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STUDIES RELATING TO THE MINERAL SPRINGS, 

MANITOU SPRINGS, COLORADO 

INTRODUCTION 

 These studies were carried out under a contract with the City of Manitou Springs, 

Colorado, in a cooperative project with the Mineral Spring Foundation.  The field work began 

October 20, 2009.  Most of the field data collection was by Annie McCoy.  Data from the 

Colorado Department of Water Resources (CDWR) were relied upon heavily. 

 The subject matter of this report is the hydrology of the springs and wells.  It does not 

deal in any detail with the commercial or architectural history of the development of the 

springs. 

 David Wolverton, of the Mineral Springs Foundation, directed the project and provided 

a great deal of historical material and information from the Foundation’s files, many excellent 

photographs, and guidance and assistance with field data-collection.  The diagrams showing 

the present-day configurations of piping and fonts at many of the springs were prepared by 

Wolverton.  

 Deborah Harrison, Manitou Springs historian and member of the Mineral Springs 

Foundation provided historical information and photographs from the Manitou Springs 

Heritage Center, and arranged with Ed and Nancy Bathke for many photographs from their 

collection to be available for this report.   

 This report is accompanied by an electronic database, which includes images of 

documents, photographs, spreadsheets, and other materials.  

Acknowledgments  

 Fred Luiszer of the University of Colorado, author of a doctoral thesis on the origin of 

the Cave of the Winds that was relied upon heavily for the present study, also contributed 

unpublished research and very helpful comments. 

 Barnhart Pump Co. of Falcon, Colorado, has been conducting maintenance and 

rehabilitation work as a contractor to the Mineral Springs Foundation, and assisted in the 

present study with records and with a round of flow-rate measurements. 
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Nomenclature 

 The term “spring” has been generally used locally in Manitou Springs to refer to any 

point of discharge at the land surface, whether it has always been a natural spring, or began as 

a natural spring but was developed by the drilling of a well, or has always been a well drilled 

at a site with no natural spring.  In this report, “spring” will continue to be used where it is part 

of a proper noun, the name of a particular point of discharge, but the text will make clear 

which of these three categories the discharge point belongs to. 

 The names of the various springs and wells have been used loosely in the past, and in this 

report an effort, which we fear may not have been entirely successful, is made to give all of the 

names that have been applied to a particular point of discharge, and to resolve uncertainty that 

may arise through the historical use of similar names for different points.  For example, the 

names Ute Chief, Chief, Little Chief, and Little Spring all refer to different points of discharge. 

 While it may not seem important to the users of the springs whether a particular one is 

a natural spring or a drilled well, the distinction is essential to an understanding of the 

hydrologic system.  Each point of discharge is important, even if more than one exists in a 

particular location, because of the differences in the sources of the water from various parts of 

the stratigraphic section. 

PREVIOUS STUDIES 

Mineral Springs Foundation Literature 

 The Foundation has published several summaries of general information concerning the 

springs, generally in the form of brochures with maps and photos.  The most recent of these, 

revised February 2007, is titled Taste the Mineral Springs that Made Manitou Famous.  The 

Foundation also published a booklet titled Short History of Eight of the Best Known Mineral 

Springs in Manitou Springs.   These are not listed among the REFERENCES CITED, but may 

be available from the Foundation. 

Historical Scientific Studies 

 Descriptions and Sampling Related to Other Investigations:  Scientists reported 

various of the springs at least as early as the 1820 visit of the botanist Dr. Edwin James of the 

Long Expedition (James, 1823).  John C. Fremont visited several of the springs in 1843, and 

recorded some observations (Fremont, 1845).  More extensive scientific studies of the springs 

began with those of members of the Hayden expeditions in the late 1860s and early 1870s 
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(Hayden, 1869, 1872, 1873, and 1874).  Oscar Loew of the Wheeler Expedition collected and 

analyzed water samples from six springs (Wheeler, 1875).  

 William Strieby, of Colorado College, (1894, also quoted in Shedd, 1913) provides a 

summary of the geologic setting of the springs, and descriptions of chemical characteristics of 

the waters.  Strieby provides chemical analyses for three springs sampled in 1891, and describes 

the apparatus that he designed in or shortly after 1889 for capturing the carbon dioxide and re-

charging the water with it.   

 George et al. (1920) sampled and made other observations at 17 springs in 1911 and 

early 1912.  Shedd’s (1913) paper on the radioactivity of the springs includes some descriptive 

material, repeats the Loew analyses of 1874, and provides seven sets of water analyses that do 

not appear elsewhere. 

