










thickness, and depth of various water-bearing forma- 
tions in the area, sources of ground-water recharge and 
discharge, direction of ground-water movement, water- 
level changes, and water quality of the aquifers. The 
study includes alluvial aquifers on terraces (Florida 
Mesa) and bedrock aquifers in consolidated rocks. 

Location of Study Area 

The 182-mi2 study area is in southwestern 
Colorado (fig. 1) within the drainage area of the Florida 
and Animas River Valleys. The eastern, western, and 
southern boundaries of the study area are arbitrary; 
the irregular northern boundary is the northern extent 
of the oldest rock unit that is considered here to be an 
aquifer (the Dakota Sandstone). The Florida Mesa 
extends over an approximate 39-mi2 area and is a prin- 
cipal topographic feature in the study area. The hog- 
back ridges and intervening valleys along the northern 
margin of the study area form the northern rim of the 
San Juan Basin of Colorado and New Mexico. 

GEOHYDROLOGIC UNITS 

Ground water in the study area is present in con- 
solidated rocks of Cretaceous and Tertiary age and in 
unconsolidated sediments of Quaternary age (table 1). 
Cretaceous rocks crop out in a series of northeast- 
southwest-trending hogback ridges and intervening 
valleys (fig. 2) along the northern margin of the study 
area and dip southward into the northern rim of the 
San Juan Basin. Sandstones tend to be more resistant 
to weathering than shales; as a result, sandstone units 
commonly form ridges and steep hillslopes with shale 
units forming the intervening valleys. Younger 
(Tertiary) rocks crop out or subcrop under unconsoli- 
dated sediments in most of the central and southern part 
of the study area and are relatively flat lying. The 
Cretaceous and Tertiary rocks consist of interlayered 
beds of sandstone, siltstone, and shale; porous or frac- 
tured sandstones form the principal water-yielding 
units (aquifers); relatively impermeable shales form 
confining units between aquifers. 

Beds of water-yielding sandstone are present 
in the Dakota Sandstone, Point Lookout Sandstone, 
Cliff House Sandstone, Pictured Cliffs Sandstone, 
Farmington Sandstone Member of the Kirtland 
Shale, and in the Animas, Nacimiento, and San Jose 
Formations. The sandstones in the Dakota, Point 
Lookout, Cliff House, and Pictured Cliffs Sandstones 
are of marine or beach origin, having been deposited 
during the transgression (advance) or regression (with- 
drawal) of the shallow inland sea that occupied the 

central United States during Cretaceous time. These 
sandstones tend to be thicker, more extensive, and bet- 
ter sorted than the fluvial sandstones of the Farmington 
Sandstone Member and the Animas, Nacirniento, and 
San Jose Formations. These fluvial sandstones were 
deposited in a stream environment and are interbedded 
with siltstone, shale, and coal. 

Thick confining units that are almost imperme- 
able and generally do not yield water to wells are 
formed by the marine shales of the Mancos Shale 
and the Lewis Shale. Thinner confining units of 
slightly more permeable fluvial shale, coal, and thin 
sandstone beds are present in the Menefee Formation, 
Fruitland Formation, lower and upper shale members 
of the Kirtland Shale, and in numerous local shaly beds 
in the Animas, Nacimiento, and San Jose Formations. 

The bedrock formations exposed in the northern 
part of the study area dip southward and extend into 
the subsurface under the Florida Mesa and into 
New Mexico. The subsurface shape and altitude of 
these formations are indicated by the structural con- 
tours drawn on the top of the Dakota Sandstone (fig. 3), 
the top of the Cliff House Sandstone (fig. 4), the top of 
the Pictured Cliffs Sandstone (fig. 5), and the base of 
the Farmington Sandstone Member (fig. 6). More 
closely spaced contours indicate steeply dipping rocks; 
widely spaced contours indicate more flat-lying rocks. 
Porous or fractured sandstones in the Dakota, Point 
Lookout, Cliff House, Pictured Cliffs, and Farmington 
Sandstones could be important sources of ground water 
if the sandstones are shallow enough to be tapped by a 
water well and contain potable water. 

