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ABSTRACT—The southern Sacramento Mountains between Cloudcroft and Mayhill are underlain by a complex system of 
multiple perched aquifers overlying a deeper regional aquifer. This system is characterized by numerous springs that discharge 
water to streams, followed by reinfiltration downslope. Analysis of multiple environmental tracers reveals mixing of young 
(mostly 15–25 years) and old (>50 years) groundwater and interactions with surface water. Major ion chemistry evolves largely 
by the process of dedolomitization, from the range crest east through the Pecos Slope to the Roswell Artesian Basin. Down-
gradient changes in isotopic composition, evolution of water chemistry, and progressive increase in residence time indicate 
that recharge is focused at high elevations, largely above ~ 8200 ft (2500 m), and is dominated by winter precipitation. The 
exceptions are extremely wet summers, such as 2006 and 2008, which produced significant water level rises in high elevation 
wells, and briefly shift the isotopic composition of groundwater. Such events may induce recharge over larger areas than winter 
precipitation typically does, but their long-term volumetric significance is unknown. The high elevations of the southern Sacra-
mento Mountains are the primary source of recharge to the Pecos Slope aquifer and the Roswell Artesian Basin.

FIGURE 1. Study area outlined on map of the southern Sacramento Mountains and the Pecos 
Slope (solid black line). The principal intake area (PIA) defined by Fiedler and Nye (1933) is 
shown with a dotted line. Black dashed-dotted line shows extent of geologic map in Figure 2.

Appendix data for this paper  
can be accessed at:
http://nmgs.nmt.edu/repository/index.
cfm?rid=2014001 

INTRODUCTION

Numerous small towns in the southern Sacramento Mountains 
rely on high-elevation watersheds that recharge aquifers and 
streams. Severe declines in water levels and reduction in stream 
and spring flow in the early 2000s prompted concern over the  
viability of local water supplies and recharge to the groundwater  
basins that surround the mountains (Fig. 1). This paper provides  
an overview of the results of recent hydrogeologic studies  

Previous work

Geology

Meinzer and Hare (1915) and Fiedler and Nye (1933) per-
formed the first geologic and hydrologic studies of the western 
Sacramento Mountains and Tularosa Basin, and RAB respec-
tively. Geologic maps covering the study area and environs 
include those of Pray (1961), Sloan and Garber (1971), Kelley 

conducted by the New Mexico Bureau of  
Geology and Mineral Resources in the  
southern Sacramento Mountains (Land et  
al., 2012, Newton et al., 2012, Rawling, 
2012). The goals of this work were to 
develop a conceptual model of interactions  
between aquifers and surface water,  
delineate areas of groundwater recharge, 
and determine directions and rates of 
groundwater movement. Elucidating 
hydrologic connections between the south-
ern Sacramento Mountains and the Roswell 
Artesian Basin (RAB) were a particular 
focus (Fig. 1). The study area encompasses 
2400 square miles (6216 km2) between 
the western escarpment of the Sacramento 
Mountains near Alamogordo and the village 
of Hope, south and southeast of Mescalero 
Apache tribal lands (Fig. 1). Field methods,  
analytical procedures, background on  
geochemical methods, and all data  
collected during the geologic and hydro-
logic studies are described in detail in 
Newton et al. (2012).
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(1971), and Moore et al. (1988a and b). Portions of the maps of 
Pray (1961) and Black (1973) were incorporated into the geo-
logic map produced for this study (Fig. 2). 

Wasiolek and Gross (1983) investigated the Yeso Formation 
in James and Cox Canyons using logs of domestic water wells. 
Wasiolek (1991) presented lithologic logs of water wells up to 
1200 ft deep in the Yeso Formation on the Mescalero Apache 
Reservation. Childers and Gross (1985) investigated the geology 
of the Yeso Formation aquifer on the western Pecos Slope using 
geophysical and lithologic logs of oil test wells. Walsh (2008) 
investigated the relationship of fracture orientations and topo-
graphic lineaments to the locations of springs.

Hydrology 

Early hydrology studies include those of Meinzer and Hare 
(1915), Fiedler and Nye (1933), and Renick (1926). Hood (1960) 
reported the first chemical analyses of spring and well waters in 
the region. Mourant (1963) studied the Rio Hondo basin in the 
northern Sacramento Mountains. 

Fiedler and Nye (1933) argued that most recharge to the RAB 
artesian aquifer occurs within a belt (the principal intake area, or 
PIA) on the Pecos Slope a few kilometers west of Roswell (Fig. 
1), where the Rios Hondo, Felix, and Peñasco lose water through 
karst features in the San Andres Formation. They discounted the 
possibility of significant recharge to the RAB from the underly-
ing Yeso Formation because of presumed low hydraulic conduc-
tivity and poor water quality.