 Maslyn and Blomquist (1985) presented a paper titled “Hydrogeology of the mineral 

springs at Manitou Springs, Colorado,” but only the abstract has been published.  Evans, et al. 

(1986) presented a study of the origins of some of Colorado’s soda springs, including two of 

the wells (Iron Geyser and one of the early Seven Minute wells) at Manitou Springs.  

 Mayo and Muller (1997) sampled eight springs and flowing wells in Manitou Springs, 

plus two other springs, Fountain Creek, and Williams Canyon, in 1991 and 1993  as part of a 

study of the contributions of carbon dioxide from magmatic and other deep-seated sources to 

shallow groundwater.   

 Luiszer Study:  A study of the genesis of the Cave of the Winds by Fredrick Luiszer 

completed in 1997, includes a very comprehensive examination of the geology and geochemistry 

of the aquifer that supplies the springs, and much information as to descriptions and flow rates of 

the various points of discharge.  The field work for the study was carried our in 1987.  The 

formation of the Cave of the Winds was, in effect, a product of the development of the aquifer, 

and Luiszer’s geochemistry-based approach was an important contribution to understanding of 

the aquifer.  

Summaries of Spring Histories 

 Several relatively comprehensive lay-reader descriptions of the springs have appeared in 

print.  A short book by Daniels and McConnell, first published in 1964, and reprinted (with no 

mention of revisions) in 1973, appears to be the earliest of these.  It includes descriptions of 

eleven springs and “drilled springs,” and photographs of many of them.  Luna (1971) gives 

descriptions of 23 wells and springs (and a 24th site called “Geyser Valve”), water analyses for 

15 of them, and many photographs.  Luna’s analyses and the estimated rates of flow from the 
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wells and springs, although published in 1971, actually date from field work by the Colorado 

Geological Survey (George et al., 1920) which was carried out in 1911 and early 1912.  

Cunningham’s summary was first published in 1980, and a revised second edition appeared in 

1998.  It describes many of the springs and wells, many with photographs, and gives both 

historical water analyses reproduced in facsimile from Loew (1874), and four analyses of 

samples taken in 1990 and 1993.  Harrison (2003) describes many of the springs and wells, and 

gives many historical photographs. 

SPRINGS AND WELLS 

 Water discharges from the Manitou Springs aquifer (to be defined below) through a 

number of both natural springs and wells, in addition to discharge that takes place by upward 

leakage through overlying strata.  The total number of identifiable discharge points has been 

estimated at as many as 50 (Cunningham, 1998, p. 29), but is commonly thought to be about 30.  

Maslyn and Blomquist (1985) put the number at 28, and Mayo and Muller (1997, p. 293) report 

that “more than 30…springs and artesian wells discharge from the southern part of the carbonate 

aquifer.”  A total of 44 sites, including some springs that have ceased to flow, and wells that 

have been abandoned and are now lost, are documented in this report.  Sites are listed in Table 1, 

which gives location and elevation for each site, and some sites have more than one discharge 

point.  The individual discharge points at each site are described in accompanying text, and the 

locations of sites actually in and close to Manitou Springs are shown (on street map, aerial-

photo, and topographic bases) on Figures 1a, 1b, and 1c.  Some additional wells and springs 

more distant from Manitou Springs are shown on the smaller-scale geologic map, Figure 2. 

 The chemical characteristics of the waters produced by the various springs and wells 

differ significantly, and the springs and wells have been grouped informally by other workers as 

“iron” or “soda” springs, and have been given even more detailed descriptions based on water 

chemistry.  It would also be logical to group the various discharge points as either springs or 

wells.  An alphabetical listing would be of use only if the various names for many of the springs 

and wells, which have been referred to by two or more names, were cross-referenced.  In some 

literature (e.g., Luiszer, 1997), the springs and wells have been grouped geographically into 

“downtown,” “eastern,” “iron,” and “western” clusters.  There is also a clear distinction between 

wells and springs that discharge from the sedimentary rocks of the Manitou Springs aquifer (see 

below), and those that discharge from fractured granite beyond the boundary of the Manitou 

Springs aquifer. 
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Table 1.  Listing of points of discharge mentioned in this report.   

See Figures 1 and 2 for locations.  Locations are approximate and shown in small italics 
where conjectural, and for springs and wells that were not located in the field.   