The depth to the sandstones mapped in 
figures 3-5 is indicated by the isobath line on each 
figure. North of the isobath, the sandstones generally 
are less than 3,000 ft below land surface and might 
be shallow enough to be reached by a water well. 
South of the isobath, the sandstones generally are 
deeper than 3,000 ft. The older sandstone units crop 
out farther to the north and dip to greater depths in the 
basin than do the younger sandstone units. Thus, the 
Dakota Sandstone is less than 3,000 ft deep only in a 
narrow band along the northernmost part of the study 
area (fig. 3). By contrast, the younger Farmington 
Sandstone Member of the Kirtland Shale crops out 
farther south in the study area and is less than 3,000 ft 
deep almost everywhere in the study area (fig. 6). The 
Animas, Nacirniento, and San Jose Formations overlie 
the Kirtland Shale and also are present at depths less 
than 3,000 ft. Figures 3-6 indicate that potential bed- 
rock aquifers are present at depths less than 3,000 ft 
everywhere in the study area. 
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The Animas Formation, its approximate lateral 
equivalent the Nacimiento Formation, and the San Jose 
Formation are exposed at land surface throughout 
most of the central and southern parts of the study 
area beyond the Florida Mesa (fig. 2). On the mesa, 
terrace deposits overlie the Animas and Nacimiento 
Formations, which were eroded prior to deposition. of 
the terrace deposits. The eroded surface of the top of 
the Animas and Nacimiento Formations slopes to the 
south and southwest and ranges in altitude from about 
7,150 to 6,250 ft (fig. 7). An upper bench on the bed- 
rock surface extends over most of the central and east- 
em parts of the mesa; a lower bench extends along the 
southwestern margin of the mesa near Highway 550. 

Unconsolidated sediments consisting of cobbles, 
gravel, sand, silt, and clay are present on numerous 
terraces formed by the ancestral Animas and Florida 
Rivers. The Florida Mesa is capped by the largest 
and oldest of these terrace deposits, parts of which are 
saturated and yield water to wells. The terrace deposits 
on the mesa range in thickness from zero at the edge 
of the mesa to as much as 200 ft in the west-central 
part of the mesa (fig. 8). Most of the terrace deposits 
on the eastern part of the mesa are less than 50 ft thick. 

Many smaller terraces that are topographically 
lower (and thus, younger) than the Florida Mesa are 
located along the margins of the Animas and Florida 
River Valleys. The youngest terraces merge with 
the flood-plain deposits in the valley bottoms and 
have been mapped (Zapp, 1949; Bames, 1953; Barnes 
and others, 1954; Moore and Scott, 1981) as part of 
the flood-plain deposits (fig. 2). Most of the terrace 
deposits above the valley bottoms are not important 
sources of ground water because the deposits are small 
and generally are unsaturated. Flood-plain deposits 
consist of unconsolidated cobbles, gravel, sand, silt, 
and some clay and commonly are 10 to 50 ft thick. 
These deposits are important sources of ground water 
only in local areas where they are close enough to a 
stream to have a large saturated thickness. Most of the 
wells drilled in flood-plain deposits also are completed 
in the underlying Animas or Nacimiento Formations. 

GROUND-WATER CONDITIONS 

Ground water in the study area moves through 
the aquifers from areas of recharge to areas of discharge. 
Changes in recharge or discharge can cause fluctuations 
in the water levels in wells and can cause changes in 
the direction of ground-water movement and in the 
saturated thickness of an aquifer. 
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Figure 2. Geology of the study area. 

Recharge and Discharge 

Rainfall and snowmelt are the principal sources 
of natural recharge to aquifers in the study area. 
However, these sources generally supply only small 
volumes of water to the aquifers because annual pre- 
cipitation is small and runoff, evaporation, and transpi- 
ration divert much of the water before it can percolate 
to sufficient depth to recharge an aquifer. However, the 
small rates of natural recharge are the principal source 
of recharge to the confined aquifers present in the 
deeper sandstone units. Recharge to the deeper con- 
fined aquifers (such as those in the interval from the 
Dakota Sandstone to the Farmington Sandstone 
Member) occurs only near the area of outcrop of the 
sandstone, as indicated by the precipitation arrows 
shown in figure 9A. In deeper parts of the basin, thick 
confining layers above and below the aquifers prevent 
most direct water movement to or from the land 
surface. On Florida Mesa and in the outcrop of the 
Animas, Nacimiento, and San Jose Formations, the 
shallow aquifer is not overlain by thick confining 
layers, and precipitation recharges the aquifer over a 
broad area, as indicated by the widespread precipita- 
tion arrows shown in figure 9B. 
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Studies of precipitation recharge in other areas 
of western Colorado that have climate and geology 
similar to that of the study area (Robson and Stewart, 
1990, fig. 32) indicate that the mean annual precipita- 
tion of about 19 in. in the study area would produce 
about 0.8 in. of ground-water recharge. This rate is 
equivalent to about 2,000 acre-ft/yr of recharge to the 
deeper aquifers (those in the interval from the Dakota 
Sandstone to the Fannington Sandstone Member) in 
the 46-mi2 area of outcrop along the northern margin 
of the study area. About 4,000 acre-ft&r of recharge 
would occur in the 97-mi2 area of outcrop and subcrop 
of the Animas, Nacimiento, and San Jose Formations 
(excluding the area of the Florida Mesa). About 
2,000 acre-ft/yr of this recharge ultimately dis- 
charges to the base flow of the Florida River (see 
the "Supplemental Information" section at the back 
of this report); the remaining 2,000 acre-ft/yr dis- 
charges to the base flow in the Animas River or flows 
through the formations to the south out of the study 
area. The complex irrigation system on Florida Mesa 
requires a more detailed water-budget analysis to esti- 
mate the recharge and discharge on the mesa. 

