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INTRODUCT ION 

St. Charles Mesa, an a rea immediate l y east of 
Pueblo, Colorado , 1s rapidly undergoing urbaniza
tion. As the mesa has a l arge concentration of 
population de pendent to some degree on ground wate r 
supplies and a large development of ground water , 
the Colorado Geolog1cal Survey contracted with Hydro 
Eng i neering of Pueblo, Co lorado , to make a recon
naissa nce invest igation of the hydrogeology of the 
mesa. The purposes of the Investigation we re to 
obtai n a better understanding of t he ground-water 
system of the mesa a nd to determ i ne if there are a ny 
water qua l ity problems resulting from the large 
number of septic tanks in the area. This rep~rt 
should benefit both loca l planning agencies and 
residents for development of ground-~tater supp l ies 
in the St. Cha r les Mesa are a. 

St. Charles Mesa is located in T. 21 S. , R. 64 
W. , 6th P.M., Pueblo County. The mesa is bounded by 
the Ar kansas River on the no r th, by the St. Charles 
River on t he east, and by Salt Creek on the west. 
The Bessemer Di tch , wh i ch p rovides irrigation wa ter 
to the mesa lands south of the Arkansas River , was 
chosen as a convenient southern boundary of the 
study area. The Bessemer Di t ch is located near the 
change in slope at the southern edge of the mesa. 
The edge of the mesa i s bounded by steep cl i ffs 
about fifty feet high . The study area contains 
6,200 acres, or 9.7 square mil es. 
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St. Charles Mesa is located immediate ly east of 
the C.F. and I . stee l mi 11 a nd was f i rst deve loped 
in the la t e 1800 ' s as truck- garden f arms by the mil l 
workers. The communities of Salt Cr eek and Blende 
developed to serve the agricultura l and industrial 
popul a tion. In t he last decade , however, the mesa 
has become a popu lar subur ba n area of Pueblo , an d 
the land use is gradual l y chang 1ng from agricu l tu ral 
to one-acre res idential tracts . Res i dentia l devel
opment has occu r red sporadical ly over the mesa, 
with greatest density in the nort hwest part and 
least in the southeast. The populat ion has varied 
from 7,400 in 1960 to 6 , 900 in 1970 and is esti· 
mated a t 8 , 000 in 1975 . 

As de termined by t he 1970 census, t he numbe r of 
house holds on the mesa was 1,844. Since then, there 
have been an additional 482 building permi t s issued 
for the mesa. A cou nt of wel l s registered with the 
Colorado Div1sion of Water Resou rces shows at least 
752 wells on St. Cha rles Mesa. There are probab l y 
an estimated additiona l 400 to 500 unregistered 
wells . 

Domestic water on the mesa is f urnished by the 
St . Cha rl es Mesa Wate r Association and by t wo small 
water companies . Prior to 1965, al l domestic water 
was obta ined from individual domest i c wells or from 
water- hau l ing companies. The assoc iation presen t ly 
serves 1,936 customers with wate r f rom five wells 
and f rom t reated Bessemer Di t ch wa t er. l n 1974, the 
associa ti on supp l ied 551.j ac re- ft or 180 mil lion 
gallons of water to i t s customers . 

The total numbe r of wate r cus t ome rs i s about 
300 fewer t han the t o t al number of houses . These 
300 fam il ies either use domesti c we l ls or haul water 
for the i r needs. I t has been determined t hat most 
of t hese individual supp l ies are located near the 
d i tch or in the northeast pa r t of themes~ . As t ime 

passes, many of these fami l ies wi l l be served by 
t he assoc iat ion becau se of conven ience or the de
si re fo r better qua li ty domest i c wa te r. Most of 
the present customers who have wells use ground 
water for their lawn a nd garden irrigation, in pre
ference to using the mo re expensive t r eated water. 

