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HYDROCHEMISTRY OF AN ALPINE KARST SYSTEM, NORTHERN NEW

MEXICO: LAS HUERTAS

Kambray Townsend
B.S. Earth and Space Exploration (Geological Sciences)

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 CaCOs-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

COz is from the limestone aquifer and external COz, 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 COz-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



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 COz2 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, COz-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



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



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 Pefiasco 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).



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.



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



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



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
(uS/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 uM) and acidified with ~1ml concentrated



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. lon 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. lon 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

10



are reported in ratios of heavy to light isotopes, such as '*0/!°O 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

180

16
Rsample _ 0

R
5180 = (M— 1) x 1000 where

- 18
Rstandard Rstandard 0

160

Stable isotope composition is reported in parts per thousand (%o 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 %o error for 8'*0 and 2.0%o for 8D.
Duplicates were run at a ten percent frequency and were within the reported margins of

CITOor.

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 nS/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 uS/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 uS/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 uS/cm to 698 uS/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 uS/cm (Las Huertas Picnic Area) and highest at 726
puS/em (Capulin Canyon-1), with a mean conductivity of 540 uS/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 lIons 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 [CI] 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 8D and §'*0O 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 (8D = 8.0 * §'%0 + 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 8D and §'®0 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).

8D values for Capulin Spring waters range between -87.2 to -84.1 permil; §'*O
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 8'%0 of -12.5 permil and 8D of -85.4 permil. The heaviest
dD 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 (5'%0) and 0.5 permil (8D) 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 8D of -87.1 permil and §'*0 of -12.8 permil; Ellis Spring had a 8D of -12.8
permil and 8'%0 of -87.1 permil. Camp Spring and Ellis Spring water isotopologues vary
slightly by 0.01 §'%0 permil and 0.02 8D permil (i.e., within analytical error). Camp
Spring waters collected between 2012 and 2017 had a mean 8D value of -86.6 and 5'*0
of -12.5 permil; Ellis Spring waters had a mean 8D of -86.4 permil and 8'30 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 8D
permil and 0.6 §'80 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 8D permil lighter and 0.44 permil 8'30 lighter than
Capulin Canyon-1 and 0.1 permil 8D and 0.8 permil §'®0 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 §!%0 permil (NE of House
Spring) to -12.4 §'30 permil (Loop Trail), and hydrogen isotopologues range from -89.1
dD permil (NE of House Spring) to -84.2 6D 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 CI 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 8'30
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 8D (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 6D 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):
Ca?* + 2HCO3; & CaCO03 + H,0 + C0,(g)

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):
COz(gexty + H20 + CaC0O3 imestone) = Ca?(fq) + 2HCO5 (4q) (Eqn 1)

Ca?;q) + ZHCO;(aq) 4 COZ (g) + H20 + CaC03 (travertine) (Eqn 2)

Eqn. 1 represents COz-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 CaCOs3 dissolved by water depends on the COz present while
CaCO:s dissolves (Chafetz and Folk, 1984), often referred to as external CO2 (Cgext;
Crossey et al., 2009 and references therein). Ca* and HCOs™ 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 COz sources (Crossey et al., 2009). Degassing of CO2, which may be
caused by turbulence in the streamflow, occurs with the equilibration of CO: 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
~107° atm, and soils may have up to 10" atm due to respiration and the decay of
organic matter (Drever, 1982): the Pcoz increases (up to 1071 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 CO: entering the system (Cgext from Eqn.
(1) above (Drever, 1982; Crossey et al., 2009). If COz 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 Pcoz of the groundwater is higher than the atmospheric value, CO: 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 COz2 (initial atmospheric COz, 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 Pcoz 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 logPcoz 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 Pcoz indicates that emerging groundwaters
show considerable excess Pcoz relative to the atmosphere, consistent with observed
calcite precipitation. The modeled results indicate that in many cases, the Pcoz 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 Pcoz 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 (SiOz2). 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). Pcoz2 was also plotted with respect to downstream locations.
We see a similar trend as DIC with Pcoz, with higher values observed in the Fall months
and lower in the Spring. For the samples collected in the fall, Pcoz is higher for the
stream samples than the ESP spring waters, with the highest Pco2 at LHP. The higher Pcoz
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 Pefiasco 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 CaCOs-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 CaCOs3, 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 CO3 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 COz2) 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.

31



References

Babb II, Robert G., 1974. Cave Research Foundation, Edgewood Caverns, pp. 11-12.

Bailly-Comte, V., Jourde, H. and Pistre, S., 2009. Conceptualization and classification of
groundwater-surface water hydrodynamic interactions in karst watersheds: Case of the
karst watershed of the Coulazou River (Southern France). Journal of Hydrology, 376(3-

4), pp-456-462

Bauer, P.W., 2003. Albuquerque: A Guide to Its Geology and Culture (No. 18). New

Mexico Bureau of Geology & Mineral Resources.

Bethke, C. M. and S. Yeakel. 2017. The geochemist's workbench essentials guide, release

11. Aqueous Solutions, LLC, Champaign, Illinois.

Chafetz, H.S. and Folk, R.L., 1984. Travertines; depositional morphology and the

bacterially constructed constituents. Journal of Sedimentary Research, 54(1), pp.289-316.

Connell, S.D., Cather, S.M., Ilg, B., Karlstrom, K.E., Menne, B., Picha, M., Andronicus,
C., Read, A.S., Bauer, P.W. and Johnson, P.S., 2000. Geology of the Bernalillo and
Placitas quadrangles. Sandoval County, New Mexico: New Mexico Bureau of Mines and

Mineral Resources Open-File Geologic Map OF-GM, 2.

Craig, H., 1961. Standard for reporting concentrations of deuterium and oxygen-18 in

natural waters. Science, 133(3467), pp.1833-1834.

Crossey, L.C., Karlstrom, K.E., Dorsey, R., Pearce, J., Wan, E., Beard, L.S., Asmerom,
Y., Polyak, V., Crow, R.S., Cohen, A. and Bright, J., 2015. Importance of groundwater in

propagating downward integration of the 6-5 Ma Colorado River system: Geochemistry

32



of springs, travertines, and lacustrine carbonates of the Grand Canyon region over the

past 12 Ma. Geosphere, 11(3), pp.660-682.

Crossey, L.J., Fischer, T.P., Patchett, P.J., Karlstrom, K.E., Hilton, D.R., Newell, D.L.,
Huntoon, P., Reynolds, A.C. and De Leeuw, G.A., 2006. Dissected hydrologic system at
the Grand Canyon: Interaction between deeply derived fluids and plateau aquifer waters

in modern springs and travertine. Geology, 34(1), pp.25-28.

Crossey, L.J., Karlstrom, K.E., Schmandt, B., Crow, R.R., Colman, D.R., Cron, B.,
Takacs-Vesbach, C.D., Dahm, C.N., Northup, D.E., Hilton, D.R. and Ricketts, J.W., 2016.
Continental smokers couple mantle degassing and distinctive microbiology within

continents. Earth and Planetary Science Letters, 435, pp.22-30.

Crossey, L.J., Karlstrom, K.E., Springer, A.E., Newell, D., Hilton, D.R. and Fischer, T.,
2009. Degassing of mantle-derived CO2 and He from springs in the southern Colorado
Plateau region-Neotectonic connections and implications for groundwater systems.

Geological Society of America Bulletin, 121(7-8), pp.1034-1053.

DeLay, N., Crossey, L., Bixby, R., 2021. Cibola National Forest Spring Inventory
Addendum: Hydrogeochemical and Biological Analysis of Spring Waters, Sandia and

Manzano Mountains, New Mexico.

Drever, J.1., 1988. The geochemistry of natural waters (Vol. 437). Englewood Cliffs:

Prentice hall.

Elias, E., James, D., Heimel, S., Steele, C., Steltzer, H. and Dott, C., 2021. Implications
of observed changes in high mountain snow water storage, snowmelt timing and melt
window. Journal of Hydrology: Regional Studies, 35, p.100799.

33



Frus, R. J. 2016. Multidisciplinary work to determine hydrology of arid land springs and
how spring waters influence water quality and ecosystem health for desert environments.
Ph.D. Dissertation, the University of New Mexico Digital Repository, Albuquerque, New

Mexico.

Green, R.T., Painter, S.L., Sun, A. and Worthington, S.R., 2006. Groundwater

contamination in karst terranes. Water, Air, & Soil Pollution: Focus, 6, pp.157-170.

Griego, B. (2023) Hydrogeochemical analysis of springs in the Sandia Mountains, New

Mexico. Unpublished Undergraduate Thesis.

Healy, R.W., 2017. Chemical tracer methods.

Hou, X. and Jones, B.T., 2000. Inductively coupled plasma/optical emission

spectrometry. Encyclopedia of analytical chemistry, 2000, pp.9468-9485.

Jackson, P.E., 2000. Ion chromatography in environmental analysis. Encyclopedia of

analytical chemistry, 2779.

Jacobson, R.L. and Langmuir, D., 1974. Controls on the quality variations of some

carbonate spring waters. Journal of Hydrology, 23(3-4), pp.247-265.

Johnson, P.S. and Campbell, A., 2002. Hydrogeology and water resources of the Placitas
area, Sandoval County, New Mexico. New Mexico Bureau of Geology and Mineral

Resources.

Karlstrom, K.E., Dallmeyer, R.D. and Grambling, J.A., 1997. 40Ar/39Ar evidence for 1.4
Ga regional metamorphism in New Mexico: Implications for thermal evolution of

lithosphere in the southwestern USA. The Journal of Geology, 105(2), pp.205-224.

34



LeFevre, W. J. (1999). Geochemical characterization of geologically complex mountain
front aquifers: Placitas, New Mexico (thesis). New Mexico Institute of Mining and

Technology, Socorro, NM.

Lucas, S.G., Rowland, J.M., Kues, B.S., Estep, J.W. and Wilde, G.L., 1999. Uppermost
Pennsylvanian and Permian stratigraphy and biostratigraphy at Placitas, New Mexico.

Albuquerque geology: New Mexico Geological Society, Guidebook, 50, pp.281-292.

McCoy, K.J. and Blanchard, P.J., 2008. Precipitation, ground-water hydrology, and
recharge along the eastern slopes of the Sandia Mountains, Bernalillo County, New

Mexico. U. S. Geological Survey.

Myers, M.D., 2006. National field manual for the collection of water-quality data. US

Geol. Surv. Tech. Water Resour. Investig. Book, 9.

National Oceanic and Atmospheric Administration. (2022). Large decline in snowpack
across the U.S. West. https://www.climate.gov/news-features/understanding-

climate/large-declines-snowpack-across-us-west.

New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Hagan 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005, DEM

GeoTIFF, raster digital data, accessed June 22, 2023, at URL https://rgis.unm.edu/rgis6/.

New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Placitas 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005, DEM

GeoTIFF, raster digital data, accessed May 29, 2023, at URL https://rgis.unm.edu/rgis6/ .

35



New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Sandia Crest 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005,
DEM GeoTIFF, raster digital data, accessed May 29, 2023, at URL

https://rgis.unm.edu/rgis6/ .

New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Sandia Park 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005,
DEM GeoTIFF, raster digital data, accessed June 22, 2023, at URL

https://rgis.unm.edu/rgis6/.

New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Sedillo 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005, DEM

GeoTIFF, raster digital data, accessed June 22, 2023, at URL https://rgis.unm.edu/rgis6/.

New Mexico Geospatial Data Acquisition Coordination Committee (GDACC), State of
New Mexico, 2018, Tijeras 7.5 Minute Quad 35106, 10M Enhanced DEM, 2005, DEM

GeoTIFF, raster digital data, accessed June 22, 2023, at URL https://rgis.unm.edu/rgis6/.

New Mexico Natural Resources Conservation Service State Office (NRCS), 2019, New
Mexico HUC-8 Boundaries, vector digital data, accessed May 29, 2023, at URL

https://rgis.unm.edu/rgis6/ .

Noe, W., B. Davis, K. Townsend, A. Porter, L. Rotche, C. Traft, N. Gayoso, M. Hanttula,
R. Webb, B. Bixby (2021). UNM WR 573 Fall 2021 - Las Huertas data, HydroShare,

https://doi.org/10.4211/hs.ae2dd1¢92e1b4cd7b77d6115db1d8011

Parkhurst, D.L. and Appelo, C.A.J., 2013. Description of input and examples for
PHREEQC version 3-a computer program for speciation, batch-reaction, one-

36



dimensional transport, and inverse geochemical calculations. US geological survey

techniques and methods, 6(A43), p.497.

Piper, A.M. 1944. A graphical procedure in the geochemical interpretation of water

analyses: Geophysical Union Transactions. Vol. 25. p. 914-923.

Quinn, J.J., Tomasko, D. and Kuiper, J.A., 2006. Modeling complex flow in a karst

aquifer. Sedimentary Geology, 184(3-4), pp.343-351.

