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EXECUTIVE SUMMARY 
A baseline hydrogeologic data compilation was performed for the Lee Moore Watershed Study 
Area with respect to the general potential for future planned stormwater detention basins to 
contribute groundwater recharge to the local aquifer.  The study consisted of the following tasks: 

• Summarize geology from previous studies. 

• Evaluate surficial and regional geology and determine where geologic conditions are 
favorable for groundwater recharge from stormwater detention basins. 

• Estimate existing groundwater elevations from available groundwater elevation data. 

• Evaluate riparian zone habitat locations in relation to estimated groundwater elevations 
and water service provider well locations. 

The following observations can be made from the existing data: 

• Soil series and clay content estimates indicate increasing soils permeability in the central 
to northern areas of the Study Area, with lower permeability in areas of bedrock exposure 
in the south-central area.  Consequently, incidental recharge from stormwater basins may 
be most favorable in the central to northern part of the Study Area.   

• Older stream deposits (terraces) are more compacted and cemented than younger stream 
channel deposits and therefore should be identified and avoided if possible.  Stormwater 
capture/incidental recharge basins should be located on younger, typically highly 
permeable stream channel deposits along existing channels if possible.   

• Channel bottoms in the northern portion of the Study Area may also have lower 
permeability clays that should be evaluated on a site specific basis.  

• Well-based hydrogeologic cross-sections suggest that relatively-permeable surface 
alluvial sediments range from 0-100 ft in thickness above lower-permeability Fort Lowell 
formation sediments.  Fort Lowell formation sediments may contain low permeability, 
fine-grained units that may need to be evaluated on a site-specific basis.   

• Groundwater levels have dropped an average of 12 ft between 1995-96 and 2005-06, 
except for the Study Area’s northwest portion, adjacent to the Pima Mine Road Recharge 
Project where well water levels have increased by as much as 76 ft.   

• Groundwater levels below mapped riparian areas are typically greater than 60 ft below 
ground surface, suggesting that vegetation in these areas is dependent on water from the 
vadose zone rather than the underlying aquifer.   

• In areas where the presence of shallow lower-permeability layers above the water table 
create the potential for water perching, construction of flood control/recharge basins may 
enhance riparian vegetation development. 

• Site-specific evaluation of local hydrogeologic conditions is necessary to determine 
specific recharge-related characteristics of any location. 
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1.0  INTRODUCTION 
Under contract to Stantec Consulting Inc., GeoSystems Analysis, Inc. has performed a baseline 
compilation of hydrogeologic information in the Lee Moore wash area.  The baseline 
hydrogeologic compilation encompassed the following: 

• A summary of geology from previous studies. 

• An evaluation of surficial and regional geology and determine where geologic conditions 
are favorable for incidental recharge. 

• Identification of existing ADWR permitted wells and estimate existing groundwater 
elevations from available groundwater elevation data. 

• Evaluation of riparian zone habitat locations in relation to estimated groundwater 
elevations. 

• Evaluation of water service provider and other water-producing well locations and 
proximity to riparian habitat areas. 

1.1 Description of Study Area 
The Lee Moore Watershed Study Area (Study Area) is a watershed greater than 200 square miles 
in size and located in the southern portion of the Tucson Basin, south of the City of Tucson, 
within Townships 15-18S, Ranges 13-16E (Figure 1). The Tucson basin, a sub-basin of the 
Upper Santa Cruz River Basin, is a structural depression in the southern Basin and Range 
physiographic province in southeastern Arizona and drains northwest to the Santa Cruz River 
(Davidson, 1973), which constitutes the Study Area’s western edge. Figure 1 shows the Study 
Area location and delineates property ownership and water service provider areas.  

1.2  Hydrogeologic Assessment Methods 
GSA’s hydrogeologic assessment approach included a review of literature on surface and 
subsurface soils and hydrogeology and creation of maps and hydrogeologic cross-sections 
showing soil hydraulic characteristics, depth to bedrock, depth to water, distribution of water 
production wells, and subsurface geology.  Emphasis was placed on that portion of the Study 
Area with sufficiently deep water-conducting and water-bearing strata (i.e. basin fill) to be 
considered for a stormwater capture/incidental recharge basin.  The Santa Rita Mountain area in 
the Study Area’s southeast corner, with outcroppings of surface bedrock, (Figure 1) was 
excluded from further examination.  Data sets employed were predominantly broad in spatial 
scale and therefore appropriate for area-wide screening purposes and not as a substitute for on-
site field investigations. 

1.2.1 Soils and Geomorphology 
Soils in the Study Area were evaluated for the presence of soil types that could limit stormwater 
infiltration.  Soil surveys for Eastern Pima County (Cochran and Richardson 2003), Tucson-Avra 
Valley (Gelderman 1972), and the Upper Santa Cruz (Richardson et al. 1979) were reviewed and 
digital spatial and tabular data from these surveys from Natural Resource Conservation Service’s 
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(NRCS)  Soil Data Mart (U.S. Dept. of Agriculture, NRCS 2006) were used for mapping and 
analysis.  Estimated soil clay content and permeability were among those characteristics 
examined. 

Stream channel coverages from the Pima County Dept. of Transportation’s GIS Division (2006) 
were used for mapping, as were surface bedrock coverages from the Arizona Dept. of Water 
Resources (ADWR) GIS Data CD-ROM (2002) and a 10-m digital elevation model of land 
surface elevation constructed by Stantec. 

