershed from previous studies, this study, and Sandia Mountain Springs from 
previous studies and this study (Frus, 2016; DeLay et al., 2022). The upper 
parallelogram shows the Sandia Mountain springs plot primarily within the 
Ca_Mg_HCO3 hydrochemical facies, like Las Huertas springs, and into the 
sodium bicarbonate hydrochemical facies. 
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Figure 11 - Stable isotope values of dD and d18O for Las Huertas watershed waters from 
this study and previous studies and the surrounding Sandia Mountain Springs plotted 
relative to the Global Meteoric Water Line (GMWL)m showing the linear relation with a 
slope of 8 of global surface waters (Craig, 1961; Frus, 2016; DeLay et al., 2021). The 
blue line depicts the Placitas Local MWL (LMWL) plotted with a slope of 7.7 (Johnson 
and Campbell, 2002). Snow is generally lighter, while rain is heavier. Isotopologues from 
the Sandia Mountain and Las Huertas watershed waters generally cluster within the 
middle of the precipitation range. 
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Figure 12 - Plot showing a detailed view of water isotopologues from the Las Huertas 
watershed and the surrounding Sandia Mountains. Stream samples from the upper 
reaches of Las Huertas are generally lighter than downstream samples, which are 
progressively heavier downstream. Waters collected between Fall 2021 and Spring 2022 
and generally lighter than waters collected during Fall 2022 and Spring 2023. 
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Figure 13 - Piper diagram depicting hydrochemical facies of waters collected 
within the Las Huertas watershed and select springs from the surrounding Sandia 
Mountains. Las Huertas springs, Cienega Spring, and Tunnel Spring plot similarly 
within the Ca_Mg_HCO3 hydrochemical facies, suggesting recharge waters for 
these waters are interacting with the regional limestone aquifer. Capulin Spring 
waters plot distinctly different from the latter, with higher Cl and SO4, suggesting 
these waters have an alternative flow path to the surrounding springs, likely with 
longer residence time and interacting with a sulfate-rich lithology such as the 
Sandia formation sandstone. 
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Figure 14 - Stiff diagrams showing Las Huertas Springs (orange; CSP and ESP) 
and downstream samples (orange; NHS and CNM) from above and below the Las 
Huertas confluence with Capulin Canyon waters, respectively. Capulin Spring 
(blue) Stiff geometry significantly differs from the other springs modeled for this 
study.  This is inferred to be due to different flow paths of recharge waters 
between Las Huertas springs, Capulin Spring, and springs from the surrounding 
Sandia Mountains (pink and green; Tunnel Spring (TNS), Osha Springs (OHS), 
Cienega Spring (CNS), and Sulphur Spring (SLS)); likely also due to recharge 
waters for Capulin Spring having longer residence time and flowing through 
differing lithology from Las Huertas springs. 
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Figure 15 - NaCl cross plot for Las Huertas watershed waters collected from this 
study, previous studies, and Sandia Mountain Springs. Select Sandia Mountain 
springs (Osha, Sulfur, Tunnel, and Cienega) are painted pink and green squares. 
Capulin Spring (light blue boxes) has significantly higher NaCl than the 
remaining waters. Capulin Spring waters plot on a chloride-rich trend with 
increasing carbonate dissolution; however, NaCl values for Capulin Spring from 
this study are within the range of Capulin Spring waters from previous studies. 
The increasing chloride-rich trend has been inferred to represent water-rock 
interactions with calcium carbonate as groundwater flows through the Madera 
limestone (Frus, 2016; De Lay et al., 2022) 
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Figure 16 - All Las Huertas Springs and Streams and Capulin Spring samples 
have higher calcium concentrations than sulfate. An enrichment of sulfate of the 
Las Huertas Spring and Capulin Spring waters is not evident. Capulin Spring 
waters between 2012 and 2023 have the highest calcium concentrations from the 
Las Huertas watershed. 
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Figure 17 - Calcium concentrations and alkalinity (𝐻𝐻𝐻𝐻𝐻𝐻3−) for Huertas Springs 
and Stream, Capulin Spring, and Sandia Mountain Spring samples between 2012 
and 2023. Spring samples from Las Huertas, Capulin, and Sandia Mountains 
show enrichment of bicarbonate in these waters. Capulin Spring has some of the 
highest calcium bicarbonate concentrations. 
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Figure 18 - XY plot of stable isotopes (dD and d18O) of waters from the Las 
Huertas watershed and Sandia Mountains, as well as local precipitation events, 
plotted relative to the GMWL and Placitas LMWL (Craig, 1961; Johnson and 
Campbell 2002; Frus, 2016; DeLay et al., 2021). Combining the seasonal 
variability of Las Huertas and Sandia Mountain waters with precipitation 
seasonality creates a picture of hydrologic recharge that takes shape with winter 
and summer recharge zones somewhat overlapping (seasonal zones are modified 
from Frus, 2016 and Sharp, 2017). 