Read, A.S., Karlstrom, K.E., Connell, S., Kirby, E., Ferguson, C.A., llg, B., Osburn, G.R.,
Van Hart, D. and Pazzaglia, F.J., 2000. Geology of Sandia Crest quadrangle, Bernalillo
and Sandoval Counties, New Mexico. New Mexico Bureau of Mines and Mineral

Resources.

Rice, E.W., Bridgewater, L. and American Public Health Association eds., 2012. Standard
methods for the examination of water and wastewater (Vol. 10). Washington, DC:

American public health association.

Sharp, Z., 2017. Principles of stable isotope geochemistry.

Siirila-Woodburn, E.R., Rhoades, A.M., Hatchett, B.J., Huning, L.S., Szinai, J., Tague,
C., Nico, P.S., Feldman, D.R., Jones, A.D., Collins, W.D. and Kaatz, L., 2021. A low-to-
no snow future and its impacts on water resources in the western United States. Nature

Reviews Earth & Environment, 2(11), pp.800-819.

Springer, K.B., Manker, C.R. and Pigati, J.S., 2015. Dynamic response of desert wetlands
to abrupt climate change. Proceedings of the National Academy of Sciences, 112(47),

pp.14522-14526.

37



Stevens, L.E., Schenk, E.R. and Springer, A.E., 2021. Springs ecosystem classification.

Ecological Applications, 31(1), p.e2218.

United States Department of Agriculture, United States Forest Service. Las Huertas

Picnic Site. https://www.fs.usda.gov/recarea/cibola/recarea/?recid=64220

United States Environmental Protection Agency. (2022, July). Climate Change Indicators:
Snowpack. https://www.epa.gov/climate-indicators/climate-change-indicators-

snowpack#refl.

Williams, A.J., Crossey, L.J., Karlstrom, K.E., Newell, D., Person, M. and Woolsey, E.,
2013. Hydrogeochemistry of the Middle Rio Grande aquifer system-Fluid mixing and

salinization of the Rio Grande due to fault inputs. Chemical Geology, 351, pp.281-298.

38



0Ty S6'9] 2T | ¥0OT¥'90T- | I¥ZST'SE Apmig sy €20Z/11/S Weasumoq Hi OH1SETIN weansumog Hi aHl | ze
197 vrL ]| 60T | 99zZTv90T- | zzewz'se Apmis sy £20Z/TT/S | SOTWNN 3e EIP3|N UouE) THISEZLA SOTIAIN 1€ Elpaiy uoue) WND |  TE
78 €8'9| 76 |8T/TTF90T- | B6OSFYET'SE Apnig sy £202/TT/S | e3alydludld seuany se EHISEZ B3y J|Udld SEHaN|| sE] dH1 | o€
S¥S z6v| 6 | zzTivoor- | Teeszse Apmis sy £Z07/TT/S | e2ivy Bunjied dH1 anoqy T-uohue) ulnde) ealy Subjied dH1 noqy | 6z
16¥ IE E AL 98EET'GE Apnig sy £20Z/11/5 1e1] doo] ZHISEZA 1e1] dooq 1d1 (14
80S v8/| 96 | 80VI¥90T- | S/Z6TZSE Apmis sy £20Z/TT/S Funds asnoy o 3N THISEZIA Fuuds 5snoH Jo 3N SHN [ 7T
£65 st | vo | 90/0t'901- | 15092°SE Apnis siy| zZ0Z/11/11 UoISISAI] YU O N SHZZI uolsIsAId YOUd O N aan | e
809 erg| ¢ | TeZivoor- | szevese Apnis sy TZOZ/TT/IT| SOTWN 1€ EIP3|N UOUE) PHIHZZIN SOTIAIN 1€ EIpajy uoue) WND | €2
arE 809 | s's | Z41T¥90T- GVET'SE Apnis sy TZOT/TT/IT | eady dludlg sepany se EH1dZZ B3y 2|Udld SEUaNH SE] dH1| Tz
665 1 | &% | e6T1¥90T- | Szegese Apnis sy zz0z/11/11 jted] doo THHZZ jte1) doo 1d1 1z
¥9E a9 | 9 | f9TT¥'90T- | TewEr'sE Apnis sy zZ0z/11/11 dH1 ¥e 22uanjjuo) ¥SdI4TTIN dH1 & 2uanyuo) HD | oz
89€ 86'S| €9 |ISEIIF901- | 86VEOVEL SE Apnis sy zz0z/T1/11 Z-uoAue) uynde) z-uohue) uynde) ealy Jupjied dH1 1V 7D | sl
azs 87’9 | £ | TvTTY90T- VET'SE Apnis siy| 7Z0Z/TT/1T 1-uoAue) uynde) T-uohue) uinde) ealy Supjied dH1 anoqy 0| 8t
675 /8'/] ST |6ITLOF90T- | Z0Z668ST'SE Apnig siy| 7Z0Z/8T/S | SOTWN 1E BIp3|A uoue) p-HI1ZZLA SOTIAIN 1B eIpajy uoue) WND| ot
665 e | £°0T | T6STTV90T- | L6TEIVET'SE Apnis sy TTOZ/8T/S | ealy dludld seuany seq £-H1ZTLA E3.1Y 2|Udld SEUBNY SE] dH1 6
ags g8’/ | 61T | 86TT¥00T- | ZZ€£T°sE Apnig sy 7Z0Z/81/S Jie1] doo Z-HIZZLA 1] doo 1d1 8
789 ] 1T | SEvTy90T- | vEGTT'SE Apnis sy zzoe/8t/s Fupds ssnoH jo IN T-HIZTLA Fupds 5snoH 4o 3N SHN L
€09 v/ | STT | T8ETTF 90T~ | 86VEOVET SE Apmig sy 720Z/81/S Z-uoAue) uynde) ZSdOHTZELN ea1y FubIed dHT 1V 720 9
¥19 109 | £8 |ST/ITF90T- | 860STFET SE Apmis siy| 1Z0Z/9/1T | ealy dludld sepsny seq £-H1 3. J1Udld SEH3NH SE] dH1 ¥
189 509 | &/ |€190Z#901- | 20990/2Z'SE Apnig sy 120Z/9/11 1023 H1 Wesans yaIny Hl yaeay Jaddn sepany se nH1 €
(£20z-1Z0Z) Woa.3s souany su7
Syl ZZ's | 62 |spISTiooT- | Z0LLLLTTSE Apmis sy £202/TT/S dunds uynde) SdIETH supdg ulnde) 5dd 9z
6661 (79| £9 |SPISTF90T- | Z0LLL/TTSE Apmis sy zZ0Z/TT/11 Fuuds uynde) Sd4ZZ Fuuds ulnde) s | 11
0511 160 [ 2T | SPTSTY90T- | 20LLLLTTSE Apms sy 2202/81/S dundg uynde) SdJHTIZZ supdg ulnde) Sdd S
(gzoz-1Z0z) Buds ujndol
269 s8'9 | v'8 | 690Zv'90T- | €0/7T'SE Apnis sy 120Z/9/11 xog Suuds =113 s1j|3 1adoa) H *og Suuds |3 ds3 z
189 szs| &« | eg0zvoor- | s9gzese Apmag sty 1202/9/11 xog Buds dwe) xog yanyd H1 xog dunds dwe) ds) 1
(1z0z] sBuds soriany so7
wia/sn Hd e apn3iZuoy spmipe] 224n0g =ea uoljeso] # 9|dweg awep 335 124=1 a
Ayngianpue) dwaj sjdwes depy | anbiun

si232we.ed pjaly pue suojiedo| sjdwes ‘T 3|qel

39



085 508 | ST | €1Z1¥'901- | 8TEEZ'SE (zeoz "2 1= Ae12Q ‘9107 Snid) £10Z/1/9 B3y DUl SEH3NY SB 21y JlUd]d SEHaNH SB] B3y 21Ul SBHaNY S dH1| 8
€/5 EFRIERES ru U (zzoz "2 1= Ae13Q ‘9107 'sni4) 910Z//2/8 wesnsumog Hi weansumoq H weansumoq Hl 6H1| €8
979 IT8| 6T U “aru (zzoz |2 12 Ae120 ‘9T0T “snid) TI0Z/8¢/¢ g# Wweanjsumoq H g4 weasisumod Hi 8f Wealysumoq H 8H1 I8
&) gL ot ru U (zzoz "2 1= Ae12Q ‘9107 Sni4) 2102/82/L [# Weansumoq Hl [# weansumog Hi /# Weansumog H H1| 18
969 6.] & ru U (zZ0z "|e 32 AE13Q ‘9107 ‘sni4) 710Z/82/L 9 Weansumog Hi 9 Weansumogq Hl O Wea.nsumog Hl 9H1| o8
079 Wi e ru U (zzoz "|e 1= Ae1aqQ ‘9107 'sni4) 710T/8T/1 St WEa3suMog H1 S# weansumog Hi S WEeasuMoq H SH1| 6z
8E9 L] et ru U (zzoz "|= 12 Ae12Q ‘9107 'sni4) 710Z/82/L T# Weansumog H 4 Weansumogq Hl i Weansumog H vH1| 8¢
799 08| LTT ru ru (zzoz "8 3@ Ae12Q ‘9107 'sni4) TT0Z/8%/1 £ Weansumoq H1 £ Weansumog H1 £ Wesnsumoq H1 eH1| 1«
789 L] e ru U (zzoz "2 1= Ae12Q ‘9107 "snid) 2102/82/L T# Weansumoq Hl 7# weansumog Hi T# Weansumog H TH1| 9f
759 S| et Tu Tu (zzoz "1e 1= Ae13Q ‘9107 snid) 210Z/82/L T# Weansumog Hl T# weansumog Hi T# Weansumog H1 TH1| sz
1£9 197 | v | 00Z¥90T- | £S/TTSE (zzoz "|e 3@ Ae12Q ‘9107 'sni4) VI0Z/12/5 1033 H1 1a2 38 H1 yoeay saddn sepany seq nH1| €9
659 ST'8 | TOT | 0£0Z¥'90T- | €£S/TZ'SE (z2oz "|= 12 Ae12Q ‘9107 'snid) £102/22/8 10238 H1 102 1E H1 yoeay Jaddn sepany seq nH1| @9
679 06°L | €T | 0L0Zv90T- | €SLTT'SE (zzoz "|e 3@ Ae13Q ‘9107 'sni4) €T0Z/ET/L 1033 H1 102 3E H1 yoeay saddn sepany seq nH1| 19
909 st/ | &6 | ozozvool- | eS/TTSE (zzoz "|e 12 Ae12qQ ‘9107 'snid) TT0T/12/L 1033 H1 10218 H1 yaeay Jaddn sepany seq nH1| 09
(£10z-2102] Wpang sopanH sB7
ovoT e | 8¢ | scoTv9ol- | 9r9TTsE (zzoz "1e 3= Aelaq ‘9107 'snid) L10Z/11/E xog uds dwe) HI xog 4ds dwe) H xog suuds dwe) dsd v
819 899 | ¢4 | SL0T¥'901- | 9/9TT'SE (z2oz "|e 12 Ae12Q ‘9107 'snid) ©v102/12/5 ¥og Jds duwed H xog 4dg dwe) HJ xog Fuuds dwe) dso | €/
829 6L | 52 | scozvoor- | 9r9zTse (zzoz "|e 12 Ae12q 19107 snid) £102/72/8 x0g 1ds dwed 4 xog 4ds dwe) H xog Bunds dwe) dsD [
759 89| £'8 | sLoTv901- | 9/9TT’SE (zzoz "|e 1= Ae1aqQ ‘9107 'sni4) ET0T/ET/L %og 1ds duwed H xog 4dg dwe) Hi xog Fuuds dwe) a2 | 1
899 0zl | Lot | scozvoot- | 9rs9zTse (zzoz "|e 12 Ae12Q ‘9107 "snid) £T0Z/1/9 xog 1dg duwie) Hi xog 1dg dwe) H xog Suuds dwe) dsD 0/
9 9e’L | 04 | scozvoor- | 9rL9zTse (zzoz "1e 32 Ae2q ‘9107 'snid) TT0z/1T/L xog 1ds dwe) Hi xog 4ds dwe) {1 xog Buuds dwe) dsd 69
S19 €€'8 | €L | ¥90T¥'90T- | ¥OLTT'SE (zzoz "2 1= Ae12Q ‘9107 "snid) 910Z/62/0T xog sl|3 18 H1 Xog si|]3 38 H1 xog Suuds 5| ds3 | 89
759 1002 €L | ¥90T¥'90T- | ¥0LTT'SE (zzoz "|e 12 AE13Q ‘9107 'sni4) V10Z/12/5 xog sl||3 18 H1 ¥0g si|]3 18 H1 xog 3uuds si||3 ds3 | /9
169 67| €+ | ¥90Tv90l- | vOLTT'SE (zzoz "|e 3@ Ae12Q ‘9107 'sni4) £10Z/72/8 xoq sl||3 18 H1 %0q SI||3 38 H1 xog Suuds si ds3 | 99
/59 6.9 T4 | ¥90T¥'90T- | ¥0LTZ'SE (z2oz "|e 1= Ae12Q ‘9107 'snid) £T0Z/ET/L xoq sl||3 18 H1 %0q SI||3 18 H1 xog Fuuds s| ds3 | s9
€79 72| viL | ¥90Zv90l- | vOLTTSE (zzoz "|e 12 Ae13Q ‘9107 'sni4) Z10z/12/L xog si||3 1e H1 X0g s1|]3 1€ H xog Suuds s dsa | w9
/59 69| T4 | vo0Tv'o0l- | v0LTT'SE (zzoz "2 1= Ae12Q ‘9107 Sni4) £T0Z/T/9 og Fuuds 5113 xog Funds sij|3 xog Sunds s| ds3 | €5
(£102-2T0Z) sbuLidg sbliany so7
[an; 69| T'6 | €EIST¥90l- | OLLIT'SE (zzoz "|e 3@ AE12Q ‘9107 'sni4) L10Z/91/€ jie1] Ayneq Fuuds unded sd) | is
801 9/°f |vv' 11| €1ST¥90T- | OLLTZ'SE (zzoz "|e 12 Ae12Q ‘9107 'snid) 9102/62/01 jie1] Ayneq Suuds undey sdd | 95
9071 850 | ©°ZT | €IST¥90T- | 0ZLTZ'SE (zzoz "|e 1@ AE13Q ‘9107 ‘sni4) 910Z/82/8 j1e1] Ayneq jte1) Ayneq suuds ulnded sdd| ss
0v0T 88'9 | ru | €7ST¥'90T- | O0LLTTSE (zzoz "|e 1= Ae1aq ‘9107 'sni4) TT0T/ET/9 |le1] Ayneq lteag Ayneq Suuds ulnden sdd) | ws
U el | ru | €1ST490T- | 0LLTTSE (zzoz "|e 12 Ae12Q 19107 "snid) £102/01/8 sunds uynde) supidg ulnde) supidg ulnde) SdD Sp
9T6T 0£'L | OTT | €TSTVP90T- | OLLITSE (zzoz "Ie 3@ AeT2Q ‘9107 'snid) £10Z/91/¢ duuds uynde) Sunds ulnde) duuds ulnde) Sdd 2
TOLT 0z'g | 90T | €15T¥'901- | 0//1Z'SE (zzoz "|e 12 Ae12qQ ‘9107 ‘sni4) 910Z/62/0T Suuds uinde) Buuds uindey Suuds undey sd) | v
V16 vl | sot | ersTvoor- | oLitTsE (zzoz "|e 12 Ae1aq ‘9107 "snid) 910Z/L2/8 sundg uyinde) Fupdg ulnde) suudg ulnde) SdD v
0T8T 99 | 601 | €1sT¥90T- | o0L/TTSE (zzoz "1e 3= Aelaq ‘9107 "snid) £10Z/8/9 3uuds uynde) Sunds uinde) Buuds uyndey Sdd v
09T 19| ru | oersTvo0T- | 0L4TTSE (zzoz "|e 12 Ae13Q ‘9107 "snid) ZT0Z/€1/9 guuds uinde) supds ulnde) supds ulnde) SdD ov
(£T0Z-ZT0Z) Bulds ujndo)
wa/sn Hd 2 apnjiZuo spny3eq 201n0g =Ea uoljeso # 3|dweg awep 235 1291 a
Aynpianpuen dwa) sdwes depy | =anbiun