1.2.2 Subsurface Hydrogeology   
Literature on the subsurface geology of the Study Area was reviewed for the purpose of 
identifying potentially infiltration-limiting units. Oppenheimer and Sumner’s (1980) depth-to-
bedrock map was used to approximate depth to bedrock in the Study Area.  Data from ADWR 
databases concerning wells in the Study Area were used to describe subsurface 
hydrostratigraphy, location and recent movement of the water table, and areas of ongoing high-
volume water extraction and recharge.   

Water production wells in the Study Area were identified using ADWR’s Wells-55 Database 
(2006), which contains records for wells registered with the State of Arizona.  The list of wells is 
in Appendix 1.  To construct cross-sections providing information on localized hydrogeology, 
driller well logs were examined.  For each well in the Study Area, the Wells-55 well registration 
number was searched in the ADWR Imaged Records Database (ADWR 2006) for usable logs, 
and when available, the logs were recorded.  Most wells with usable logs were domestic water 
production wells located on privately-held land in the western half of the Study Area.  A subset 
of wells with usable logs was then mapped to identify combinations of 3 to 5 wells covering a 
linear distance of approximately 1 mile and oriented perpendicular to the general direction of 
groundwater flow.  Driller log hydrostratigraphic unit descriptions were simplified to note depth 
interval indications of the presence of sand/gravel/rock, clay, or conglomerate and cross-sections 
were drawn using AutoCAD 2006®.   

The ADWR GWSI (Ground Water Site Index 2006) database was queried to establish a set of 
wells within and around the Study Area with water level measurements made from January 1, 
1995 to June 16, 1996 and from January 1, 2005 to June 15, 2006.  GWSI measurements are 
most often made between November and April during the low-pumpage portion of the water year 
(T. Davis, ADWR, personal communication 1/07).  ArcView 9.1® (2006, ESRI, Redlands, CA) 
was used to create a subset of wells within a 1-mile buffer outside the Study Area boundary.   

Depth to water and water table elevation data for these wells were reviewed for data quality and 
some data points were excluded based on comments recorded at measurement.  Where multiple 
measurements had been recorded in either of the two time periods, only the most current 
measurement was included.  Contour mapping graphics were created with a kriging function in 
Surfer® (ver. 8.03, 2003, Golden Software, Inc., Golden, CO).    
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1.2.3 Riparian Areas 
The ADWR Wells-55 (2006) database was queried to define subsets of potentially high-volume 
production wells in the Study Area and location relative to riparian habitat.  From the Wells-55 
database, well subsets were extracted for Non-Exempt status water production.  Map coverages 
with these wells were overlaid on a base map showing Study Area riparian areas. 

2.0  SOILS AND GEOMORPHOLOGY 
Soil survey mapping was used to generate a broad view of surface conditions in the Study Area 
and to identify areas with infiltration characteristics generally suitable for construction of a 
stormwater capture/incidental recharge basin.   

Figure 2 shows soil associations and boundaries of the three soil survey areas included in the 
Study Area.  Soil associations are composed of two or more soil series with a distinctive pattern 
of soils, relief, and drainage.  Soils mapping at this scale is useful for comparing the suitability of 
large areas for various community and engineering uses.  Emphasis here was placed on 
identifying areas with different ranges of water infiltration under saturated conditions.  Soil 
associations exhibiting high infiltration in their natural state may have a greater potential for 
recharging the underlying aquifer than do those with low infiltration.   

Table 1 presents detailed permeability characteristics of soil associations shown in the 
generalized soils map (Figure 2).  Soil associations in Table 1 are arranged by landform 
beginning with soils located on lower elevation landforms (e.g. the basin floor) and ending with 
those on higher elevation landforms (e.g. terraces and piedmont plains).  The major soil series 
comprising each association are described beginning with the soil comprising the greatest 
percentage of the landform and ending with the soil comprising the lowest percentage of the 
landform, excluding minor soil series.   Although these percentages are based on the entire area 
of each survey, it is expected that Lee Moore Watershed Study Area is generally representative 
of the survey areas.     

The majority of the data in Table 1 were obtained from tables in the soil surveys listing 
engineering properties of the major soil series and not of the association.  As a result, it was 
necessary to estimate pertinent engineering data for soil associations based on data for their 
constituent soil series.  Permeability data for each association were obtained by combining 
permeability data from the major soil series making up the soil association as follows: 
 

• For each major soil series, the midpoint of the permeability range for each textural layer 
was assumed to be a representative value for that layer. 

• These permeability midpoints were then used to determine the harmonic mean of layers 
(Bouwer, 1986) present from ground surface to a depth of 20 to 30 inches below ground 
surface (bgs) for each major soil series. 

• These harmonic means were then weighted based on the fraction of the total area of the 
soil association occupied by each soil series, and then summed to provide a representative 
harmonic mean for the entire soil association. 
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The harmonic mean permeability of layers in the upper 20 to 30 inches of soil associations 
ranges over 2 orders of magnitude from 8.3 ft/day to 0.06 ft/day.  Soil association permeability 
ranges from moderately rapid in basin floor, flood plain, alluvial fans, and relic fan terrace 
landforms to moderately slow in fans, terraces, and piedmont plains.  That is, there appears to be 
an inverse relation between the relative elevation of landforms and the permeability of the soil 
associations.   

A map showing qualitative permeability by soil association is presented in Figure 3.   Note that 
the higher permeability soil associations are located in the northern and central portions of the 
Study Area and the lower permeability associations are located in the southern portion.  This 
corresponds, in general, to the inverse relationship between the relative elevations of the 
landforms and permeability as described above.  