  



75 
 

 

 

Figure 19 - Cross plot showing dD values and Cl- concentration of waters in the 
Sandia Mountains, including the Las Huertas watershed waters, inferred to be 
meteoric waters interacting with the regional aquifer. Stable isotopes allow us to 
determine if these waters have been subjected to alteration from geothermal 
processes or evaporation. An increase in heavier dD values would reflect 
evaporation effects. Variations in dD and Cl- are not due to evaporation. 
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Figure 20 - Geologic map of the study region. Pennsylvanian Madera Limestone 
operates as the primary regional aquifer of the Las Huertas watershed, greatly 
influencing the water chemistry of Las Huertas spring and stream water. Springs 
and stream sample locations are depicted as triangles and circles, respectively. 
Orange stars represent observed travertine along the stream. Site map adapted from 
Connell et al., 2000 (Cross section A-A’); Read et al., 2000 (Cross section B-B’). 
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Figure 21 - A) Latitude cross section showing Sandia Crest and dip slope of the east 
portion of the Sandia Mountains. Las Huertas springs and Capulin Spring emerge 
alone on the limestone dip slope (Connell et al., 2000). B) Latitudinal cross section 
showing geology like the downstream section of Las Huertas (Read et al., 2000). 
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Figure 22 - Northern portion of the Las Huertas watershed showing furthest 
downstream locations from this study. Stream waters at North of Ditch Diversion 
(NDD) and Canon Media at NM165 (CNM) flow over the Madera Limestone unit 
(Ipm in light purple). Map adapted from Read et al., 2000. 
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Figure 23 - Map depicting the geology of the northern and middle portions 
of the Las Huertas watershed. Capulin Spring (CPS), Ellis Spring (ESP), 
and Camp Spring (CSP) lie on colluvium over the Madera limestone. The 
site location cluster in the inset shows stream water sample locations on the 
Sandia granite (pink). 
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Figure 24 - Geologic map of the southern portion of the Sandia Mountains near 
Sandia Crest Road, Cienega Spring (CNS), and Sulphur Spring (SLS). CNS and 
SLS lie on contacts of alluvium (yellow) and the Abo and Yeso Formations (light 
green) stratigraphically above the Madera formation. 
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Figure 25 - Site map showing Las Huertas watershed, specific springs from the 
surrounding Sandia Mountains (Cienega Spring (CNC), Sulfur Spring (SLS), Tree 
Spring (TS), Osha Spring (OHS), and Tunnel Spring (TNS)), and drainage flow 
paths. 
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Figure 26 - Downstream plots showing measured parameters (TDS, Temperature, pH, 
and δD) and calculated Total Inorganic Carbon (DIC) with respect to location 
downstream from Capulin Spring (CPS), Ellis Spring (EPS) and Camp Spring (CSP) to 
Las Huertas Downstream (LHD) in the lower reaches of Las Huertas stream. 

 



83 
 

 

 

Figure 27 - Additional downstream plots with calculated PCO2, modeled calcite 
precipitation, external carbon, and total carbon with respect to the downstream 
location along the Las Huertas mainstem. 
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