si@j@weled p|a)y pue suopeso] ajdwes T 3|qeL

40



U u | oru "1u Iu (zzoz '|= 12 Ae12Q ‘910T ‘snidq) U duudg esaua) Juudsg esaua) dunudsg egauan SND 3T
ru au | oru U Iru (zzoz '|= 1@ Aem2 ‘9T0T ‘snud) ru Suudg eSaualy Bunds edaual) Bunds edauan sND | ZvT
U U ru "1u Iru (zzoz '|2 12 Ae72Q ‘9T0T “snid) U Fuudg edauai) Fuudg edaua) Buudg efauapn SND apT
1y aru I 1'u “Jru (zzoz '|= 12 Aeq2 ‘910T ‘snud) 1ru Suudg edaualy Bunds edaual) Bunds edauan SND SHT
995 e | €71 | 98sEv90T- | ETTBISE (zz0z "2 32 AE13Q 19T0T ‘SNi4) ET0Z/1/9 Jupdg jpuun] suudg |auun | dupdg |auun| SNL | 66
€95 €90 | ST | SLEBE90T- | SESHO'SE (zzoz '|2 1= Ae12Q 9107 Sni4) L10T/L1/E s||E4 BuUIHBABL| slle4 suiHanel] s||e4 SuaAEl | SAL 86
755 80°8 | O°CT | S/E6E90T- | BESHD'SE (z20z '|e 32 AE720 '9T0T SNni4) 910Z/0€/0T S||e4 BUILIBARI | S|leq aurpanel) s|led4 aunanel| SAL| s6
165 /6'9 | €T | szeee90T- | 8ESE0'SE (zzoz |2 12 Ae12Q ‘9107 ‘sni4) 9T0Z/42/8 s||ed auluaned | s||ed suraael | s|jed sunanel | SAL| 96
ST9 ¥I°2 | T€T | sie6e90T- | 8ESe0'SE (zz0z "2 32 AE13Q ‘9TOT ‘SNi4) 710Z/S/L s||ed aujuanel | s||ed sumiaAel ) s|led sunusael | SAL| <6
BGET 60 | vTT | seee90T- | sESe0'SE (zzoz "2 12 Ae12Q ‘9107 ‘Sni4) £T07/8/9 s||ed auluaned | s||ed suraael ] s|jed sunanel | SAL| 6
579 /02| 01T | v8zEE90T- | 669ST'SE (zz0z "2 32 AE13Q 19T0T ‘SNi4) LT0Z/12/L suudgouio] Supdg o.1o) Supdg o1o] il | €6
85t 92| 66 | 906Ev90T- | 8I860°SE (zzoz '|2 1= Ae12Q 9107 Sni4) LTOT/LT/E Fupds ung a1y | Fupds ung a3ay| Fupds ung saay| soL| s
78r S8/ | 9°TT | 90BEY90T- | 8I860°SE (z20z '|e 32 AE720 '9T0T SNni4) 910Z/9/1T supdg ung aaiy| Supdg ung 331y | Jupdg ung aauy| oL 16
S8v (ve | 6°€T | £99/€90T- | VIELT'SE (zzoz 1= 1= Ae13Q ‘9107 ‘Sni4) T102/12/5 sguuds unyd|ng sguudg anyding sduuds unyding s1S | 06
€71 108 | 881 | cosO¥90T- | T89/0°SE (zz0z "2 12 AE13Q 9107 'sni4) Z10Z/61/9 sdundg uansg sBuLIdg UaA3g sBuLdS UBA3G 53 68
Siv ¥vi'L| §¢ | SBESK'90T- | TGOET'SE (zzoz "2 1= Ae12Q ‘9107 'Sni4) LT0TZ/8T/E Fuuds 0sQ duuds osQ dunds osQ S0 88
£65 02| 6 | 9s/sy901- | TrEETSE (zzoz '1e 12 Ae13Q 9107 Snu4) 910Z/9/T1T (y31H) Sunds osp (ysiy) Sunds oz (ysH) Buudg osQ HsO | /8
ru 6L | "ru | 8558€'90T- | 0T8TT'SE (zzoz "2 1= Ae13Q ‘9T0T 'Sni4) TT02/1T/6 Fuuds pniy Suuds pnpy Suuds pniy KR
295 vE'L| STT | 8558€°90T- | 0T8TTSE (zz0z '1e 12 Ae13Q ‘9107 Sni4) z10z/5/9 Sunds pniy Juuds pnpy Fuudg pnpy SNN| <8
(3 ars | £zz | T188€90T- | 0/860°SE (zzoz '|e 32 Ae12Q '9T0T ‘sni4) 710Z/92/9 |e13u=) S219qoH |e13U) 531GGOH |eJjua) saIGqoH SOH | 65
€071 €6’/ | £'6T | €Ze0v90T- | szZSiose (Z20Z '|= 32 AE12Q '9T0T 'sni4) 710Z/61/9 153\ S3UBID 153\ S3uBID 1530 s3I mo | s8s
165 0L | T'TT | 9068€'90T- | [TSET'SE (zzoz "2 1= Ae12Q ‘9107 'Sni4) LTOT/VT/L Supds sj0D Fuuds 5j0) Fuuds sj0) sod | s
065 91'L | 00T | 9068€'90T- | /1S€T°SE (zzoz '1e 12 Ae13Q 9107 Snu4) 102/12/S Suuds 3j0) 3uudg 3j0) 3uuds 3j0) sod | 18
8S 0L | T'OT | ¥OWBE'90T- | TVEIT'SE (zzoz "2 1= Ae13Q ‘9T0T 'Sni4) LT0T/5T/E Bupds edual) Suuds eduai) Suunds eduai) SND | oS
19 SLL| 97T | vO8E90T- | ZPE9T'SE (zz0z '1e 12 Ae13Q ‘9107 Sni4) 910Z/62/01 3unds efual) Suudg edual) Bunds edual) SND | et
S19 929 | 60T | vovge'90T- | Zwe9T'SE (zzoz "12 3= Ael2q ‘9107 “snu4) 910Z/8Z/8 Bupds edual) Buuds eduai) Sunds eduai) sN) | er
719 19| 1'8 | vorge90T- | Zwe9r'sE (zzoz '12 12 Ae12Q 9107 Snu4) zr0z/s/L 3uuds efual) Suudg edual) Buuds edual) SND | v
795 €99 | 00T | vovge'90T- | Zwe9T'SE (zzoz "1e 3= Ael2q ‘9107 “snu4) T10Z/61/v Bupds edual) Suuds eduai) Sunds eduai) sND | or
S6Y 160 | £0T | ZoesE90T- | E¥ovISE (zzoz "= 12 Ae120 9107 'Sni4) ZT0Z/1T/L ojououe) ojpuoue) ojbuoue) s | es
T/ET 762 | 581 | ozsov90T- | o0f£8/0°SE (zzoz '|e 3@ Ae12a '9T0T 'Sni4) 710Z/61/9 153\ Japiog 153\ Jeplog 153/ J3piog ma | st
€921 €L | 64T | OTT0F90T- | EE6/0°GE (Z20z '|= 3= Ae720 9107 'Sn4) 2102/92/9 3se3 Japiog 1se3 J3piog 15e3 Japiog T L€
819 1L | v'e | 0e88e'90T- | €9s5TSE (zzoz "2 32 Ae13a 9107 sni4) L102/91/€ Bupds ofiuuy Funds ofiway Funds ofiuuy sdv | 9¢
299 s0'8 | 11T | 0688€'90T- | £955T°SE (z2oz '|= 32 Ae12Q ‘9107 'snid) 910Z/0£/01 Suuds ofluy Fupds ofiuy Fuuds ofiuuy suv | sE
60L gcL | €01 | 0B88E'90T- | €9s5T'SE (zzoz "1e 32 Ae13a f910E snu4) 910¢/82/8 Bupds ofiuuy Funds ofiwiy Fuuds ofiuuy sdv | ve
TS /59| v'8 | 06BBE'90T- | €£95ST°SE (zzoz "= 1= Ae120 9107 'Snid) 10e/ee/y Suuds ofluuy Fupds ofiuy Supds ofiuuy suv | eg
134 96'9 | £'TT | 89Z5¥'90T- | SGOET'SE 270z ;nnsul diyspremals sunds | zzoz/€z/8 3uuds osp duudg 0sQ dunds osp SO a1
LTY (12| 6'€T | 899/€790T- | OTELT'SE Z20¢ ;nnsy diyspremais sunds | zzoz/sz/8 Fuuds anyjng suuds Jny|ng Supds unyjng SS ST
975 sg'9 | 0T | €0s8£'90T- | 6569T°SE Zz0ez aannsu) diyspiemsls Sunds | zzoz/Le/e duuds edauai) Buuds edauai) Sunds edausn sNo | vT
7191 (29| 11 | 8szov90T- | 1SE6T'SE 770z nnsu diyspiemals Sunds | 2z0//Z/8 Suuds 33.] Fuuds 331] Funds 331 S1 €T
105 s6'9 | £'01 | zoeee'90T- | 2£9¥ISE Zzoez amnnsu) diyspiemsls Sunds | zzoz/9¢/2 s8unds opuoue) sdunds oypuoue) sguuds oyououe) [55) 43
099 902 | 62T | OF9EF'90T- | 009FT'SE Zz0z :nnsu) diyspiemals sunds | zzoz/ve/s Juuds eysp Sunds eysp suuds eysQ SHO| 11
(ezoz
-Z10Z) sbunds umpjunopy pipuns
wa/sn Hd 9 apnyiZuo] spmyze] 20inog sea uoljeso] # 9|dweg Iwep 235 124%1 a
Anaianpuo) dwa) sdwes depy | anbiun