A map showing soil percent clay is presented in Figure 4.  For this map, data on soil clay content 
were taken from the detailed soil map units with measurements for specific soil series.  Note that 
there may be differing evaluations of clay content in contiguous map units across the boundaries 
of separate soil surveys.  Figure 4 shows large areas of higher clay content (>20%, lower 
permeability) in the south central portion of the Study Area as well as in stream channel interiors 
in the northern portion.  The northern Study Area has a relatively flat surface topography (Figure 
1) and the higher clays present in these channels indicate the presence of deep deposits of 
alluvium, which may provide high recharge potential.  For example, the Pima Mine Road 
Recharge Project, located just to the west of the Study Area (Figure 4) recharges on average 
2,000-2,500 acre-ft/month (Central Arizona Project, 2006). 

3.0  SUBSURFACE HYDROGEOLOGY 
Permeability of geologic layers overlying and including the aquifer determine the potential rate 
of recharge and water storage capacity beneath a stormwater capture/incidental recharge basin.  
Literature on the hydrogeology of the southern central Tucson Basin was reviewed with 
particular attention to units at these depths below the ground surface.   

The Study Area lies across a deep basin, and, for overview purposes, Figure 5 shows 
approximate depth to bedrock and indicates the deepest bedrock (11,200+ ft bgs) to be in the 
north-central portion, with depths decreasing to approximately 8,000 ft bgs to the south-central 
edge, to 3,200 ft bgs along the Santa Cruz River, and to less than 400 ft bgs at the base of the 
Santa Ritas. 

An interpretation of Tucson Basin stratigraphy was presented by Davidson (1973) based on 
examination of geologic data from numerous water supply and test wells.  This interpretation 
was later revised by Anderson (1987).  Table 2 summarizes Anderson’s stratigraphy for the 
upper approximately 1,100 ft of basin fill deposits in Exxon State Well (32)-1, located north of 
the Study Area (Figure 5).  Since the Davidson (1973)/Anderson (1987) statigraphic unit 
nomenclature has been in use for more than 30 years and appears in numerous Tucson Basin 
technical reports, it will be used in this report.  This interpretation (Table 2) shows surficial 
alluvial deposits overlying the Fort Lowell Formation and Tinaja Beds, in which the primary 
aquifer is located.  These latter two units overlie the Pantano Formation. 
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A recent report by Houser et al. (2004) presents a revised stratigraphy based on drill cuttings and 
geophysical logs from nearly the entire 12,556 ft depth of the same well.  Table 3 shows the 
revised unit descriptions.  It is possible that the Houser et al. (2004) interpretations will 
eventually be shown to have more merit for describing hydrogeology in the Tucson Basin than 
earlier studies  This conclusion however, would require the revision of several key hydrogeology 
reports for the Tucson Basin.  

3.1  Surficial Deposits 
Surface alluvial deposits constitute the primary material through which water moves into the 
aquifer and their depth and thickness in a potential basin are critical to determining the 
infiltration rate at that site.   

Present-day stream channels contain the youngest surficial deposits, which were laid down by a 
north-northwest-flowing stream system in an open inter-basin depositional environment; such as, 
where the Santa Cruz River connects with the Gila River, which drains into the Colorado River.  
Deeper, older stratigraphic units, including the Fort Lowell Formation and the Tinaja beds, were 
deposited primarily in a closed basin environment (i.e. no interbasin through-flow drainage) and, 
hence, may contain more fine-grained materials. The distribution of these deposits have been 
described by Smith (1938) and later revised by Pashley (1966).   

Surficial deposits along streams are 40 to 100 ft thick and average approximately 50 ft thick.  
The terrace and stream alluvium is composed of coarse gravel, silty gravel, and gravelly sand to 
sandy silt.  All surficial deposits are well-drained and unsaturated except along some portions of 
the Santa Cruz River where the water table is too high to drain them.  The older deposits making 
up terraces are more compacted and cemented than are younger stream deposits (Davidson, 
1973) and are not favorable for groundwater recharge of retained stormwater.  In contrast, stream 
channel deposits are generally loosely-packed and uncemented, and therefore rapidly transport 
significant amounts of floodflow downward to the underlying aquifer.  In general, the coarse 
nature of the surficial deposits should not restrict natural or artificial infiltration and groundwater 
recharge.   

Figure 6 shows a map locating the cross-sections to be discussed in this report.  Figure 7 shows 
Davidson’s (1973) cross-section “H”, running east-west across the north-central portion of the 
Study Area.  The four easternmost wells are within the Study Area boundary.  Figure 7 illustrates 
the relatively thin (0-100 ft bgs) layer of recent alluvium and the increasing depth of the primary 
aquifer (Fort Lowell Formation and Tinaja Beds) from the Study area’s edges toward its center.   

This cross-section also shows a general increase in fines content in the surficial and underlying 
deposits from the eastern edge of the Study Area to its center.  These trends in fines content are 
reasonable and consistent with sediment deposition processes and subsurface data from other 
studies in the Tucson basin.   