Florida Mesa Water Budget 

A water budget is a detailed accounting of the 
principal means of water movement into or out of a 
hydrologic system. Results of the water-budget analy- 
ses are summarized in this section and in figure 10. 
Procedures used to estimate the components of 
the budget are discussed in the "Supplemental 
Information" section. 

Precipitation and surface-water diversions are 
the principal sources of water movement onto Florida 
Mesa (fig. 10). The mean annual precipitation of about 
19 in. in the area provides about 39,000 acre-ft/yr 
of water to the approximate 39-mi2 area of the mesa. 
(The area of Florida Mesa is defined by the limit of the 
terrace deposits on the mesa [fig. 21.) Surface water 
diverted from the Florida River through the Florida 
Canal and Florida Farmers Ditch supplies about an 
additional 45,000 acre-ft/yr of water to the mesa. Total 
water inflow to the mesa is about 84,000 acre-ft/yr. 

Part of this total water inflow to the mesa is lost 
to the atmosphere through evapotranspiration (fig. lo), 
or infiltrates into the ground-water system (recharge, 
fig. lo), or flows off the mesa in the form of imgation 
tailwater or stormwater runoff (runoff, fig. 10). The 
water budget is assumed to balance-total water enter- 
ing the mesa equals the total water leaving the mesa 
(about 84,000 acre-ft/yr). 

Evapotranspiration totals about 59,000 acre-ft/yr 
and is the largest component of water outflow from the 
mesa. Evapotranspiration consists of (1) evaporation 
from open water such as ponds, puddles, wet soil, 
and wet vegetation; and (2) transpiration from crops 
and vegetation. Evapotranspiration from nonirrigated 
areas is 33,300 acre-Wyr, evapotranspiration from 
irrigated crops is about 25,600 acre-ft/yr, and evapo- 
transpiration of water withdrawn from wells (con- 
sumptive use) is about 300 acre-ft/yr. 

Ground-water recharge on the Florida Mesa 
totals about 15,000 acre-ft/yr and is the second 
largest component of outflow from the mesa (fig. 10). 
Ground-water recharge from irrigated fields is about 
12,000 acre-ft/yr; recharge due to seepage from unlined 
canals and ditches is 2,200 acre-ft/yr; and recharge 
from infiltration of precipitation on nonirrigated areas 
is 700 acre-ft/yr. Most of the ground water that is 
recharged on Florida Mesa flows through the aquifer to 
the south, east, and west and ultimately discharges 
from seeps and springs into the Animas and Florida 
Rivers. Ground-water discharge into the Animas and 
Florida Rivers totals 14,600 acre-ft/yr. 

Surface-water runoff from the mesa totals about 
10,000 acre-ft/yr and includes irrigation tailwater 
runoff (about 4,900 acre-fttyr), spring runoff of snow 
and ice meltwater (3,200 acre-ft/yr), and waste flow 
from irrigation ditches (about 2,500 acre-ft/yr). Runoff 
from the mesa flows into the Florida and Animas 
Rivers. 

Three important findings from the water-budget 
analyses are: 

1. Surface water diverted onto the Florida Mesa 
through the Florida Canal and the Florida 
Farmers Ditch is the largest source of water 
on the mesa. 

2. Infiltration of water from imgated fields and leak- 
age from unlined canals and ditches is by far 
the largest source of ground-water recharge on 
the mesa. 

3. Consumptive use of ground water withdrawn from 
wells on the mesa is a small part of the total 
ground-water discharge from the mesa; most 
ground water is discharged through springs and 
seeps into the Florida and Animas Rivers. 
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