siaj@we.ed pjaly pue suopieso| sjdwes 'T 3|qel

41



Ta YT T o, Tu {zzoz ‘12 3@ Ae12Q ‘910z '5n43) Tu Bupds eBaua) Fuuds efauay Bupds edauald SND | wT
U Iy U U Iru (zzoz '|e 12 Ae12a ‘9107 ‘snid) "Iy Buudsg edausiy Buuds e3ausiy Suuds eSausy SN /T
Iy Y] U ] Iy (2z0z "|e 12 AeT2Q ‘9107 'snid) "1y duudg edauar) Fuudg esaua1) Fuudg esaua)y SND LT
U 1 1ru 1ru “1ru (220Z "|e 12 AeT2Q ‘9107 "snid) “Iu duudg eaual) Bundg eSauUa1) Funudg eSauUa1) SND /T
Iy Iru Iru U I (zzoz "|e 12 Ae2Q ‘9107 ‘snid) “Iru Fuuds edauan Buuds edaus1)y Bundsg eSauay SND 0LT
U U | au U 1ru (zzoz |2 32 Aev2q ‘9T0E snid) Iu Suuds eSauay Suuds eBauaiy Funds eSauaiy SN2 69T
Tu TU | Tu Tu ru (zzoz '[2 3= Kke120 1910 '=nid) ru Bunds edauap Bupds egaus1) supds e33uay SN | 891
U au | oru ru 1u (zzoz "|e 12 Ae2Q ‘9107 ‘snid) Iru Guunds edaua) Buuds edaual) Sunds edauar) SND £91
Tu Tu | ru Tu Tu [zzoz '1e 32 kev2q ‘9tT0g =nid) Tu Sunds eSauay Junds efauaiy Funds eSauaiy SN2 991
Tu TU | Tu U Tu (zz0z '[® 3= Ae120 1910 ‘=N U Bupds edausn Bupds egaus1) supdg e33uay SN) | s9t
Tu TU | Tu Tu ru (zzoz "2 35 Ke130 '910¢ '5nid) ru Bupids edauap Bupdg egauar) supdg e3auay SN | v9T
U au | oru ru 1ru (zzoz "|e 12 Ae120 ‘9107 ‘snid) Iru Buunds e8auai) Buuds eBaus) Buuds eBaual) SND €91
U 1y U U 1 [zzoz "= 1@ Re12q ‘9107 'snid) "1y Fuudg e3auan) Bunds edaualy Bunds e3aus) SND 791
1u u | oru 1u U (2Z0Z "|e 12 AeT13Q ‘9T0T ‘snid) ru uudg efauar) Buudg edauar) Buudg edaual) SND 191
1u u | oru “1u 1u (zzoz "|e 12 AeT2a ‘9107 ‘snid) ru Fuuds edaus) Buuds edausi) Buuds edauai) SND 091
"1u au | oru Iy Iu [zzoz "2 1@ Re12Q ‘9107 "snid]) Iru Suuds e3auan Bunds e8aualy Sunds eBauain SND 65T
U 1u U 1ru T (zzZ0z "|e 12 Ae12Q '9T0T 'snid) “1ru uudg edauai) Buudg edauar) Buudg edausiy SND asT
Iy Iy Iu U I (zzoz "|e 12 Ae2Q ‘9107 ‘snid) “Iru Fuudsg efauai) Buuds edausi) Buudg edausin SND /ST
1'u U U U U (zzoz "2 12 Ae12q ‘9107 'snid) U Suuds edauan Bunds eBauaiy Buuds edausi) SND 95T
1u au [ ru Iy 1'u [zzoz "= 1= Ae12@ ‘9107 'snid) Iru Suudg e3aua) Bundsg edaual) Sunds edauaiy SND qsT
U Ty Iu 1y ru (zzoz "|e 12 Ael2Q ‘9107 ‘snid) ru 3uudg efauar) Buudg edauar) Buudg edausi)y SND vST
"1u Ju | oru Iy 1'u [zzoz e 12 Re12q ‘9107 snid) ru Fuuds edaua) Bunds eBauai) Sunds eBauain SND €5t
ru 1y U U I [zzot '|e 3@ Ae12Q ‘9T0T 'snid) "Iy 3uuds e3auan) Bunds edaualy Bunds e3aual) SND 7sT
Tu Tu | Tu Tu ru (zzoz ‘I8 35 Ae13 '910¢ '5nid) ru Bupids edauap upidg egauar) supdg e3auay SN | 1ST
U au | oru ru 1u (zzoz "|e 12 Ae2Q ‘9T0T ‘snid) Iru Buunds edauai) Bunds edauai) Sunds edauan) SND 0sT
U Iru U U 1 [zzoz "2 1@ Ae12@ ‘9107 'snid) "1y Funds edauay Buuds eBauany Bunds eSauay SND 6FT

wofsn 2. 21=Q 129=1 ai

Kinaianpuo Hd dwsy apn3duo] spnae] 204n0g sjduwes uoijeso] # 9)dwes IweN S depy | snbun

sisiaweded p|al pue suoljedo| s|dwes ‘T 3|qel

42



agoud yum wafsn ul AJAISNPUOD paunsesw wa/sn Apaianpuo)

aqoud yim paunseaw a|dwes jo Hd Hd

a|dwes Ja1em Jo 2unjesadwa] 3, dway
ulesy e 3ulsn 31s 5§49 apnyduol
ulues e 3ulsn 311s 49 apnne]
"woly pa)iduwiod sem e1ep alaym sa1ealpu| 321nog
(AAAA/QQ/IN) uoneoo| 2jdwes jo =1eQ 21eq 2)dwes
s|zqe| dew oy uoneso| ayus Aq paudisse apod |2qe depy
uoneso| Joj aweu dydesfoag uoneso
uona3|joa Supnp paudisse Jaqunu 3|dweg # adweg
uonedl0| uo paseq pauldisse aweu 115 awep Fuuds
122yspeasds Jaisely woly paudisse Jaquuiny ai =nbiun

pauodal jou -1u

195 78'% | ¥'IT | €0S8E€'90T- | 8S69T'SE Apnag siyL £20Z/11/S dupds edausp) Jupds egsusi) Jupds edausp) SND | Tee
LV 69 | 8°ST | 6666£°901- | ¥0O880°SE Apnas siyL £70Z/T1/S Bunds oyped Funds oypue] Bunds oupes s¥d | ofz
ru U | ru ru ru (zzoz 1= 12 Ae12q ‘9107 ‘snid) Iru Junds Suoqooqg Fuuds Juo7 20g Bunds Buoq 2oQg 51a /381
1ru U | aru "1u 1 (202 "|= 32 Ae72Q ‘9107 ‘snid) ru Fundg Fuo 2og duudg Fuoq 20Q Juudg 5uoT 20q 510 981
U Tu | ru "1u U (2202 "|2 12 Ae72Q 9107 ‘snid) Iy dupdg duo 2og duudg Fuoq 20Qg duudg 5uoT 20Q [S4] [=30
1y U | ru U U (zz0z |2 12 Ae2Q ‘9107 ‘snid) Iy Suuds Suo 2og Buudsg Juoq 20Qg Huuds Suo 20q 510 81
ru ru | oru Iy ru (zzoz |2 12 Ae13q ‘9T0T ‘snid) ru 150 Bunds eSauan 150 Buuds eBausn 150 Bunds e3aual) snNo | esT
U U | au U 1 (zz02 °|2 12 Ae72Q ‘9107 ‘snid) ru Fuudg edauay Fuudg esaua1) Fundg edauar) SND 781
U U | ru 1u U (2202 °|2 12 Ae73Q ‘9TOT ‘snid) ru Buudg edaualy Suudg eSausi) Fundg edauar) SND 121
U U | ru “1u U (zzoz |2 12 AeT2Q ‘9107 ‘snid) Iy Fuuds edauan Fuuds esausiy Fuuds edausr) SNI 081
ru U | oru Iy ru (zzoz 1= 12 Ae12q ‘9107 snid) Iru Buuds edaua Buuds eFaualy Funds eFaual) sND | 64T
U U | aru U U (zz02 "|= 12 Ae72Q 19107 ‘snid) ru Buudg edauay Fuudg esaua1) Fuudg edauar) SND arT
U U | ru 1u U (zzZ0Z °|2 12 Ae73Q ‘9TOT ‘snid) ru Buudg edauaiy Suudg eSausi)y Fundg edauar) SND T
1u U | ru "1u 1y (zzoz |2 12 Ae2Q ‘9107 ‘snid) Iy Buuds edauann Buuds eSausiy Funds efausy SNI 9/1
ru ru | ru ru ru (zzoz 1= 12 Ae12q ‘9107 ‘snid) Iru Buuds edauan Buuds eSauay Funds eSaualy sno | ss1
Hd e 2pn3Euo] spnae 204n0g =3=a uoljeso] # 9|dwes awepN 218 [24=1 a
dwa) sjdwes depy | =nbiun

si@ysweled pjay pue suonelo| sjdwes ‘T 3|qeL

43



6T 96 | 062 | 65681 60 | OTT | TE | 919 £20Z/1T/s weansumog H1 OHISEZIN]  ZE
¥'s- T6 | L2 | €712 60 | zot | 62 | 0’99 £20Z/11/5 SOTIAN 3B BIP3JA UOUR) PHISEZDN| 1£
T's- 88 | £5¢ | €£¥EL ot | Tt | TE | ¥POL £20Z/1T/S BaJY J1UDId SELANY SE] EHISEZIN| Of
86 66 | ¥SE | t'Z9¢ 60 | 0sT | S | #'TL £20Z/11/5 T-ucAued uinde) T-ucAued uinded[ gz
€G- ve | €92 | 8522 60 | vOoT | 0E | T'69 £20Z/11/5 lles] doot THISEZN| 8T
8'9- 06 | £82 | 08g 60 | €01 | 62 | ¥'TL £20Z/1T/s duuds asnoH jo IN THISEZN| /2
00 | £9T | L7 | e0ze €T | 6%2 | £v | 506 | ezzoz/Tr/TT uois1aAId Y2la JO N SHHZED| vz
TZ | ¥9T | 669 | 0'8BEC €T | evz | 2v | 9706 | ezoz/Tr/TT SOTIAN 18 BIp3JA uoued vHHZZ | €T
g0 |o0gr | 289 | zosZ €1 | z9z | ov | 866 | zzoz/t/TT BaJy J1UJId SEANH SE] EHMHZZD| 7z
o1 | 08r | ¥99 | £95z €1 | ziz | 8| 196 | ezoz/ir/TT lles] doot THHZED| 1z
6T | T9T | T'eL | £'692 €T | eve | ey | £'66 | zzoz/ti/TT |JUBNJUOD HT PuUe ID vSdddze | ot
0Z- | ¢9r | Z€9 | 9ZoE €1 | vzz | 9% |980T | ezoz/ir/TT z-uodued uinde) z-ucAued uinded| 61
ST | 091 | 999 | £T62 €T | v | 2v |svTT| ezoz/Tr/TT T-uoAued ujndes T-ucAued uindes| gt
£€¢- | 501 | £89 | 66ST L0 |69t | 2w | ££9 zz0z/81/s SOTIAN 1€ BIp3JA UouE) v-H1ZzD| o1
5Z- | €01 | 09L | T'8Ze 80 | 80z | 8 | ¥'16 7Z0Z/81/5 BAJY JIUDId SEUANY SE] eH1IZED| 6
0T- | 90T | 4L | 60ZC 80 | o€z | L€ | 0T6 zz0z/81/s le) doot T-HIZZD| 8
50- | €01 | 508 | T'zie 0T | ¥'sz | € |s'60T | zzoe/sr/s duuds asnoH jo IN T-HZe| ¢
80- | TOT | 0E9 | #'2Z9z 80 | €41 | 0% |6TOT | zeoe/si/s z-uoAued uinded TSdOH1IZZDI| 9
16 L | TE9 | tI0E 80 | T4T | 0% |S00T | T1ZoE/o/TT BaJy J1Udid SEIIBNH SE] EHll ¥
g0 66 | 509 | 6762 ot | z4T | TE |o9TT | TtEoe/o/TT yoeay Jaddn seyany seq wesns yunyd Hl| €
(£Z0Z-TZ0Z] wDass soany so7
9'G6- | 8¢l |[€€EE| L'TI6E z1 | £88 | z’s |ezoz | szoz/TT/S 3upds unnde) SdJEZHT| o
96- | T'LZ |€T0S| 96ZF LT |g0etT| 0L |[£z9g| ezoz/ir/Tn duyids unnde) sdddzzi| 1
6'6- | 90 |T'v0S| ETUV €T |642T| £'9 |£sLe| zzoz/sr/s dupds uynden sdOH1ZZDI| ¢
{ezoz-TZ0Z) Bupds ujndo)
9T 00T | 0E9 | 8'L6T 60 | #'£T | TE |T'TET| TtROT/9/TT xog duuds 1|13 duudssya|  z
£0 66 | 199 | 676 OT | T4T | T€ |6£TT | T120T/9/TT xog 8ulds dwe) Suudsdwen| T
(rzoz) sbupuds souany so7
0u3%| vOS | 1D | Awueyv | Ao eN | 8w | e | sjeqadwes awep ays # aydwes usm__cz