However, the relatively low percentages (generally less than 30%) of coarse-grained materials 
(gravel and sand) shown in both surficial and underlying deposits in Figure 7 are not consistent 
with information and data presented herein, nor with data in several recent in-depth 
hydrogeologic characterization studies in the Tucson Basin.  That is, less than 30% coarse 
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material is far too low compared to laboratory-measured particle size distribution data from 
recently drilled boreholes in the Tucson Basin.  For example, recent studies in Cañada del Oro 
(GeoSystems Analysis, Inc., 2000) and in Rillito Creek (Hoffmann and Others, 2002) have 
shown that recent alluvium and the underlying Fort Lowell Formation generally contain more 
than 70% coarse materials.  Although these studies were conducted a considerable distance to he 
northwest of the Study Area, the percentage of coarse material measured is likely more 
representative of the Fort Lowell Formation in the Tucson Basin than the values shown in Figure 
7.  The low percentages of coarse material shown in Figure 7 are likely the result of attempting 
to extract quantitative data (% coarse material) from very qualitative and often poor quality drill 
logs.  In summary, the graphs of percent coarse material in Figure 7 likely provide useful data 
regarding general trends in coarse (and fine) particle size fractions, but should not be considered 
useful to provide accurate quantitative data on size fractions.  

Figures 8, 9, and 10 show well-log cross-sections for three shorter transects (A, B, and C, 
respectively) in the Study Area.  Locations for these transects, each running approximately 
southwest to northeast, perpendicular to surface and groundwater flow, are shown in Figure 6.  
Wells were drilled to between 350 and 500 ft bgs in surficial deposits.  Although driller logs for 
transects A and B indicate the presence of clays and some conglomerate/caliche layers through 
most depth increments in all the wells, they also noted sand, gravel or rock content through most 
of the well depths.  Only the two northeastern wells in transect C, in the Study Area’s southwest 
corner, show fines and conglomerate/caliche layers extending from the surface to beyond the 
first 25 ft bgs.   

3.2  Fort Lowell Formation/Upper Tinaja Beds 
The Fort Lowell Formation is a productive water-bearing unit in which the water table is most 
often located.  Its depth and thickness beneath a potential basin site will influence the storage 
potential and infiltration rate for that basin. 

The Fort Lowell is a locally-derived sedimentary deposit unconformably overlain by younger 
surficial deposits and unconformably overlying the older Tinaja Beds in most of the Tucson 
Basin (Davidson 1973, Anderson 1979).  The Fort Lowell deposits consist of 300 to 400 ft of 
gravel to clayey silt throughout most of the basin, but thin toward the mountains.  As a result of 
its fluvial depositional environment, the formation grades from a silty gravel near the margin of 
the basin to a silty sand and clayey sand, with decreasing permeability, in the central part of the 
basin.    

Figure 7 shows the Fort Lowell across the northern portion of the Study Area trending from 
approximately 250 ft thick (10 ft bgs) on the western and eastern edges to 400 ft thick (100 ft 
bgs) near the Santa Cruz.  Cross-sections for the easternmost two wells show the Fort Lowell to 
be fully saturated, while the two westernmost wells show an unsaturated zone in the upper one-
quarter to two-thirds of the unit.   

In some locations, including along the margins of the Study Area’s eastern and western slopes, 
the upper surface of the Fort Lowell does not appear to be eroded and a red clayey soil underlain 
by caliche cemented zone has developed in the upper few feet of the unit.  Other potentially 
lower-permeability layers are interpreted to be present at depth within the Fort Lowell and the 
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Upper Tinaja beds based on density geophysical logs in Exxon State Well (32)-1 by Houser et al.  
(2004).  These researchers interpret numerous higher and intermediate bulk density peaks in the 
upper approximately 1,100 ft to be due to the presence of thin calcite cemented gravel 
(conglomerate) beds less than 5 ft thick; and slightly indurated, calcareous micaceous siltstone 
and sandstone beds 5 to 10 ft thick, respectively. 

Despite the prevalence of finer-textured sediments (silty sand and clayey silt) in the Fort Lowell 
Formation, Davidson (1973) states that the Fort Lowell Formation is a highly permeable unit and 
supplies a significant amount of water used in the basin.  Well test data indicates that Fort Lowell 
permeabilities range from 150 to at least 700 gpd/ft2, water supply wells commonly yield 500 to 
1,500 gpm, and specific capacities range from 10 to 100 gpm per ft of drawdown (Davidson, 
1973).  A high horizontal permeability allows water to move beyond the lateral extent of any 
low-permeability stratum and downward in a stair-stepping manner toward the aquifer.  The Fort 
Lowell exhibits these favorable productivity values despite often being unsaturated over 50 
percent of its thickness at many locations.  Finally, nearly all water produced from the Fort 
Lowell Formation contains less than 500 mg/L dissolved solids, is a calcium sodium bicarbonate 
type, is moderately hard to hard, and is well suited for public supply (Davidson, 1973).  

The Upper Tinaja Beds, which also contain lower-permeability facies, are another major 
producing aquifer in the Tucson Basin (Davidson, 1973).  Parameters related to the water-
producing capability of the Upper Tinaja Beds are expected to be slightly less favorable than 
those presented for the Fort Lowell Formation.  Since the Upper beds are more permeable than 
underlying beds, it is expected that Upper bed parameters to be near the upper end of the 
parameter ranges given by Davidson (1973).  These ranges are as follows:  permeability – 10 to 
400 gpd/ft2, transmissivities – 10,000 to 150,000 gpd/ft, and specific capacities – 1 to 40 gpm per 
ft drawdown. 

Although the saturated portion of the Fort Lowell formation likely will provide no obstacles to 
natural or artificial recharge, lower-permeability layering in the overlying unsaturated zone, 
when laterally extensive, may restrict the downward movement of water and result in perching 
and lateral spreading.  Site-specific work may be required to evaluate these potential perching 
layers when conducting more in depth evaluation of artificial recharge potentials of sediments in 
Lee Moore watershed.  