Bean (1949) suggested that substantial recharge to the RAB 
may originate in the foothills of the Sacramento Mountains west 
of the PIA (Fig. 1). Gerardo Gross, colleagues, and students exten-
sively investigated the hydrology of the artesian aquifer of the 
RAB and the adjacent Sacramento Mountains (Rabinowitz and 
Gross, 1972; Gross et al., 1976; Rabinowitz et al., 1977; Duffy et 
al., 1978; Davis et al., 1979; Gross et al., 1979; Gross and Hoy, 
1980; Rehfeldt and Gross, 1981; Hoy and Gross, 1982; Gross et 
al., 1982; Gross, 1982; Wasiolek and Gross, 1983; Gross, 1985; 
Childers and Gross, 1985; Simcox and Gross, 1985). They con-
cluded that much of the recharge to the RAB must be subsurface 
flow from the Yeso Formation, as leakage from losing streams in 
the PIA could not account for required recharge to the RAB. This 
was also required by the RAB groundwater model of Daniel B. 
Stephens and Associates (1995). 

More recently, Eastoe and Rodney (2014) used stable iso-
topes and environmental tracers to investigate recharge in the  
Sacramento Mountains and adjacent groundwater basins. Their 
preliminary results were reported in Eastoe and Hibbs (2005), 
which was referenced in Newton et al. (2012). The results of 
Eastoe and Rodney (2014) are in agreement with the present 
work and the related study of Morse (2010) on the Pecos Slope.

Methods

Field work was performed between 2005 and 2009. Data 
collection included 1:24,000 scale geologic mapping, measure-
ment of fracture and aerial-photograph lineament orientations  

(Walsh, 2008), examination of well logs and cuttings, one-time  
and repeated depth-to-water measurements in wells, and  
one-time and repeated sampling of wells, springs, streams,  
and precipitation for major and trace-element chemistry,  
stable isotopes, and environmental tracers. Sampling methods 
and analytical procedures and uncertainties are described in 
Appendix A. 

Regional Geology

Across the study area, the exposed rocks are gently  
east-dipping (2–3°) Permian Yeso and San Andres Formations 
(Figs. 2, 3). East of the range crest the land slopes more shallowly 
than the regional dip, thus the Yeso Formation is not exposed east 
of the longitude of Mayhill (Fig. 2). West of Mayhill, the Yeso 
Formation forms poor outcrop and is usually covered with col-
luvium or valley-bottom alluvium. It is composed of gray lime-
stone with minor gray to tan dolomite, gray, buff, and reddish 
shale, yellow to tan siltstone and fine sandstone, and gypsum. 
Thickness ranges from 1200 to 1800 ft (365 to 548 m) in the 
western Sacramento Mountains (Pray, 1961; Kelley, 1971) due to 
stratigraphic heterogeneity and dissolution of evaporites. Intra-
formational dissolution-collapse features and chaotic bedding 
dips are common in outcrop and well-logs. 

The overlying San Andres Formation is composed of light to 
dark gray and bluish-gray limestone and dolomite and contains 
abundant karst features including large cavernous fractures and 
sinkholes. It caps ridges west of Mayhill and forms the surface 
exposures east to Hope (Figs. 1, 2). Kelley (1971) estimated total 
thickness at 550 to 650 ft (168 to 198 m) based on mapping; 
results from this study indicate that the total thickness is ~1000 ft 
(305 m), based on mapping, cross-sections, and subsurface inter-
pretation. Thickness variations of ±200 ft (61 m) are likely across 
the study area. 

Joints are common in both San Andres and Yeso carbon-
ates. Walsh (2008) measured 170 joints at 70 sites and identi-
fied two dominant, nearly perpendicular, sets oriented NE-SW 
and NW-SE. Solution-enlarged conduits are abundant in bedrock 
pavements exposed in stream channels. Walsh (2008) also docu-
mented the influence of regional fracture trends and topographic 
lineaments on stream valley orientations and spring locations. 

Hydrology

Precipitation

Average annual precipitation in the Sacramento Mountains 
ranges from 26.9 in/yr (68.3 cm/yr) in Cloudcroft (elevation  
8810 ft, 2685 m) to 16.5 in/yr (41.9 cm/yr) in Elk (elevation  
5710 ft, 1740 m), and is strongly correlated with elevation 
(Newton et al., 2012). About half of the yearly total occurs 
during the summer monsoon (July - September), usually as thun-
derstorms. Winter is the driest period, and April is typically the 
driest month (Malm, 2003). Tropical storms from the Gulf of 
Mexico or eastern Pacific can contribute 25% to 30% of seasonal  
rainfall totals (National Weather Service Climate Prediction 
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FIGURE 2. Geologic map of a portion of the study area. Simplified from Rawling (2012).

FIGURE 3. Geologic cross-sections; locations shown on Figure 2. (See also Color Plate 12 and 13)