suoj Jole "z ?|qel

44



6'8 T6 |T'80T| €'S62 T | vy | 9% |99pT | T0T/il/E Junds dwe) xog Jds dwey {1 w7
£0- S/ | 89€ | 8'00E 60 | S€T | 22 |v¥OT | vioT/TE/S Juuds dwe) xog sdsdwes Hi| €7
TT- £'6 | P99 | €68 <o | 8T | € |z2ZrT| <croe/ze/e Juuds dwe) xogdsdwes Hi| g7
8- S6 | €/F | 6'SBT 60 | 2T | ¢€ |9TO0T| <€rOT/ET/L dupds dwe) xog Jdsdwed Hl[ Tz
TE- 56 | €6F | 9'68C 0T | S€T | €€ |[£TOT £10Z/T/9 Junds dwe) xog Jdsdwed H1| o7
LT 86 | L9E | S'v6E 80 | 0gz | 62 |0g0T | zroE/TE/L Juuds dwe) xog Jds dwes H1| g9
75 v'6 | 96F | L'8OE 80 | 12T | € [6TOT | ot0ZfEE/OT duuds sij13 89
r'0- 8. | 9ZF | 6'E0E 90 | €41 | 62 |gs0T| vroz/TE/s duuds si113 L9
T L6 | 069 | 968 |«PQ|SLT | TE [8TIT| e10z/ze/s dupds 5|13 dupdssy3| 99
9'Z- 96 | L'VS 6782 60 | 6'TT | T'E |€S0T| eroz/et/e dupds s1j13 dupdssia|  s9
9Z 66 | €96 | t'ELT 60 | €TT | 0 [Z¥0T| zroe/te/e duuds sij13 dupdssaf  vo
€€ S6 | L8F | Twit 0T | T¥T | ¥'€ [P TTT £10Z/1/9 dupds 5113 upds 3| €5
(£T0Z-ZTOZ) Sbupds souany so1
oy | LSk | 66 | £'ZOV €T | 0SE [SvT 92T |  sroe/et/e dunds uinden nesL Ayneq| /g
66 | tiv [£6TT| 990F €T | L€ |STT|Z4bT | 9t02/6Z/0T dupdg uinded lesg Ayneq|  og
90 | 585 |9FPIT| 9'96E €T | £vE |0OET|T0LT| or0z/8e/e dupds uinde) lleal Ayned| g
6E- | T6E | ¥Z6 | vLIV ST | ¥'TIE |OTT|6°EPT | zrOT/ET/O dunds uindes lesL Ayned[  pg
L€ ot |£99€| 80P €T |eT1er| 59 [1'5ez| sroe/ot/s dunds uinden dupds undea|  sp
TS v'IT | 2'6L2| ©LTH 27 | vv6e | 002 |TLEE|  fT0E/AT/E Sulds unden Juuds undes| gy
ST- | OFT [80SE| Z'6TF €T | £'66 | €9 |6°€€C| oroz/izse Sunds uindes Suuds undes|  zp
v L6 |EWLT| TS0V €T | 298 | 8'S |V'CEC ET0Z/8/9 Supids ulnden dupdsunndes| 1y
60 1 |zeer| sTOv 0T | £98 | ¥'s |Zv0oz| zioe/et/e dunds uinden dupds unndes|  op
(£T0Z-ZT0Z) Pupds ujindo)
Jou3% | vOS | 1D | Auuneyy | N EN | 8w | e> | =1eqgsdwes awenN 33s # ajdwes usm__cz

suoj Joley ‘'z ajqelL

45



70 66 | £6 S'6ZE 80 | 65 |[zs |ovoT| croz/sie Sunds eduay duuds eSuaip] g
L9 6'€ET | ¥'FI L'0ZE 80 9 0's | €06 910Z/6Z/0T Jupds eduap duids eduaiy ¥
80 8€El | 69T 6'0ZE 80 S'9 e’ | 80T 910Z/87/8 Bupnds e3ua|) duids edua) s
6T TEL | €41 G'GTE 20 69 | 8 |T60T ZI0Z/S/L duuds eduan Sunds eSuan| sy
T €0T | O'ET 8°'0EE 20 89 S% | 9'86 ZT0Z/6T/¥ dunds e8uan dunds e3ua) ay
Iru Iu ru Iu Iu Jru | au | rug, 75D Sunds efauap) 1SD 8unds edauad| gRT
¥’ E0T | 89T T'EEE Tr | 85 | 95 |ZTZT E20Z/TT/S Buyuds eauz|) duuds edauad| 17
S'E 0'€EC | 801 S'9%e £t e'F 8’5 | 948 £20Z/TT/5 gunds oujuen Sunds oyped| pez
6'0- S0 | €TT 8'VIE LT 8E | €V |6'F0T ZZ0Z/oz/8 s3undsg o31ououe) saurlds ojoucue) 71T
0T 9'stT S €'8BCE 6’0 ov 0% | L7L0T TT0Z/TIT/L 03}1ououe) 0}lououe) BE
EE- 98PT | TEFT T'8TE TE | ET9 |ZZE |VELT Z10Z/61/9 152/ Japliog 153\ Japiog 8E
£ £99T | 95T G'S9E 9 | T09 |00E | E6FT z1oz/9z/9 15e3 Japiog 153 JapJog LE
T'E 68 2T T'88E 9’0 9'C 09 |0°8ZT LT0Z/9T/€ gunids ofiway Junds olwy af
91T TTT LT E£9Ly L0 £C | 09 | £'82T | o9T0Z/0E/DT unids ofiway Jupds oflwiy|  gg
ST 60T a4 TLZ¥ L0 S'C | 65 |8'9¢T 910Z/87/8 gunds ofiwy Jupds oliwiy|  pg
o 0’8 21 9'9%E 90 LT | Ev | L'86 TI0Z/ET/¥ gupuds ofiwy dupds ohway| g€
(ezoz-zr0zZ) sbupds ujpjuno bjpups
oz E0T | TEY t°SSE 0T | OET | 6'E | 6’68 E10Z/1/9 E3JY J1UdI4 SelIany seq Udid H1 8
o ¢0T | ¥'BE T L0 | TET | B'E | L7LB 910Z/12/8 weansumog Hi weaJljsumaq H1 €8
€0 96 8LE WA 80 | 6'TT | 9°E | T'F6 TT0Z/8T/L 8# wealjsumog Hl 8if weaJdjsumoq Hl €8
LT 96 89 t'9LE 80 ETT | 9°E | 9'56 TT0Z/8T/L L weasjsumoqg H1 L# Weansumog Hl I8
91~ S'6 S'9t 9°S8E 6'0 | 6'ET | 9°E |9'TOT TT0Z/8E/L gf weaJdjsumoqg H1 S# Wealsumog H1 08
80 6’6 96T 0'¥8¢ 60 '8 6'€E |0°Z0T TT0Z/8E/L Gf Weadjsumoqg H1 S# Wwealsumog Hl 6l
0T 68 0'Ir 8'T9¢ 80 | ¥ET | E°E | T'EG z10Z/87/L t# weadjsumog Hl i Weassumoq Hi =74
T e oor t'L8C 80 | ¥ZT | €E | T'eb TT0Z/8T/L £ wealjsumoqg H1 E#f weadjsumoq Hl £L
Te TG Tor t'L8C 80 | SCT | €E | S'66 TT0Z/8T/L C# weadjsumog Hl Zif weadisumoq H 9L
81~ T6 6'6E £'8B8E £0 | 9TT | O°E | S'TOT TT0Z/8E/L T# wealjsumoqg H1 T# Weansumog Hl Sl
L1 9L {'6E 6'EQE 90 | £'PT | 82 |VEOT FI0Z/1Z/5 yaeay Jaddn seysany seq 1321 H1 €9
€0 L6 £99 TTLE ‘P'qQ | E8T | TE | 8'60T ET0Z/ZZ/8 yaeay Jaddn seysany seq 1021 H1 79
T0 L'e L'etr L'SLE 0T #CT | TE |¥#'90T ETOT/ET/L yoeay Jaddp seysany seq 1Qa2 e H1 19
6 96 8'9¢ 8°Z0€ 80 | €TT | 0E | L6 TT0z/12/L yoeay Jaddp seysany seq 1Qa2 e H1 09
(ZT0Z-ZT0Z] Woa.4s souany so]
Jo13 % | #OS 12 Anujey v .| eN | 3 B) ajeq ajdwes awen a)s 4 ajdwes u.._m__cs

suoj| Jolep "z 2|qeL

46



60 86 | 9¢ 0'6LE o0 | 8T |z¥ |s€eT| croziiEic dunds ouio) Juudsouol] €6
6T |o9vr | 59 £'9€2 £z | 0T [18T| 609 L1oz/it/e Sunds ung aauyy Juudsungaauyl|  ze
95 | ver | T9 9'/22 8r | €vT [€vT| 667 910z/9/11 Sunds ung aauyy Suudsungaaiyl| 16
=] sz | 59 6Zve 8T | 5% | 59 | O'PP zroz/te/s s8unds Jnydjns sauds anydins| e
TE | vEE | OFT 8'ZvL ¥z | £er | 59 | 6°5F zz0Z/5e/8 dupds anyng dupds anyns| gt
9'€- |08ET |0BIT 262 9T | 09% |6'6C |6'ETT z10z/6T/9 sduuds uanasg ssuuds uanas| gs
8- | 8€9 | vg ' TOE ot | g0z 08T T'69 910z/9/11 (y=iH) Sunds osp (y8iH) Sundsosp| /g
ge |[sor | L¥ E'PET 67 | ¥l [£91] 929 L10Z/8T/€ duuds osg Suudsoso| gg
t0 |e69r |ost | o8ee 6€ | T'LT [8sT| £¥9 Sunds 0sQ Sundsoso| ot
8T 0Tz | €21 L'vey 6'T 97 | % |0PST ZE0T/vE/8 Hupds eysp Bupds eysp 1T
8- |9zl | v9 S'ZLE 1z | szt |68 | 5E6 Z10Z/11/6 duuds pniy dupds pnii|  gs
ve- £y | 19 '86€ 91 | 601 | 06 |ZvOT ZI0Z/5/9 duuds pniy dupds pnii|  gs
tT- |zst | z11 | o056 60 | €2 [sTT| T6L z10z/9z/9 |es3ua) salqqoH [eaua] $3IQqoH| 65
6€- |TLET|€€1T| 8'98¢ oz | zsy [soz|evIT| coe/ese 153\ SIUBID) 1sam siuesn|  gg
to oot | Lz 9'9GE L0 | s [6v |ostT| croemwise dunds ajod Bupdsejod|  zg
6C- |6ST| 52 0'/SE 80 | 6 | 9ov |690T| eoz/iess dunds aj0d Bupdsajod| 1g
3% | vos | D |Awmenv | ¥ | en | 8w | e | sweqadues sweN ays # ajdwes u:m__.s

suoj Jolep "z 3|qeL

47



JJUE|EQ $SEW WOJY PIIEIND|ED JOLIS JUadlad 10113 %

I/3w w1 vOs [e101 ¥0S

/8w ul D |e303 (6]

I/8w u1 a3euOqUEDIq B Ayjuey|e Ajuneyy

|/3w ur wnissejod |e3o0 W

/3w ur wnipos |ej0} EN

|/3w u) wnisaudew (e300 I

|/8w uj wnj|ea |e303 ED

UDI1E20] UD paseq paudisse AWeU als BWEN 3US

uo33||03 Sulunp paudisse Jaqunu ajdwes # ajdweg

193yspealds J315eN WoJy paudisse Jagquiny aianblun

pauodal Jou="IU,, UoI12818p MO|ag ="P 0,
L0 L9 [6'99C | 8'LvE 0t |LTET|09T|6'TET ZT0Z/iz/8 Sunds aaJ) Suudseadl| g1
L0 68T | €61 9'Z0E L1 €L | 99 |0°00T ZT0T/LT/B Bupds e8auain Jupdg edauan| 41
e gst | BT Z'¥0E TT 7S | 95 |8Z0T ET0Z/1/9 3upids jauuny Buuds jpuunl|  gg
T E9T | OF 'VEE 60 | OF | ¥6 | £L96 Lroz/it/e s||e4 au|anes | s|led suilanell| gg
6'S- TeZ | €€ T'IvE 91 8 | L8| TO6 910Z/0£/0T s||e4 au|lianes| s||eq4 auianell| 4@
90 68T | €C ' LEE 6’0 v | L'8 | 6°20T 9107/LZ/8 s||e4 auj3anes | s|led suilanell| gg
'z 64T | TE 9'6EE 6’0 8% | ¥'8 | T'80T zroz/s/e s||e4 au|anel | s|led suilanell| gg
90 66T | ¢ T'ZSE 01 8t | 98 |6°L0T £10Z/8/9 s||eq au|lanes | s|led eudanedl| pE