3.3  Groundwater 
Depth to groundwater and groundwater movement beneath the Study Area will affect the storage 
capacity and the sphere of influence of recharged stormwater.  Water table location and changes 
in the water table elevation over time were examined to identify areas where a stormwater 
recharge basin might provide an offset to groundwater losses due to withdrawal. 

Figures 11 and 12 show depth to water in the Study Area generated from measurements made in 
GWSI wells in 1995-6 and 2005-6, respectively, and Figures 13 and 14 show groundwater 
elevation in the Study Area generated from measurements made in the same two periods.   
Appendices 2a and 2b provide lists of GWSI wells with water level measurements in 2005-6 and 
1995-6, respectively.  Note that the set of wells where depth to water was measured in the 1995-
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6 time period (Figure 11) differed somewhat from the set of wells measured in the 2005-6 period 
(Figure 12); and as expected, kriged contour lines are somewhat different.   

In addition, two wells (GWSI Well Site IDs 31584011463701 and 320253110423701) exhibit 
depth to water values approximately 100 ft deeper than most nearby wells suggesting that 
significant pumping is occurring from these wells.  To improve the fit between kriged contour 
lines and measured values in the area west of Houghton Rd and east of Sahaurita Rd in and near 
the Study Area, these two wells were removed from the 1995-6 well data set, and the former well 
(GWSI ID 31584011463701) was removed from the 2005-6 data set.  Finally, because of the 
virtual absence of depth to water measurements in the region east Houghton Rd and south of 
Sahaurita Rd (Figures 11 and 12), the kriged contour lines in this region likely have little, if any 
meaning.   

Groundwater flow, like that of surface water, is toward the northwest, except near the Santa Cruz 
River in 2005-6 (Figure 14), where groundwater levels have been impacted by the 
implementation in 2000 of the Pima Mine Road Recharge Project (PMRRP) located just west of 
the Study Area (Central Arizona Project 2006).  

Of those 63 wells having GWSI water level measurements in both 1995-6 and 2005-6, 27 wells 
showed declines between 1 and 25 ft (mean decline of 13 ft) and 33 showed recoveries between 
3 and 76 ft (mean recovery of 38 ft).  Three wells showed no change in groundwater level.  Table 
3 provides a list of these wells with water table elevation and depth to water during both time 
periods. 

Shallow groundwater (46 to 202 ft bgs) is found within approximately 3 miles of the Study 
Area’s western edge where groundwater measured in the same wells in both time periods 
examined has risen an average of 28 ft (median of 30 ft and range of -19 to +76 ft) due to 
operation of the PMRRP.  Water levels in wells located east of that 3-mile area range in depth 
from 42 to 555 ft bgs and have declined a mean 12 ft (median of -13 ft and range of -25 to +5 ft) 
in the 10-year period.  Figure 15 shows the change in water levels between 1995-6 and 2005-6 
from east to west. 

The ADWR Wells-55 database was used to identify potentially high water production wells in 
the Study Area.  As of September 2006, the database contained records for 570 water production 
wells in the Study Area.  487 of these records include an installation date and, of these, 350 were 
installed by June 1996 and 137 were installed after that date (by June 2006), representing a 39% 
increase in the number of wells during the 10-year period.  Because these wells are all “Exempt” 
stock or domestic wells, they typically use less than 2 acre-ft per annum (afa), however, 
depending on the aquifer transmissivity and storativity, this rate of use over a 10 year period 
could still result in a substantial amount of aquifer drawdown.  It is not known whether any of 
the 83 wells with unknown installation dates contribute to the observed drawdown. 

Because wells with measurements are unevenly distributed spatially throughout the Study Area 
and are particularly sparsely distributed in its eastern and southern portions, groundwater 
elevation interpolations are made over broad ranges and should be cautiously interpreted.  Also 
note: Unless specific geographic coordinates are provided by the driller or well owner, ADWR 
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assigns to both the ADWR Wells-55 and GWSI databases approximate UTM coordinates, using 
the cadastral location, to the 10-acre (center point of the ¼ x ¼ x ¼ section) level.  Mapped well 
coordinates may therefore differ somewhat from on-the-ground well locations. 

4.0  RIPARIAN AREAS 
Conservation of riparian habitat in the Study Area requires ensuring a reliable water source for 
mesquite and other riparian plant species.  In addition, the presence of a stormwater 
capture/incidental recharge basin may offer the potential to offset groundwater losses from 
nearby water production wells or result in shallow perched groundwater that could be utilized by 
vegetation.   

Figure 16 shows depth to water generated from 2005-6 GWSI measurements relative to riparian 
habitat in the Study Area.  This figure indicates that, within the mapped riparian areas, the 
regional groundwater table is well below the maximum depth (10-30 ft bgs, Stromberg et al. 
1996) used by facultative phreatophytes, such as mesquite, which inhabit the area’s riparian 
corridors.  Although the groundwater elevation data in some areas are sparse, these data indicate 
that the Lee Moore Watershed riparian habitat areas are most likely supported by seasonal 
precipitation stored within the vadose zone (i.e. perched water).  The extent to which facultative 
phreatophytes require groundwater is reflected in the canopy density (Scott, 2007).  For example, 
groundwater use by mesquites on the terrace deposits of the San Pedro River vary greatly, such 
that lower mesquite density areas have been observed to rely mainly on precipitation (Scott et al., 
2000), whereas higher mesquite density areas are reported as using primarily groundwater (Scott 
et al., 2004).  Recent work has also shown that mesquite have the ability to hydraulically 
redistribute near surface soil water to greater depths for future use during dry periods (Hultine et 
al., 2004).  Consequently, in the absence of additional field data collection on mesquite density 
and the occurrence of shallow groundwater in these areas, the existing data indicates that the 
riparian habitat areas are not connected to the regional aquifer system. 