St. Charles Mesa is underla i n by Quaternary 
age alluvia l sediments t hat 1,rere deposited on an 
irregula r erosion surface cut on Cre t aceous age 
marine sedimenta ry formations. These sedimentary 
bedrock formations crop out in the cliffs along the 
west, no rth , and east edges of the mesa. The geol 
ogy of the mesa has been well described in reports 
by Scott ( 1969a, 1969b) on the Pueb l o area. 

The bedrock for mation unde rl yi ng t he eastern 
two-thirds of the mesa is t he Pierre shale, com
posed of i nterbedded sha l e and sandstone units. 
The Smoky Hill shale member of the Ni obra r a Form
ation, composed of chalk and chal ky shale units 
under! 1es the western one-third of t he mesa . St ruc
turally the mesa i s b isected by t he southeast 
trending Pueblo Anticline, which produces gent le 
dips in the bedrock away from the crest of the 
anticline . Both bedrock fo rmations contain lar5e 
concentrations of sulfate minerals that can leach 
out in t o the g round wa t e r in the al l uvi um above 
the sha le. 

The al l uvia l deposits on t he mesa, as mapped by 
Scott (1969b), are the Slocum, Louviers, and 
Broadway, all of glacia l outwash origin. These 
deposits contain a coarse mixture of sand, gravel, 
and cobb l es. The majority of the cobbly material 
i s of g"anitic or metamorphic origin and came from 
outcrops in the moun ta ins to the ••est, but there is 
some intermixing of sandstone and 1 imestone gravels 
from the Cretaceous formations that outcrop to the 
south . The coarse deposits a r e overla i n by a 
c l ayey sand colluvium or eolian sand of loca l ori
gin. 

The Slocum Al luvium occ upies the h i ghest ter
race leve l on the mesa, 120 f t above t he Arkansas 
River. The Louviers Al luvium occupies the middle 
ter r ace level, 80ft above the Arkansas River, and 
the Broadway Al l uvi um occupies the lowest terrace 
level at t he north edge of the mesa , 50 ft above 
the river. The lower portion of the all uvia l de
posits contains a cong lome r a t e layer that is ex
posed in many gr~vel pi ts a l ong the mesa edge. 
This conglome rate has a dense carbonate cement and 
i s referred to as " cement rock" by local dr il lers. 
This unit, sometimes noted t o occur immediately 
above the water - bea ri ng zones, is probably related 
to fluctuations of the water table and high carbon
ate content of the ground water. 

The thickness of the alluvia l deposits was 
determined from dri 11 ing Jogs filed wi th the Colo
rado Di vision of Water Resources and from the 
report by McGover n and others (1964). The alluvium 
va ries in th ickness from 10 to 60ft throughout the 
mesa, due to the i r regular nature of the bedrock 
surface with t he greatest th i ckness of alluvium 
occurr i ng near t he Besseme r Di tch. The bedrock 
con tours shown on the above map a re based upon the 
drilling logs . The accuracy of these logs is some
wha t questionabl e ; thus, the contour accu r acy is 

probab l y :t 5 ft. The contours i ndicate a ro l l l ng 
topography fo r the bedrock surface, whic h is similar 
to that of the bedrock outc r ops south of the mesa. 

HYDROLOGY 

The clima t e of St. Cha rl es Mesa is sem iari d , 
with the ave rage prec i pitation being Jess than 
11 in. per yea r. The majo r sou rce of water on the 
mesa is the Bessemer Di tch, and any area not re
ceiving irrigation water has a ve r y sparse cover 
of vegetation. Th1s d i tch, which carries water 
diverted from t he Ar kans as Ri ve r at the Pueb lo Dam 
west of Pueblo, was developed to prov i de i rri gation 
wa t er for the small farms on the mesa and the lands 
east of Avonda l e. Both t he water that is applied to 
the land and that seep i ng f r om the ditch a re the 
ma jor sources of recharge for the alluvial aquife r 
on t he mesa. The rapid effect of this recharge is 
shown on t he accompany i ng wa t e r-leve l graph of two 
we l ls near the ditch. As shown, the water - level in 
these we l ls began to r i se wi t h i n five days after 
wate r was t urned 1nto the ditch. 