Jou3% | ¥OS | 1D |Auuneqv | ¥ eN | 8w | e> | ;egadwes awiey ays # apdwes usm__.s

suoj Jole "z 2|qel

48



IR ES ru 09°'06- [3TT- £70T/T/T Ealy AE|d Mmous ulnde) MONS VdSoDi| sz
(ez0z 123uim) B2y Apjd moug ulndn)
ozo|eroleto|¥o0 |['palpalpq 851 oT'€8- 61TT" £Z0Z/TT/S weansumoqg H 9HISETN| 7€
szo|ero|610[590 |Palpqlpa 66'9 8E°€8- 6CTT- £70Z/11/5 S9TIAIN 1E BIp3j uoue) PHISEZN| 1€
Lzofozolozo|voo [Palpqlpag 8T/ /9°€8- SETT- £70Z/11/S B31Y JIUdlg SEUBNH SET cHIsezy| o€
gz'o|ozo|zzo|L90 ['Pa|Pd| P9 ££°6 [9°€8- 0£'TT- £T0Z/TT/S T-uohAue) uinde) T-ucAued uynded| gz
gzoleroletoltso|'palpalpq ¥6'9 TES- [TTT- £20Z/11/8 Jtea) doo THISEZ| 8T
gz'o|ozoleto|v90 |['Pa|Pd| Pq 559 78 0£TT- £Z0Z/TT/S Junds asnoy jo IN THISEZN| /T
9z'0 ['P'q |10 P9 |0T'T[€6'0 (69T ar'e ¥5'€8- 8T'TT- zZOZ/TT/TT UoISIBAI] Y21d Jo N SHZZ| vz
vZ'0|'pg|9T0 voT|z60|V9T 602 078" SETT- TZOT/TT/TT SOTIAIN 1€ BIp3Jy Uoue) yHHzZZD| €T
ve'0|'pg|L10 ¥0'T [€8°0 |60°E ST'L rrs- wTT- TZOT/TT/TT £31Y JIUdld SEUSNH 5B EHMZZ| Tz
€Z’0['P9(9t0 co0T(88°0|veE €9 vz ve- [ETT- ZZOT/TT/TT Jte1) doo THHzZD| 1T
SZ0['P9liT0 oT|6e80(TLT T8 £6'78" [¥TT- TZOT/TT/TT dH1 e 22uanjuo) ¥Sd247ZIM| 0T
8¢'0|'P'q 61’0 P9 |00T|88°0|TET 16'6 £€9'78- SY'TT- zZ0Z/1T/TT Z-uokue) uindel Z-uohuej uyndel| g1
92°0 [ 'P'q|8T°0| P9 |SOT|€6°0(L0'E v9'8 86'78- 1STT- TZOT/TT/TT T-ucAue) unde) T-uchuel uynded| gt
1Z'0|50°0|ZT'0| "P'9 [65'0 |29°0 [99°0 62'6 £1°'98- 7'ZT- 7z0Z/31/5 SOTIAIN 38 BIp3|A UouE) t-H1Ze| ot
oz'0|900|zT0 090|zso|eLT sv'g 81'88- 63°TT" Tzoz/et/s B3l JIUdl4 SEUBNH SET cHizzwl| 6
oz'o[900(zT0 650[rs0|vTE 69°L 75'88- €6'TT- zzoz/at/s |lea) doo T-H1ZZL| 8
8T'0[/00(€T0 090|Tso|Tse 6.9 90'68- 90°ET- 7z70Z/81/S Sunds asnoy Jo IN T-Hizenl| ¢
1z0[900(cT0 19°0[990(89°T 0z'0T SLL8 08'TT- zzoz/at/s z-uoAue) unde) sdoH1zZ| 9
8T'0['P'q|1T°0| P9 |06°0|ST'0[L9°T 158 7498 89'CT- 120Z/9/11 B31Yy JIUdl4 SEUANY SeT cHl v
ST0|'P9|ZT0| P9 |€0T|vT0|86E s £TL8" 18°TT 120Z/9/11T yoeay saddn seuany seq weans yunydI Hif €
(£202-1Z02) Wpan3g spyaany so7
zso(zzo|zzo|99o [palpqal-pa 99'6 TTv8- 9£TT- £Z0Z/TT/S Suuds uynde) SdJETH1| 9T
¥5'0|'pq |0Z°0 19150 ]9ry 786 Tr'se- €5°TT- zZOZ/TT/TT Fuuds uyjndey sdodzel| LT
zso|otol9t0 10T |T50(/6T 9z7°0T or' /8- vLTT- 770Z/21/S Bupdg uynde) sdoHIZZA|  ©
(ezoz-Tzoz] Bunds uynde)
orT'0['P'q|zT’0| 'P'q |ze'0|0Z'0|T8'E St'S 8- 87T 1702/9/11T xog Fundg s)j3 suudssy3a| ¢
9T'0|'P9|ZT'0| P9 [96°0|0T0|96E 7's or'/8- 78T 1202/9/11T xog suuds dwe) Juudsdwe)| 1
(1z0z) sBulids spysany spq
g | 17 |eg | 24 |18 | 4 [€ON | zOIswddse|g ae 0812 aeqg a|dwesg aweN xS # 3|dweg o:m__c_._

sjuawa|3 Joullp pue sadojos| 3|qe3s '€ 3|qel

49



u [rufau | pg | 'prq 8L | 66'S ru ru £T0Z/1/9 B31Y JUdld SEUANY e auad H1| €8
au [ru | ru |e00- [65°0 [8€0 | 4 9/'2 au ru 910Z/42/8 weansumoq Hi weansumog H1| €9
au [ru ] ru | prg 090 4u 8/ au ru z10z/8%/L g# weansumog H1 84 weansumeg HI| 9
au [au | au | prg £9°0| 1u vEL ru ru ZT02/8¢/L 4 weansumoq H1 £# wesnsumog H1| 19
au [ru]ru | pg feto|s90]| su 059 au ru Z1oz/ee/L 9% Weansumo(q H O# wWeansumeq H1| ve
au [ru [ ru | prg 1970 4u 8/ au ru z10z/8%/L S# weansumog Hl o# weansumog H1| 78
u [rufru | peg 990 | v [4y4 u ru TT0z/8¢/L i weansumoqg Hl v# weansumog HI| 18
u [ru o | pg 090 Iu 629 ru ru ZT02/87/L C# weansumoq Hl £# weansumog H1| 08
u [eu | au | prg 1970 1u 059 ru ru z10z/8%/L 7# weansumoq H1 7# weansumod H1| 6/
du[ru [ au | prg 650 4u L) ru ru ZT0/8¢/L T# Weansumo( H T# weansumogq H1| g/
u [ru | ru | pg | 'prq 190 | U 19'S ru ru ¥10Z/12/S yoeay Jaddn sepany seq 1adie | £/
u | cau [ cau | peq L0000 |6ETO| Ctu QE'Q Ju aru £I0Z/TT/8 yoeay Jaddn sepany seq 1dd1eHl a/
du [ru | au | prg [99°0 |Te0| ST'w ru ru ETOT/ET/L yoesy Jaddp sepany seq 1ad¥eHl| s«
au [au | au | Pg | PRq | TEO | 509 ru ru ZT0e/12/L yoeay Jaddn sepany seq 1adiEeH| 09
(£10Z-ZT0Z] w348 spriany sB
| ru | ru | prg |70 (290 U 95'S au ru LT0T/LT/E xog Fuuds dwe) xoguds dwe)l H1| ¥/
au [u | ru | prg [v0'0 [£9°0 | U 9/'s 07'98- 0171~ ¥10Z/12/5 xog Fundg dwe) xogds dwed H1| ¢/
u [u]ru [ prg (800 [evo | au 679 05°58- 06°ZT- £102/22/8 xog Funds dwe) xoguds dwed HI[ 7/
ru | ru | ru | pg 69°0( 1u Ty 0/4°98- 09°TT- ETOT/ET/L xog Fuuds dwe) xogds dwed HI| 1/
u | rru | prg 0.0 1u vy 08'/8- 0571~ £T0Z/T/9 xog Fundg dwe) xogds dwed H1| oz
u [ru [ ru [ prg rro| U 7SS 00°£8- 0571~ z10z/1e/L xog Fupdg dwe) xogds dwed H1| &9
au [ru o | pg [TSE | eu | au 189 au ru 910¢/62/0T xog sunds si||3 xogsi31eH1| g9
u [ru | ru | pg [60°0 [99°0 | U 69'S 0/°58- ov'TT- v1oz/12/s xog Funds sij|3 xog si[31e H1| /9
ru [ruru|pyg o] ru 1£9 0€°/8- 0771~ £10Z/72/8 xog Bunds si|3 xoqsy3eH1| 99
u [ru | ru | pg 090 Iu 60'F 01°58- 0L°TT- ET0T/ET/L xog sunds si||3 xoqsi31eH1| <9
u [rru | ru | prg gvo| 4 ¥s's 01°98- 0L7TT- zroz/ie/L xog Bunds si|3 xogs||31e HI| +9
u [au | au | prg L9°0]| ru 69'F 06°L8- 09°TT- €T0Z/T/9 xog Sunds sij|3 xog Fundssy3|  gg
(£10Z-210Z] sButads sp3dany so1
Jufru e | prq | T9°0 (240 | AU 9T'vT au I L10Z/9T/€ Juudg uyndes nedt Ayneyq| /g
wu [eu ] rufzg [eu [reu | au {791 au ru 910¢/62/0T gupdg ujnde) lledl Ayned|  9g
I EX B R A T IR 1€°ST au ru 9107/22/8 gunds uinde) lledt Ayneq|  gg
u [ru o | prg [sg0 g0 0Z'€T au ru zroz/st/9 duudg uyndes es] Ayneq  pg
I EX E R E ST R 69°0T 1€°78- 10°TT- L10Z/01/8 duudg uynde) updsundes| g
U | ru | ru | pg 0970 (650 | U 90’6 ru ru L10Z/9T/€ Fuudg uinde) suudsundes| vy
au | au [ aw | cprg | eru | teru | aru 96°0T 1ru I 910Z/62/0T Fuudg uynde) suudg unndey| gy
ru [ru fau | prg 287 |ST0| 4 60T u AUy 910T/LT/8 gunids ujnde) duudsuyndey|  zy
ru | ru | ru | pg | Pq (T90| aru (433 09°98- 09°CT- £10Z/8/9 duudg uinde) suudsundes| 1y
u [eu ] ru | pg [zeo |1s0] Pg 69°'8 0g°£8- 09°7T- Z10Z/51/9 Juudsg uyndes Suudsuyndes| oy
(£10Z-zT0Z) Butids uijnde)
S| 1N |eg |24 |48 | 4 |sON| zO!swddse|s ag 0812 23eq 2|dwes Jwep s # a|dwes o:m__z_._