Figure 16 also shows all wells with “Non-Exempt” status and their primary water use.  Most of 
these are domestic and irrigation wells located along the Santa Cruz River and municipal water 
service wells distributed across the northwest quarter of the Study Area.  Most of these wells, 
and 11 of the 14 wells located actually within a riparian area, are in the zone due west of the 
PMRRP, where the water table is rising due to this large-scale recharge effort.  Consequently, it 
is unlikely that groundwater pumping from the regional aquifer will impair riparian habitat 
present in the Lee Moore Watershed area.  Nonetheless, site specific monitoring would be 
necessary to confirm the absence (or presence) of shallow groundwater conditions. 
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5.0 SUMMARY  
A baseline hydrogeologic data compilation was performed for the Study Area with respect to the 
general potential for stormwater detention basins to contribute groundwater recharge to the local 
aquifer.  The following observations can be made from the existing data: 

• Soil series data indicate increasing soils permeability in the central to northern areas of 
the Study Area, inversely proportional to surface elevation.  Consequently, stormwater 
capture/incidental recharge basins in the central portion of the Study Area may be more 
favorable for recharge. 

• Soil clay content distributions indicate areas of potential moderate permeability in the 
central and southwestern regions of the Study Area; and lower permeability and slower 
infiltration in areas of bedrock exposure in the south-central area and in channel bottoms 
in the northern portion of the Study Area.  The presence and the likely effect of restrictive 
clays on recharge from stormwater capture/incidental recharge basins should be evaluated 
on a site-specific basis.   

• Older stream deposits (terraces) are more compacted and cemented than younger stream 
channel deposits and therefore should be identified and avoided if possible.  In contrast, 
younger stream channel deposits along existing channels can be highly permeable.  
Stormwater/recharge basins should be located on these younger deposits, if possible.  

• Well-based hydrogeologic cross-sections suggest that relatively-permeable surface 
alluvial sediments range from 0-100 ft in thickness above the lower-permeability Fort 
Lowell Formation.  Even though the underlying Fort Lowell Formation has numerous 
lower permeability layers, they are likely not continuous over long distances.  The 
presence and the likely effect of such layers in restricting recharge from stormwater 
capture/incidental recharge basins should be evaluated on a site-specific basis.   

• Groundwater levels have dropped an average of 12 ft between 1995-96 and 2005-06, 
except for the Study Area’s northwest portion, adjacent to the Pima Mine Road Recharge 
Project, where well water levels have increased by as much as 76 ft.   

• Interpolated groundwater elevations below mapped riparian areas are greater than 60 ft 
below ground surface, suggesting that vegetation in these areas is dependent on stored 
vadose zone water rather than the regional aquifer.   

• In areas where the presence of shallow lower-permeability layers above the water table 
create the potential for groundwater perching, construction of flood control/recharge 
basins may enhance vegetation development. 

• Site-specific evaluation of local hydrogeologic conditions is necessary to determine 
specific recharge-related characteristics of any location. 
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Table 1.   Permeability of Soil Associations in the Lee Moore Wash Study Area

 Soil 
Association Landform Soil Series 

Approximate 
Fraction of 
Association 

Area Occupied 
by Soil Series 

(Ignoring Minor 
Soils)1

Depth 
below 

Ground 
Surface Dominant USDA2 Texture USCS3 Group Symbol Range Midpoint

Harmonic Mean of 
Layers in Upper 
20 to 30 inches5 

Harmonic Mean 
Weighted by 

Fractional Area of 
Major Soils 

Qualitative 
Permeability6 of 
Soil Association 

Based on 
Harmonic Mean 

inches bgs feet/day feet/day feet/day feet/day
0-24 Sandy loam SM, SC-SM 4-12 8.0
24-38 Gravelly sandy loam SM, SC-SM 4-12 8.0
38-60 Gravelly loamy sand, loamy sand SM, SP-SM, SC-SM 12-40 26.0
0-3 Loam SC, CL, CL-ML, SC-SM 1.2-4 2.6
3-6 Sandy loam SC, SC-SM, 4-12 8.0
6-40 Sandy clay loam, clay loam SC, CL 1.2-4 2.6
40-60 Loam SC, SC-SM, 1.2-4 2.6
0-2 Sandy Loam SM, SC-SM, SC 4-12 8.0
2-14 Loam CL, CL-ML 1.2-4 2.6
14-31 Clay CH, MH 0.12-0.4 0.26

Grabe 0.43 0-60

Loam stratified with sandy loam, silt 
loam, and silty clay loam (gravelly in 
places) SM or ML 1.26-4 2.64

2.64

Anthony 0.32 0-60 Gravelly sandy loam or sandy loam SM 4-12.6 8.30 8.30

Gila 0.25 0-60

Loam stratified with very fine silt 
loam, sandy loam, and silty clay 
loam ML or CL 1.26-4 2.64

2.78

Sonoita 0.56 0-72 loam surface layered in laces) SC or ML 1.26-4 2.64 2.64
0-24 Sandy loam SM 4-12.6 8.30
24-48 Sandy clay loam SC 0.4-1.26 0.82
48-60 Sandy loam SM 4-12.6 8.30
0-10 clay loam, and clay SM, ML, SC, or CH 1.26-12.6 7.00
10-25 Clay CH 0.12-0.4 0.26
25-45 Clay loam CL 0.4-1.26 0.84
45-60 Very fine sandy loam ML 1.26-4 2.64
0-2 Very cobbly sandy loam SC, SC-SM 4-12 8.0
2-30 Extremely cobbly sandy clay loam GC 0.4-1.2 0.8