There are two possible sources of g round water 
on t he mesa . The more impor t ant and bette r devel 
oped source is t he alluvia l deposits aq uife r . Of 
lesser importance and with mi n ima l development is 

the Cretaceous age Dakota sandstone aquifer . Th i s 
aquifer occurs at depths of 1,200 to 1,80D ft below 
the surface and can provide yields up to about 60 
gallons pe r minute (gpm) to wells. l n other areas 
of Pueblo County and southeastern Colorado, the 
Dakota Is an important sou r ce of ground water. In 
t he Pueblo area, the Dakota is a confined aquifer 
and has sufficient artesian pressure to flow at the 
land surface. 

The chief deterrent to any extensive develop
ment of the Dakota aqu ifer on the mesa is the cost 
of drilling a deep well ...:hen compared with the cost 
of drilli ng a shallow well to tap the alluvi a l 
aqu i fer . An estimated 10 wells tap t he Dakota 
aqu i fer in the vic i nity of St. Char les Mesa. This 
source of ground water could be developed more in 
the future. 

Because of its econom i c advantage and access
ibility for development, the alluvial aquifer has 
been extensively developed for domestic and ir r i
gation pu r poses. Use fo r irrigat ion pur poses is 
generally to supplement wate r delivered by the Bess 
emer Di tch when wa t e r rights are curtailed or to 
"speed up" the irr igation coverage of a f ield . 

To determine the nature of the alluvial aqu i fer 
on the mesa , a series of water leve l measurements 
were made during February 1975. This time was 
selected because the aquifer is least affected by 
man 1 s activities during the 1,rinter. As the Bessemer 
Ditch was shut off on December 24, 1974, there was 
a 2-month period for the aquifer to have approached 
a steady-state condition before the measurements 
we re made. During the measuremen t period the depth 
to water was measured in 52 irriga t ion we ll s. From 
these measurements t he elevation of the water table 
was calculated. 

A water-table contour map was the n prepared 
from these calculations (see map above). The 
contours indicate a gradient of the water surface , 
with res ult i ng ground-water flow, away from the 
Bessemer Ditch . Over most of the mesa, the gradient 
is northeast toward the Ar kansas River; howeve r , on 
the southeast side of the mesa, the gradient is east
ward toward the St . Charles River. This i ndication 
of discha r ge along the north and east edges of the 
mesa was verified by field i nspect ion, where it was 
noted that the mesa's edge is dot t ed with small 
sp r ings of 5 to 25D gpm f low occu r ring at the allu
vium- bedrock contact. The slope of the water tab l e 
over the mesa is generally bQ ft per mile with a 
much steeper slope in sect ions 3 and 4 because of a 
sharp break in the bedrock surface. 

The saturated thickness of the alluvial aquifer 
was calculated by determining the d i fference between 
the bedrock contours and the water-table contou r s . 
The saturated thickness ranges from 2 to 27ft with 
the greatest thickness occurring i n the area im
med i ately north of the Bessemer Di tch. These th ick
nesses were for the hydro l ogic situation that 
ex i sted in February 1975, before the Bessemer Ditch 
flow resumed. After t he d i tch flow began , the water 
tab l e rose, and the thickne~s increased. 

The variation in saturated th ickness governs 
the yield of wells throughout the mesa; in areas of 
large sa t uration, the wel l s yield up to 500 gpm., 
where the satura t ion is s ma l l, the wells produce 

less than 50 gpm. This variation in yield is dem
onstrated by the med1an well discharge for each sec
t ion reported in the tab le of well stat i stics. 
These reported y ields tend to be optim istic, but the 
relation between sections shou l d be va l id . 