sjuawWa|3 Joullpl pue sadojos| 2|qels € 2|qel

50



1e0|ozofozo|voo | v | rufeTs 8v'6 £8'T8- 10°TT- £70Z/11/S Fuuds eSaual) suuds edaua| ez
szo|ozolero|s90 | v | ru fas9 ST'0T 76/ 8- vLTT- £70Z/11/5 Sunds oype) Sunds oype)| pgz
vr'0|'Pd|zeo| pq |eu|es0|srT £E'TT ar'/L- T 720Z/L7/8 sundsg 53.1] Suudgaail| g1
ru [ ru | ey 70T | ru SI't 09°'98- 0L°TT- 770Z/17/2 Funds edaual) Suudgedauad|  ¢T
au [ ru | ru ¥9°0| ru 2€°0T Ov'98- 0S°CT- £10Z/1/9 Sunds [uung guudg puuny|  gp
au | caru |t |50 | 4w 19°'1T ru au LT0T/LT/E S||e4 SUIHSARL | s|ied4 suiuaaeal|  gg
aru | atu | aru LE°0]| "ru 97'TIT ru aru 9T0Z/0E/0T S||eq BulLIBARL | S|ied auruanel] /6
B AV B VI s ¥ a'p| I'u €Tl U U m.—DN\hN\w 5[|ed suUIHaAEL | Slje4 2ulUaABl] 96
I EXIEC 6970 au 6501 00°88- 0TTr- TL0Z/S/L s||ed sunJanel| sjle4 suienedl | 6
au [ ru | ru 9T | 118 08'88- 09°TT- £10Z/8/9 s||e4 BunJaABL] slie4 auanedl | gp
au o] e F9°T | /50T 9" ¥8- 0g°TT- LT0Z/1Z/L Buudg oo Juudsonol|  ¢g
B AV B VI s ¥ £3°T| J'u 0E'eC U au hﬁDNxhﬂ\m m:tnmc_-.muwm.:.; m:_hnm—._jmvwwgzh 6
| cau | ru /gg| ru €T've U U 910Z,/9/1T guuds ung sauy) guudg ung aaiy) 16
or'o|'pq|zrofzoo |eu|soe|6L0 28'TE Of'€8- 08°'TT- z10z/12/s s3unds inyding ssunds anydins| o6
u [uru | pg [evofzio] ru 09'ST GE'Z8- 60°TT- 7270Z/57/8 Supdg inyng Sundganyns| ¢t
ru [ u ] ru [zro e zsT| ru 6T'EE 0461~ 00°TT- 710Z/61/9 sEulds UsAag ssunds usass| gz
€C0(P9(600] P9 [LEL|89T|860 61°0€E ru au 910¢/9/1T {ys1H) Bunds osp (ysiH) Sundsosp| /8
AU caru | cau | cpeg (9400 |€9°T | e 6887 ru au L10T/81/€ dunds osp duudg osp 9T
ov'0|'Pq|tzof pq |EU|sg0|crT 20T 61°'S8- 0g°TT- 770Z/€7/8 Sundsg osg Jundgosp| g8
au | | ru TZT| ru £8'7¢ 08'€8- 87'TT- 720T/vT/2 Fuuds eysQ suudseyso| 1t
au [ au | ru €970 au 189C 01°'88- 0S°TT- 710Z/1L/6 Suuds pnpy Fuuds pny|  9g
au [ au | ru 65°0 | 7991 0£'/8- A TT0Z/5/9 Suuds pniy Juuds pniy|  sg
au | au | 09°0 | ru St'ST 09°'98- 0zT'TT- 710Z/9Z/9 |EJIUB] SBIGqOH [eUSD S3IGGOH| 65
ru [ ru | ey S9°T | ru 9/ TT 006/~ 08°0T- 710Z/61/9 153\ sIuelD 1S3 siueln|  gg
au [ ru | ru €70 au 15°0T S0°'88- 99°7T- LTOT/VT/L Fuuds aj0) Fuuds 303  zg
au o] 89°0 | ru ¥0'0T 0z'88- 05T z10Z/12/S Fuuds 3je) Juudsajo)| 15
aru | cau | ru eru | tru 1TT Iy U LT0T/ST/E Buudg e3uan Buuds eusn|  og
aru | cau | cru w0l ru 0T'IT ru aru 910Z/62/0T dundg esua) duudg esua1)| gy
I EXIEC 00| au wot 0£'/8- 0ETT- 9107/87/8 Sunds esuai) Suuds e3usid| gy
U | caru | aru .0 ru 98G5 U U ZT0e/s/L Buudg e3uan Fuudsg e3uaiy It
PR IEETE T u | au u ov' /8- 09°7T- Z10Z/61/v Juudg efua) Fuudg eduan| op
U au | u | tru Iru 05'98- 0ETT- aru 750 dunds esaua) €8T
au | u |- U [ ru U 0£'/8" 0T€T- u dupids edauai) 781
¥Z'0|'Pq|sT0[ P9 |®U|5s60|68T 6Z'0T 0£'98- 05°TT- 7202/97/8 sdupdg oypuoue) ssunds ojpuoued| 7T
ru [ ru | ru 00 ru 656 00°98- 08°7T- 710Z/TT/L oyuoue) ojpuoued|  g¢
I ECEE 5970 au 7€'ST 0/'58- 09°7T- 710Z/6T/9 1s3M J3pJog 1590 Jepiog|  gg
X ED €970 au 79'ST 06°'98- 09°TT- 7107/92/9 15e3 Joplog }sejJspiog| /g
au o | 790 | aru ¥5'0T 00°98- v TT- LT02/9T/€ supds ofiwy Suudg ofiuuy|  o¢
U [ru [ Tu 50| wu oLt 0673 0S°TT- 9107/0£/01 upids ofiwy Sunds ofiuly|  ce
au | ru | ru LE0| au 96'TT 0£'98- 0T’ TT- 910Z/87/8 Supds ofiwy Fuuds ofiuuy| ¢
aru [ ot | oy 180 4u 086 09°'98- 0871 zToT/eT/y Supds ofiway Fuuds ofiuuy| g
(£20Z-210Z) sButidg uip3unop ipuns
45 | 1N [eg | 24 |48 | 4 |€ON| ZOlswddse|s ae 0s1? 23eq a|dwes awep 23S # 2|dwesg o:m__z_._

sjuawWa|3 Joullp pue sadojos| 2|qeis '€ 2|qel

51



|/8w ul wnnuosns [e30]

/3w ut winiyy) 3o}

|/Fw up wnueq jeo}

/8w uy uou| |e30}

|/Bw u1 aplwoug [e30l

/3w ul apLnojy k101

/3w uj 31e03U RI0Y

uoljjiw sad sued ul Zo|s se |S [e101

MOINSA 01 192dsau yum adojos) usdoupAy ‘gp
MOIWSA 01 10asdal yum anjen adojosi ogTQg
uone20| U paseq paudisse aweu a)s
uonoa||02 uunp paudisse Jaqunu ajdwes

uo1313p MO|3q="pP"q

15

n

Eegq

24

19

|

EON

7O!s wdd se |§
ae

0812
SLIEN 23S
# 2|dwes

pauodal Jjou="1"u

BB IR B ECI aru 9T'58- 1271 U weang esaual) oTOTTOWD| £vT
FRTH IUTH UV EURTIN IRV ETRTH T 87°98- £ETT- u weans efausa) To09tcrE0qun| 7yt
au [ au [au | au [ru [ru | ara aru 58°'58- £9°7T- U weans efauar) gretoson| TEr
A R I RV R T R R aru 99°¥8- 15°CT- U weans efaual) 91.06050N| 0OFT
I ETE B R ru viss- 97T U wea.s efaual) 9Tz001son| 61
ru [ru[ru | aru [ru [ru [ au ru GE'GE- VS TT- U weas efaual) 91616050N| BET
FETH IFETE IUETH RV IUETH TRTH IR ru YIS 179 U Wweang efaua) ¥-91v080| /£T
R e e e e R e 9,18~ 9 ET- 1y weans edaual) Z09TETBOANN| 9€T
ERTH IBRTH IRV IR IDRTH RTH T oy 90'98- 6T'ET- U weangs efaus) T09TETROMNN| seT
au | au | au | au [ [ru | ara oy /8°98- SO'ET- U weang efausl) 9TOTTOWD| weT
au [au [ru [ aru [ru [ru [ aa aru 31°88- LTI U weans efauar) TAMD puepap edauain| ge1
FRE ISR RVETH IEVETEN RTETE RVETE IRVET) aru £7°88- 6L°TT- u weang esausi) 5d e8ausl)| Ogl
I EE B ru S5 E8- €2 TT- ru Wwea.s efaual) 9T9080Wea1152| il
au | ru | au | au [ru [ ru | ara ru 0E'v8- 0L 7T ru weans efaua) weass edousd| zel
BB EEE R ECR ru 0Z°98- C0'ET- ru Wweang efaua) wesis edsus)| Tel
Wp3.138 UIDIUNOIA] DIpUDS
i | 1M |eg |2 |19 | 4 |EON|zoiswddse|s ag 0812 sieq ?|dwesg SweN 33g # 3|dwes w_._m__:_._

sjuaLa|3 Joulln pue sadojos| a|qeis ‘€ |qel

52



1 S0°0- ¥0'8- 95°Z- vz 9L'T- 79°0- wpansumoqg H1 43
EV'T- LO0 60'8- 95°Z- 09°0- 0ST- €20 SITAIN 10 DIP3JA] UoUD) TE
ov'T- 700 60°'8- S5°T- €ET 95T- £9°0- D3Iy JIUdiq SDH3NH SO] 0€
62'1- 600 Z8'L- 0S°Z- 209 0’0 05°Z- eaJy Supjied dH1 anoqy 67
£V'1- LO0- 01'8- £5°Z- 99°0- e 120 |ie) doo 8¢
Sv'1- L0°0- L08- vS'Z- ZE0 95°C- 6€°0 Buuds asnoH jo IN LT
0z'1- ¥Z'0 8TL- LT'T- 0r'T- 0ET- €00 uoisJang youa Jo N ¥z
621 ¥T0 T€L- 6T°Z 120 06T ¥9°0 SSTWN 10 DIp3j Uoup) €T
LET- €00 6T L ET'T- 0L'E- 08°0- 62°T- D3Iy J1Udid SDHU3NH SO] Zz
T- 10°0- 6T L- vI'Z- S6°T- SLT- 170 |ie) doo Tz
ZET- 800 1€L- 612 v8°Z- STT- L8O dH11e 2uanjyuo) 0z
v 1 910 or'L- 9T'z- €9°¢- 79°0- 9z'1- ealy Supjied dH1 3V 6T
I€°T- 80°0 9€°L- 9T'Z- €0°E- €6°0- ¥6°0- ealy Sunjied dH1 anoqy 8T
TET- Z0'0 8 L- 0S°Z- 620 vLT 0€0 SSTWN 10 DIp3jN uoup) o1
SET- 700 SEL- T 66°0- STT- 500 D3l J1Udid SDHU3NH SO] 6
ov'1- ¥00- 0€'L- e 90°0- €9°T- Z50 |led) dooy 8
Sv1- 80°0- STL- LET- SED L9T- LL'O duuds asnoH Jo IN L
LZT1- 600 ZSL- ov'e- v1°0- e 6v°0 ealy Supjied dH1 3V 9
TET- 90°0 €5L- vS'Z- LS'E- ¥9°0- £T°T- D3Iy IUdId SOU3NH SO] 2
1S°T- €10 vS'L- 9€°Z- 65°€- 0L70 ST'T- 131 HI €
LTT- 110 €59 10T €91 SZ0 99°T- Junds unde) 9z
vZ'1- ST'0 8L'S- 8L'T- 66T 86°0- SE0- dupds ujnde) LT
LTT- 800 08's- 16°T- 98°0- 9ET- €20 Junds uynde) S
ST ET0 15°L- vET S6°T- 6VT- EE0- xog dulds si)|3 [4
15T To 05'L- SE'T- 6T'G 0T'0 S6'T- xog ulids dwe) 1
£20Z-120Z
(e)zoisis | zuenp is | aujey Is | wnsdApis | aywojog Is| (8)zod1s | AwpPED IS @l anbiun

S321pu| UOIBINJES P 3|qeL

53



0S'T- 10 88'9- vET ¥9°0- L0T- 620 xog 1ds dwed H1 vL
8v'T- 60°0- G8'L- 0S°Z- VT ET- 950 xog 1ds dwe) H1 €L
SpT- LOO LyL- 8E'T- 11T v6'T- L00 xog 4ds dwe) H1 ZL
v9'1- 9z'0- 6LL- we- 80°Z- LYT- EV°0- xog 1ds dwed H1 1L
79T 9z'0- €LL- W STT- v8'T- Z0°0- xog 1ds dwed H1 0L
0S°T- 010~ 79°L- 6ET- LOT- 10°Z- 010 xog 4ds dwed H1 69
wi- Z0'0- 18°L- W 160 L6'T- 90T xog sif|3 38 H1 89
6V T- 0T'0- 89'L- 8v'z- 09°T- 0LT- 910 xog sif|3 3 H1 L9
vy T 50°0- 05°L- LET ST'T- v6'T- 90°0 x0q s1||3 18 H1 99
€9°T- vZ'o- vLL- 6ET- 0Z'z- SHT- 810~ xoq si||3 18 H1 59
0S'T- 110 S6'L- 8E'T- 88°0- STZ- 6T°0 xog si||3 3 H1 ¥9
8Z'T- 110 TLL- BE'T- 16°T- 09°T- ¥E0- xog Sunds s1(3 €S
oT'T- L0 €0°L- €9°T- 78°0- vy T- z0°0- jiea) Kyjney LS
90°T- 00 L6'9- L9°T- 8L°0 9z'T- 6L°0 jte1) Kyjney 95
0T'T- sZ°0 86'9- vST- 9p'T- 80'T- ZE0- jiea) Ayney 55
8Z'T- 10°0- [AVE 6LT- 75°0- 6Z°T- ET°0 ey Ayjney ¥S
LET- 0T'0- 96'S- o1’z 0£0 vLT- 8L°0 Sunds uinde) St
ZET 500 LT'9- LTT 12°0- 08'T- 150 8unids uinde) ¥t
62T v0'0 90°'9- e 12°0- TLT- ZS0 Sunids uyinde) v
wT- 90°0- zT'9- YT €9°T- STT- 9T 0 Sunds uinde) v
9p'T- 6T°0- 5T'9- we- T ST'T- 900 Bunds uinde) or
LT0Z-Z10Z
(e)zois 1s | zuenpis | ayey Is | wnsdAnis | aywojog is| (3)zod Is | e IS @i anbiun