30-60 Extremely gravelly sandy clay loam GP-GC 0.4-1.2 0.8
0-10 Very gravelly sandy loam GM, GM-GC, GP-GM 4-12 8.0

10-19
Very gravelly loam, very gravelly 
sandy loam, gravelly sandy loam

GM-GC, SC-SM, GC, 
SC 4-12 8.0

19-40
Extremely gravelly loam, extremely 
gravelly sandy loam

GC, GM-GC, GP-GM, 
GM 4-12 8.0

40-60 Very gravelly loamy sand GP-GM, GM, GM-GC 12-40 26.0
0-7 Gravelly fine sandy loam SM, SC-SM 1.2-4 2.6
7-20 Indurated - <0.1210 0.0410

20-60 sand loam SM 4-12 4.0

0-11
Gravelly loam (loam or gravelly 
sandy loam in places) SM or ML 1.26-12.6 7.00

11-42 Indurated hard pan - >0.1210 0.0410

42-60
Weakly cemented gravelly loamy 
coarse sand SM 0.12-0.4 0.26

0-54 Gravelly loam SM 1.26-4 2.64
54-64 Very gravelly sandy loam GM 4-12.6 8.30
0-33 Clay loam CL 0.4-1.26 0.84
33-60 Loam ML 0.4-4 2.60

0-14 Gravelly clay loam and clay CH 0.12-1.2 0.66
15-60 Gravelly sandy loam SM, SM-SW 1.2-4 2.6
0-39 Gravelly loam, clay loam, and clay CL 0.12-0.4 0.26
39-78 Gravelly sandy clay loam SC 0.4-1.2 0.8

Hathaway 0.19 0-60

Gravelly sandy clay loam, gravelly 
and  very gravelly sandy loam, and 
sandy loam GM, GM-GP 1.2-4 2.6

2.6

0-10
Gravelly sandy loam and gravelly 
sandy clay loam SM, SC 1.2-4 2.6

31-72
Gravelly and very gravelly sandy clay
loam, and gravelly sandy loam SC 1.2-4 2.6

Sonoita 0.47 0-70 Gravelly sandy loam SM 0.4-1.2 0.8 0.8

1.06

0.86

8.00

0.38

Pinaleno-
Stagecoach-

Cave

Fan terraces, 
relic fan 

terraces, and 
hills

Permeability4 Numerical and Qualitative Values

Hayhook-
Mohave-Tubac

Basin floors 
and fan 
terraces

5.2 Moderately Rapid

0.06

8.30

0.42

Continental-
Sonoita 

Fans and 
terraces

Fans and 
piedmont 

plains

Bernardino-
White House-

Hathaway

6  See definition of permeability in Richardson, Clemmons, and Walker (1979), and Cochran and Richardson (2003). 
7  Hydrologic groups defined in Table 5.
8  Assume Hydrologic Groups A, B, C, and D have numerical values equal to 4, 3, 2, and 1, respectively. 

1 Assumes fractional area occupied by each soil series in the associations covered by the soil survey (Cochran and Richardson, 2003) is approximately equal the fractional area in the associations within Lee Moore Wash. Minor soil series are ignored.
2  U.S. Department of Agriculture.
3  Unified Soil Classification System.
4  Equivalent to infiltration or percolation rates.

Grabe-Anthony-
Gila 

Sonoita-
Valencia-Tubac

Flood plains 
and alluvial 

fans

Terraces and 
alluvial fans

Cave-Rillito-
Mohave

Low 
dissected 
terraces

Valencia

5   A layer which ends in the interval of 20 to 30 inches below ground surface is assumed to be the bottom-most layer in the calculation.  If a layer does not end over this depth interval and ends at a depth exceeding 30 inches, it is assumed to end at 30 inches and is 
considered the bottom-most layer. If the bottom-most layer is bedrock and extends less than 20 inch bgs, it is assumed to extend downward to 20 inches.

Hayhook 0.54

Mohave 0.26

Tubac 0.20

Pinaleno 0.61

0.22

Tubac 0.21

Continental

Stagecoach 0.28

Cave 0.12

Bernardino 0.47

White House 0.35

Cave 0.49

Rillito 0.38

Mohave 0.13

Moderately Slow

8.00

2.78

0.72

2.7 Moderate

0.84

2.64

0.08

0.2

0.53

4.5 Moderately Rapid

3.4 Moderate

1.14 Moderately Slow

0.6 Moderately Slow

1.0

9  Qualitative infiltration (transmission) and runoff rates are defined in Table 5.

GeoSystems Analysis , Inc. Table 1
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Table 2.  Cenozoic Stratigraphy of Exxon Well (32)-1 for Fort Lowell Formation through Middle Tinaja Beds Anderson (1987) 

Top Bottom
ft bgs ft bgs

0 30a
Mature through-flowing stream flow resulting in 
alluvial fans, sheetflow, and stream channel 
deposits

Tens of feet of gravel and gravelly sand of 
fluvial orgin.

Holocene to Late 
Pleistocene (Present 
to ~1.3 Ma)

30a 350b

Transition from closed-basin to interbasin 
depositional environment (through-flow drainage) 
resulting in deposition of alluvial fans and alluvial 
plains from materials from the surrounding 
mountains.