A rough est imate of a water budget for St . 
Charles Mesa was prepa red to determine the magnitude 
of water moving through the a lluvial aquifer . In a 
very simp le context, a water budget is a balance of 
the water enter i ng the mesa, the consumotive use of 
water on the mesa, and the discharge from the mesa. 
The annual inpu t s are 11 ,000 acre-ft from the 
Besseme r Ditch p l us 6,00D acre-ft from precipita
tion. Subtracted from this is the annual consump
tive use of the crops grown, or 4,800 acres times 
1. 5 ft of wate r equals approximately 7,200 acre-ft. 
Thus the budget indicates that about lD,DOO acre-ft 
per yea r are discharged from the mesa. Because 
there is a ve r y 1 ittle surface runoff , it is esti
mated that about 9,000 acre-ft per year moves 
through the alluvial aqu i fer and discharges through 
the springs at the edge of the mesa. This is equal 
to a steady discharge of 13 cub i c ft per second. 

WATER QUAL IT Y 

To determine the areal changes in water quality 
in the a ll uvial aquife r , 19 water samp l es were 
collected from springs and irrigation or domestic 
wel l s during Ma rch 1975. These samples were ana
lyzed by the Colorado Department of Health, and the 
results are tabulated i n the accompany ing table . 
Also inc l uded 1n the tab l e are analyses for the 
three water-supp l y systems se r ving the mesa . In 
the collection of the samples, i t was attempted to 
achieve the best d i stribution of sampling locations 
with relat ively few samp l es. l n addition to the 
listed ana l yses, the spring samples were also ana
lyzed fo r t he followi ng trace metals- - arsenic, cad 
mium, chromium, copper, lead, and manganese. The 
analyses showed very low tn undetectable amounts of 
these trace metals. 

In general, the qual i ty of the Bessemer Ditch 
water is very good with dissolved solids ranging 
from 200 to 400 mi lligrams per l i ter (mg/ 1). As the 
water enters and moves through the alluv ial aquifer, 
however, the quality decreases quite rapidly with 
increasing distance from the ditch. The ground 
water dissolves minerals from the a l luvia l materi~ls 
and the underly1ng shale, resulting In an increase 
1n hardness and dissolved - sol ~ds concentration. In 
add i tion, irrigation return flow causes a decrease 
in the quality of the ground water . During irriga
tiOn some of the water is consumptively used either 
by the crops or evaporation , thus concentrating the 
rema ini ng mineral matter in the return flow. Also, 
as this return flow moves through the soi l , it dis 
solves additional mineral matter from fert i lizers, 
animal wastes, and other materials. 

This decrease in quality occurs Within the 
first mile from the ditch. Of the 19 samples col
lected, 8 samples (3, 8, 9, 10, 11, 16, 18, 19) 
contained over 2,000 mg/1 of dissolved solids. Three 
of the samples (12, 16, 18) contained very high 
concentrations of su l fates . The n i t r ate concentra~ 
tion in 9 samples ( I, 3, 4, 6, 7, 8 , 11, 14, 17) 
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exceeded the He.alth Department limits of 10 m9/l for 
drink i ng water . 

The source of nitrate in water i s usually from 
sewage effluent , fertilizer leaching, or animal 
waste. The distribution of the high concentrations 
of nitrates appears somewhat spotty, possibly in
dicating local i zed areas of septic tank or ferti 1-
i zer poll ution . In view of this situation, all 
domestic well water should be sampled to detect un
safe d ri nking wate r . 

CONCLUSIONS 

The alluvial aqu i fer under St. Cha r les Mesa 
provides water for 8 , 000 persons, as well as for 
supplemental irrigation of farm crops. The area 
under l ain by the alluvial aquifer is 6,20D acres. 
The source o f recharge fo r the aquifer is irrigation 
water from the Bessemer Ditch. The discharge from 
the aquifer is through springs along the edge of 
the mesa . The estimated annual discharge is 9,000 
acre- ft . 

Water quality of the alluvial ground water de
creases with distance from the Bessemer Ditch. 
Almost half of the water samples analyzed indicated 
high concentrations of disso lved solids and nitrate . 
Domestic use of the poor quality water cou ld cause 
health problems. 
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