S32|pu| Uojjeinies 'y ajqel

54



¥S'T- 0z'0 08'L- - 750 £LT- 8L°0 1UdId H1 ¥8
SE'T- 000 68'L- rT- 100 §9°¢C- £5°0 weansumoqg H1 £8
W't 90°0- 06'L- v T- 750 08'2- 780 8# Weansumoqg Hl 8
ov'T- €00~ €6'L- V- 900 €5°C- 650 L Weansumoqg Hl 18
SP'T- LO0- viL- e €10 95°Z- ¥9°0 94 Weaiisumoqg H1 08
6E'T- 100~ 91°8- 6ET- 8L°0- L0'Z- 8T'0 G Weansumoqg Hl 64
Wt 50°0- 18°L- Lve- €E°0- 8E'Z- 0 ¥# weassumoqg H1 8L
SPT- 60°0- G8'L- Sb'Z- v0 89'Z- 180 €4 Wealsumoqg Hl LL
SPT- LO0- G8'L- vT- 1€°T- 68'1- S00- Zit Weansumoqg Hl 9/
8r'T- Zro- 68'L- vz 790 €12 0E0 T# weansumoqg Hl oL
6t'T- 01’0 8L'L- 052 S50~ vZ'zT- LEO 1ad1eH1 €9
Ly'T- 0T'0 Ly'L- 6ET- 850 €87 160 1ad1eHl 79
99'T- 0€°0- 9L'L- ov'z- €10 95°Z- 89°0 1ad1eH 19
8r'1T- TT°0- €6'L- W 8L°0- LO'T- ZT0 1ad1eHl 09
(e)zois 1s | zuenpis | ayed 1s | wnsdApTis | aywojog Is| (3)zodIs | MPED IS ai anbiun

S3J|puj UOlIBINIES 7 el

55



. - - - uonewod WEJISUMD] | WEINSUMO]
o0es £03PTT |€0-30TT | 665 E0-3PET | £0-395T | E03eb T | 50966 | BO-3TT | EOWST | E0EE | SS06'C |TEEO0D | 08 060 | p0AL68 | 9LT- | TO3ELT og'e ST9LT- | 9LTg0- eeoz/Tr/s esmpen v - aHl 43
; § y . ¥ § . . . . . . ; . . y uonewoy 9STWNIE | SITIANIE
ey p0-355°2 | €0-30TT | 655 €0-396T | £0-3/9°T | £0-355T | S0-305' | H0-3STT | EO3SST | EO-3EGE | @S7O'C |£9£00°0 | 20T (0T |€0-IL0T | 0ST- | S0-IETE 23] £P057T- | TEETO eeoz/Tr/s esmpen eipapy uouey | eipapy uouey | N e
ETDECTIES
B2y JILdlg B3y W
769 £0-3LFT | €030TT | 999 €0-LG°E | E0-36LT | E0-L9T | SO-3ITE | v0-3827 | E0-9LT | EC-aEs | PEOES |LESO0D | 7T €0TZT | 95T | T0-ALLT 1] $LS5T- | STESO- €z0z/11/5 mrownnnie | oo | sepeny sl 4H1 0
pue WA
Snuels elpueg
98 E0-3V0T | £0-30TT 085 E0-ITT | €0-3SLT | EO-IE9T | S0-360'6 | BOPIETT | EOIELT | EOISGE | £88EE | 6BE00TD | ETT LUT |€0UTT | THFT | £0-306°€ ¥ER #80¥T- TS0T0 €z0z/Tr/s J3A0 Wnianjje 1) dool tes) doot id1 8
pue WwnANjo)
Bunds Fuuds
05 £0-370T |€030TT | T'ss €0-377°7 | CO-3TET | £0-369T | SOEES | HO-ITTT | EOBLT | EC-IEOT | OBZOF ZOVODD | STT | $TT | S0-WTT | 95T- | £0-3€LT 13 6£957- | €830 €20z/1T/s  |uonewsojepues| SHN Trd
H0IN | 2SNOHJ0 3N
3 . [ z . - X PO ILT PO-3P6T E0-ITT E0-300° 1 'l . . " K . " 'l _sﬁ \H ueneuiod | R [ HeLEg
55¢ $0-3LT°9 mo.uo:. 3 £0-9T4T | £0-38T°T | £0350T 2966°E | $000 | 1T | OTT |€0-39TT | 0ST- | £0-3T0S aze 166777- | EFEDO- TZOT/TL/TT BIEPEN | WNJON | WDNGION aan v
- . - - 260 - . y . . . . . g . Ut uoneuuoy 99TAINIE | SITIAINIe
3 v0-358'S | €030TT | LTw €0-369T | £0-39T°C | £0-350T | +0-30LT | H0-3b4T | EDISTT | EC-3S6E | SEPEE | G6E00D | OET 67T |€0-36TT | 06T- | €0-1LTT e 067 +20 TZOT/TE/TT i e vouzy | epepy uouey | IO =4
Suuess eipues
. ~ . - - B2y JILdlg B3y W
<06 Z03Y0T | €030TT | v TO-3STT | 0-34PC | E0-905C | 03887 | #0-359°T | 03T | ZOOWT | TOWT |TOPTOO | 44T | o¥T |€0-39pT | 080~ | TO-ILST ¥ 080 67T TZOT/TE/TT o wnAne | e | sepsny se dH1 <4
pue WA
SNuels elpueg . an
98 £037TS | €030TT | £T2 €020 | E0-36F'T | E0-ITET | +0-389T | 60-3p4T | E036KT | E0-31s's | €OTSB | 188000 | 09T 65T |€0-36ST | STT- | Z0-0TL e STT- 180 Z20Z/T/TT maownianie | oo oy | e suenguoy | HE 0z
pue WwnANjo)
Snuels elpueg
585 £0-355°T | €030TT | 85 £0-3597 | E0-3/ET | E0AIZT | #0387 | v0-38ST | EOOMT | EO3I0S | ¥EZOS |7OSO00 | 9€T | €T |€0-3p€T | SLT- | T0-38LT ¥ SLT o TZOT/TL/TT 280 WwniAnyje ) dool tes) dool 141 4
pue WwnANjo)
. 300" - e — - . . . . ’ . . . . . fatf uoneuuoy 99TAINIE | SITIAINIe
00 0043000 | €0-30TT | £'bE PO-ITE6 | £0-3SLT | E0-38ST | +0-30TT | b0-3ET | E0365T | £0-389°T | TTR9°C |89Z000 | 18 080 | 03708 | ¥LT- | €0-3T8T we v 0£0 eoz/et/s J— eipsiy vouey | eipsp uousy | N2
Suuess eipues
sanyOMDly | B3Ny g
Y3 v0-3269 | €030TT | TEW €044 | E0-3EET | E0AUTT | +0-307T | 60-35T | EOESET STOT'® | THO0O | bET EET |€0-EET | STT- | £0-30TL z4:3 STz 00 eoz/etls BOWANIE | e | seysng se dH1 6
pue WA
EEECRITES
261 F030LT |E00TT | 69 E0ALET | E0-3PET | E036TT | +0-30TT | 60-3EST | EDET | EC-IILE | TLOLE |TLEOOD | OET 6ZT |€0-36TT | E9T- | £0-3EET e £9°7- 750 eoz/etls A0 wniAnjje 1) doo] 1e1) doo] 141 8
pue WnIAN|oD)
¥ i . ; X . 3 5 Y . . ¥ y & | UOIEWLIOS EIpU oS Fuds
T v0-36v'9 | €0-30TT | £8E €0954T | €0-3L£7 | €0-389T | +0-307T | v0-35¥T | EDRELT | £0-3st | TEISY | Z6¥000 | ZLT LT |€0AATLT | L9 | S0AIETT we 1977 o eoz/et/s NeUNOY IBUES | o | ssnonso oy | SHM L
SNuels elpueg
PaNYOMDlY | B3Ny O
376 203TFT | €030TT | S8 TO3EST | £0-309°7 | E0-3EKT | so-ake | H0-3EST | EOFNST | Zo-3LT | 989LT |68LTOD | €8T 8T 90| T0ATET 0EE 90 7T Tz0z/9/tT mnownniie | e | seymny ey 4H1 +
puE wAn|jo)
EEFETEEL ] o3
oL £0-3/5T |€030TT | 9k €0-3/9°C | £0-3S0°E | E0-9T6T | +0-3+07T | HO-3IET | EDFEOE | 03249 | 9ETL9 | 49000 | €6l 6T 70357°E we Cas o zoz/eftt smnowmanye | oS wog Suudssig | 543 Erd
PuUE WnAnoD) S 53
| BI3pEY J3MOT T |
596 70-3/86 |€0-30TT | T's6 TO-3866 | £0-3ETS | E0AT6Y | +0-3v5T | v0-35TT | EO0'S | TO-3SOT | ZE'OT |Z6vOT0 | 78T | 08 €008 | STO | 00+3LLT 208 sT0 89T £c0z/1t/s a0 wnianjje Buudsunndey | - sdd Tas
pue WA
SISpEW SMO]
9°€8 €0-3T9°S [E0-30TT | SOS €0-31L'9 | €039 | €0-38T'9 | +O-3EET | PO-368T | E0-3959 | CTOFEET | ¥BTET |BIETOD | 81 STE | €0-ISTE | 860 | T0-3H0T w0e 260- SET- Z20/TI/IT A0 wininjje Buudgugnde) | 54 s
pue WwnANjo)
CISpE 1SMO] g
oL £0-3/5T | €030TT | 9FS E0-1/9°E | E0-3S0°E | E0-IT6T | +0-3+0T | H0-3TET | E0FEOE | E0-3es9 | 9ETLD | TL900D | E6T 6T 20357 e 6T ££0- 120Z/9/TT mrownnie | oo oo o |%og Buudgsua | ds3 4
pue WwnANjo)
BISpey J2M0] vog og
586 To-3s¥L | E0-30TT 796 T0-395°7 | €0-3/6°C | E0-3P8T | +0-350T | HO-30ET | EO-IET To-398 | ST9'8L |79gL00 | BT 98'T |€0-39% oTo 00+3LT°T we oro 56T~ 1z0z/9/1T J3A0 WniAn||e dsd T
pue waniioy Sunds dwe) | Suuds dwe)y
usepul |1/low 5T
u=Sopu3 st 1fiew | uegdg | 1fewy | flow | fidw tfieww | {ifjow) | /5w | j/loww | yfow = -
¥ “lioewnsa0TZ0dd | W2 | 1/1ow @) 1f1ow 310 zoodsol | zodd Hd  |(Hzod7s |;pEys | aegadwes | ASolopndeny | uonedol awey 12q¢1
wnae | e hosy U Qe < |owswns | wousw | oy | V 2 | (6 |ddxn | ddn | wdn . : - -

Suipo [ENWSYI03Y S 3|qEL

56



35.33°N

35.29°N

35.25°N

35.21° N

[ Las Huertas watershed
| = Las Huertas Main Stem
Stream Network ’x
Roads

N

T T
106.5° W 106.46° W 106.42° W 106.38° W

0 1 2 4
T E— [0 meters

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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Geologic Unit
[ aca- Colluvium and alluvium

[ ] Pa - Abo Formation - sandstone interbedded with siltstone and shale

[ ] Py - Yeso Formation - sandstone, shale and silty shale with interbedded limestone]
[ 1Pm - Madera Formation - li (regional aquiter)

[""] IPs - sandia Formation (thin-bedded limestone)

[ Ma - Arroyo Penasco Group (locally thin; sandstone)

|:] ¥s - Sandia granite

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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GEOLOGIC TIME GEOLOGIC RECORD

SOUTH NORTH
QUATERNARY b * Alluvial, colluvial, colian deposits”.

resent

CENOZOIC

—t = Madera (Upper)
1= well-cemented limestone; laterally

continuous
Coarse-grained sandstone

145 —

MESOZOIC

. Mudstone with some interbedded

limestone
« well-cemented limestone; laterally

continuous

210

T

Mudstone with some interbedded
“limestone

1021
{1000)

well-cemented limestone; low fracture

286 — :
| porosity

11

- 1 Interbedded limestone and mudstone

3

Madera (Lower)

massive limestone; mod/well
cemented; very low to low fracture
porosity; uniform and continuous
laterally

410 +

PALEOZOIC

440

-. (500

505 —

544 —

: « Sandia Formation
= interbedded claystone and limestone
= Massive limestone with claystone base

Fine to very coarse-grained,
= poor/moderately cemented, with
very low to medium porosity.

4600
Millions of years (Not 10 scale)

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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@ Las Huertas Stream (2021-2023)
& Las Huertas Springs (2021)

& Capulin Spring (2021-2023)

x
X

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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&> Capulin Spring (2012-2017)

<> Las Huertas Springs (2012-2017)

(O LasHuertas Stream (2021-2023)
Las Huertas Springs (2021)

@ Las Huertas Stream (2012-2017)

4 Capulin Spring (2021-2023)

106.42 W

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.
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& Capulin Spring (2012-2017)

& Las Huertas Springs (2012-2017)

(O Las Huertas Stream (2021-2023)
Las Huertas Springs (2021)

@ Las Huertas Stream (2012-2017)

& Capulin Spring (2021-2023)

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 (HCO53') 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 d180) 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).
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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 CI- 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 NM 165 (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 rnorthern and middle portions
Sandia granite (pink).

of the Las Huertas watershed. Capulin Spring (CPS), Ellis Spring (ESP),
and Camp Spring (CSP) lie on colluvium over the Madera limestone. The
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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 dD) 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.
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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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