300 to 400 ft of gravel to clayey silt
Late Pleistocene to 
Late Pilocene (~1.3 
to ~2 Ma)

Upper 350b 1114b Second episode of basin and range block faulting 
sedimentation, and subsequent uplift 

Hundreds of feet of sand and clayey silt in 
center of basin and gravel and sand on the 
edge of the basin.  No accumulation of 
evaporites.

Late Pliocene to Late 
Miocene (~2 to ~6 
Ma)

Middle 
First episode of basin and range block faulting 
and horst-garben trough formation,, 
sedimentation, and subsequent uplift 

Thousands of feet of coarse to fine grained 
sediments and evaporites.  Gypsiferous 
and anhydric clayey silt and mudstone.  
Missing along edge of basin.

Late Miocene(?) to 
Middle Miocene(?) 
(~6 to ~12 Ma)

Lower
Widespread continental sedimentation, 
volcanism, plutonism, uplift, and complex faulting 
and tilting of rock units

Silty gravel and conglomerate
Middle Miocene(?) to 
Early Miocene(?) 
(~12 to ~24 Ma)

6170c 8256c
Widespread continental sedimentation, 
volcanism, plutonism, uplift, and complex faulting 
and tilting of rock units

Conglomerate, sandstone, mudstone, and 
gypsiferous mudstone.  Interbedded in 
places with volcanic flows and tuffs, and 
locally contain landslide debris and lenses 
of megabreccia.

Late Oligocene(?) to 
Late Eocene(?) (~24  
to ~38 Ma)

Surficial Deposits

Pantano  Formation

Fort Lowell Formation

Stratigraphic Unit

Sub 
Unit Age (Epoch)Depositional Environment Rocks

Depth Interval 

c  Assumed Anderson (1979) contact of Lower Tinaja beds/Pantano Formation is the same as the Lower Basin Fill/Pantano Formation in Hauser et al. (2004). 

1114b 6170c

a  Average thickness of surficial alluvium below terrace level is less than 30 ft per Davidson (1973).
b  Estimated from Plate 1 in  Anderson (1979).

Tinaja Beds 

GeoSystems Analysis , Inc. Table 2
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Table 3.  Revised stratigraphy for the Exxon State (32)-1 Well by Houser et al. (2004)
Depth Interval

 Top Depth 
ft bgs ft bgs

Unit A

Upper Unit A 
(Cienega 
Creek fan 
deposits) 199 1120 Medial alluvial fan

Mainly thin bedded and poorly consolidated pale 
yellowish-brown alluvial sediments of highly 
variable density1 consisting of interbedded sandy 
conglomerate, pebbly sandstone, siltstone, and 
calcareous sandy mud.  

Lower Pleistocene(?) or Upper Pliocene(?) )

Lower Unit A

1120 1856 Distal alluvial fan, 
alluvial plain 

Chiefly light brown unconsolidated sand mud and
somewhat better indurated, very fine-grained 
micaceous sandstone of less variable density 
than overlying sediments.2  

Lower Pleistocene(?) or Upper Pliocene(?) )

Unit B 1856 2980
Playa, playa 
margin, distal 
alluvial fan

Gypsiferous sand lime mud, overlying sandy lime
mud with sparse gypsum, overlying sandy lime 
mud and poorly indurated muddy sandstone with 
minor pebble conglomerate beds.

Lower Pliocene(?) to Upper Miocene(?)

Unit C 2980 3840

Sandy braidplain, 
proximal or medial 
alluvial ban at base 
of unit

Sandstone, siltstone, and conglomerate at base. Upper(?) Miocene(?)

Unit D 3840 6170 Medial to distal 
alluvial fan 

Calcareous mud, siltstone, sandstone, and 
conglomerate.  Upper(?) and Middle Miocene

6170 8256

Syntectonic 
deposits of alluvial 
fans, playas, rock 
avalanches, and 
volcanic flows 

Well consolidated gysiferous, muddy 
conglomeate containing an andesite flow, and 
composite rock avalanche  deposit.

Lower Miocene and Upper Oligocene (?) 17 
Ma - 26.9 Ma

8256 10026

Diverse group of 
rocks with uncertain 
correlation to units 
exposed at the 
ground surface

Lamprophyre(?) dike or sill, intermediate 
composition lava flow, conglomerate, crystal-
lithic ash-flow tuff, limestone conglomerate, 
pyroxene trachyte flow.

Miocene(?) - Oligocene(?)

10026 12001
Fluvial, lacustrine, 
and marine 
sedimentary rocks

Shale, sandstone, thin-bedded limestone, and 
conglomerate. Lower Cretaceous and Upper Jurassic 

12001 12556 Plutonic rocks Granitoid. Pre Upper Jurassic

Rock Types Age (Epoch)

Upper Basin Fill

Lower Basin Fill

Stratigraphic 
Unit 

Sub 
Unit  

Sub-Sub 
Unit

Depositional 
Environment 

1  Low bulk density unconsolidated very calcareous sandy mud, thin beds of intermediate density slightly indurated calcareous micaceous siltstone and sandstone beds interbedded with gravel, and thin beds of high density 
calcite and cemented gravel. Limestone clasts absent below 1040 ft bgs.
2  A downward decrease in moderatedly well cemented conglomerate beds and an increase in sandy lime mud results in a decrease in the variability of bulk density. Color change at 1120 ft bgs and influx of limestone chips 
at 1040 ft bgs probably records the beginning of deposition of the alluvial fan that occupies much of the surface of the Tucson Basin.

Pantano Formation 

Mid Tertiary Volcanic and Sedimentary 
Rocks

Bisbee Group

Granitoid Rock 

GeoSystems Analysis , Inc. Table 3


