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1. INTRODUCTION
Deep groundwater upwelling at the downgradient ends of sedimentary 

basins in the Rio Grande rift is thought to be the primary cause of 
salinity increases in the Rio Grande as it flows southward through New 
Mexico (Mills, 2003). We investigate how this upwelling influences water 
quality and subsurface microbial community structure at San Acacia, 
NM (Fig. 1).

At San Acacia, we collected surface water samples from 2 locations 
and groundwater samples from 7 well nests, each containing a well 
completed at the water table (A wells) and a well completed 25 feet 
below the water table (B wells). One nest also contained a deep well 
completed 75 feet below the water table (C well). In addition, we 
collected baseline samples from two downstream transects, San Marcial
and Fort Craig, having no evidence of groundwater upwelling. The well 
transects sampled in this study are maintained by the New Mexico Tech 
Rio Grande Project led by Dr. Robert Bowman.
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2. SAMPLING SITES
San Acacia is located in the Socorro basin at the terminus of the 

Albuquerque basin (Fig. 1). San Marcial and Fort Craig are located 
farther south in the Socorro basin. Wells at each transect are completed 
in unconsolidated alluvium overlying the Santa Fe group. 

3. AQUEOUS CHEMISTRY
As previously described (Mills, 2003; Newton, 

2004), the TDS of samples from San Acacia is high 
(Fig. 3). Mn and Fe content in samples from San 
Acacia are much higher than Mn and Fe levels in the 
baseline samples (Fig. 4). We also detected 
substantial H2 levels and some CH4 at San Acacia 
(Fig. 5). Cl content, characteristically high in the 
upwelling water (Mills, 2003), correlates strongly with 
the major ions and Fe and Mn, but not with H2 and 
CH4 (Fig. 6). As, Se, and organic acid results are 
pending.

4. MICROBIOLOGY
We are presently analyzing samples filtered from 

the groundwater using terminal restriction fragment 
length polymorphism (TRFLP) and cloning and 
sequencing analysis. During sampling, we observed 
what appears to be oxidized iron in water from wells 
completed at the water table and particulate sulfide 
in water from wells completed below the water table 
(Fig. 7). These observations, along with the 
dissolved chemical analyses, suggest our molecular 
characterization of the microbial communities will 
reflect metal and sulfide oxidizing communities near 
the water table and sulfate reducing communities 
below. 

5. PRELIMINARY CONCLUSIONS
• The upwelling water increases the salinity of the 

groundwater at San Acacia, as previously noted.
• The correlation of Mn and Fe with Cl suggests 

that these metals are introduced by the upwelling 
water(?) Alternatively the upwelling water could 
stimulate Mn and Fe reduction(?)

• The H2 content is far above the range typically 
associated with SO4 reducing activity (1-15 nM; 
Loffler et al., 1999) in some samples. H2, 
therefore, likely serves as a major electron donor 
for the microbial community in the aquifer. Its 
source in the system may be organic matter 
degradation or the upwelling water.

Figure 6. Variation in Mn and dissolved H2
content with Cl. R2 = 0.885 for the Mn/Cl
line. Correlations of Cl with Fe and major 
ions are similar to the correlation with Mn. 
CH4, like H2, doesn’t correlate well with Cl.
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Figure 1. Location and 
configuration of the San 
Acacia transect. In the 
cross section, modified 
from Papadopulos & 
Assoc. (2003), the blue 
arrows depict the 
direction of shallow 
groundwater flow (see 
also Fig. 2). 

Figure 2. Variation in 
hydraulic head with 
distance across the 
transect. Groundwater 
temperature also 
decreases from west to 
east, ranging from 28° 
to 15°C during May 
sampling.
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Figure 3. Variation in 
HCO3, Cl, and SO4
with distance across 
the San Acacia 
transect. We observe 
similar spatial trends 
with Ca, Mg, K, Na, 
and Sr. TDS ranges 
up to 6500 mg/L at 
San Acacia compared 
to up to only 950 
mg/L in the baseline 
samples.

Figure 5. Variation in 
dissolved H2 and CH4
levels with distance 
across the transect. 
Dissolved gases have 
not yet been analyzed 
in baseline samples. 
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Figure 4. Variation in 
Fe and Mn content 
with distance across 
the transect. [Fe] and 
[Mn] are as high as 
8.0 and 7.5 mg/L at 
San Acacia compared 
to 1.6 and 1.3 mg/L in 
the baseline samples. 
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A well B well Figure 7. Water 
from an A well and a 
B well in the same 
well nest at San 
Acacia.
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4.1 Bench-Scale Study
Kirk has cultured acetotrophic As, Fe, and 
SO4 reducing microbes and methanogens
from San Acacia water for a separate lab 
based study. Sterile and live Fe and SO4
reducing cultures are shown in the 
uppermost pictures; results from As 
reducing cultures are at the bottom. The As 
data shown was collected by NASA 
SHARP students this summer (2005).
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• With depth below the water table, the microbial community shifts from oxidative to 
reductive metabolic activity, likely accentuated by the groundwater upwelling(?)