Many entries represent more than one actual point of discharge  
(e.g., both a natural spring and a well, or wells) at the same site 

 

Index 
No. 

spring or well 
latitude, 
WGS84 

longitude, 
WGS84 

land-surface 
elevation,  

ft amsl 

1 Big Chief Spring 38° 51’ 16.1” 104° 55’ 58.6” 6,607 

2 Big Indian Spring 38° 51’ 24.4” 104° 55’ 40.1” 6,475 

3 Blue Ice Spring 38° 52’ 18.7” 104° 55’ 09.6” 6,777 

4 Cave of the Winds Spring 38° 52’ 26.2” 104° 55’ 26.1” 6,864 

5 Castle Spring 38° 51’ 32.5” 104° 55’ 20.3” 6,395 

6 Cheyenne Spring 38° 51’ 31.9” 104° 55’ 06.3” 6,339 

7 (Cliff House Hotel north well?) 38° 51’ 35.7” 104° 55’ 02.7” 6,351 

8 Creighton, Shady Dell Well 38° 51’ 43.4” 104° 55’ 17.6” 6,376 

9 Creighton Bath House Spring, Well 38° 51’ 28.2” 104° 55’ 03.7” 6,356 

10 El Colorado Lodge Well 38° 51’ 23.3” 104° 53’ 19.2” 6,212 

11 Garrison House Well (?) 38° 51’ 45.9” 104° 55’ 18.9” 6,374 

12 Grandview Steps Spring 38° 51’ 30.3” 104° 55’ 05.3” 6,364 

13 Gusher (Ute Chief Gusher) Wells 38° 51’ 47.3” 104° 55’ 22.1” 6,415 

14 Hiawatha Spring 38° 51’ 46.6” 104° 55’ 20.6” 6,392 

15 Huccacove Cave general location shown on Figure 1 

-- Hurricane Cave location not known 

16 Iron Geyser Spring (well) 38° 51’ 23.6” 104° 55’ 42.2” 6,505 

17 Lithia Magnetic Spring (Sutherland Creek) 38° 50’ 06.0” 104° 54’ 39.0” 7,211 

18 Little Chief Spring 38° 51’ 19.0” 104° 55’ 56.1” 6,571 

19 Little Spring 38° 51’ 57.1” 104° 55’ 25.6” 6,435 

20 Livery Barn Well 38° 51’ 26.6” 104° 54’ 59.8” 6,341 

21 Magnetic Spring, Well 38° 51’ 47.0” 104° 55’ 20.5” 6,388 

22 Mansions Spring 1 (hotel, well) 38° 51’ 27.8” 104° 54’ 48.6” 6,292 
a  building has been constructed over spring/well and location represents USGS benchmark on side of building 
ft amsl = feet above mean sea level 



JSAI  10 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 
 

Table 1.  Listing of points of discharge mentioned  
in this report, with location and elevation (concluded) 

See Figures 1 and 2 for locations.  Locations are approximate and shown in small italics 
where conjectural, and for springs and wells that were not located in the field.   

Many entries represent more than one actual point of discharge  
(e.g., both a natural spring and a well, or wells) at the same site 

 

Index 
No. 

spring or well 
latitude, 
WGS84 

longitude, 
WGS84 

land-surface 
elevation,  

ft amsl 

23 Mansions Spring 2 (pavilion, well) 38° 51’ 27.7” 104° 54’ 46.9” 6,293 

24 McClurg Well 38° 51’ 30.2” 104° 54’ 14.0” 6,258 

25 Mishatunga Spring 38° 51’ 29.1” 104° 55’ 02.4” 6,338 

26 Mission Spring (Mayo & Muller, ‘97) 38° 55’ 38”? 105° 00’ 26”? 7,680? 

27 Navajo Geyser (well) 38° 51’ 27.0” 104° 55’ 00.7” 6,344 

28 Navajo Spring 38° 51’ 31.4” 104° 55’ 05.1” 6,339 

29 Ouray Spring 38° 51’ 20.7” 104° 55’ 50.0” 6,554 

30 Park Avenue Spring 38° 51’ 36.7” 104° 55’ 13.6” 6,357 

31 Ruby Well (USGS NWIS) 38° 51’ 38” 104° 52’ 31” 6,222 

32 Sequoia Spring (well) 38° 51’ 33.0” 104° 55’ 02.1” 6,344 

33 Seven-Minute Spring east (well) 38° 51’ 31.5” 104° 54’ 41.7” 6,308 

34 Seven-Minute Spring west (well) 38° 51’ 31.5” 104° 54’ 42.2” 6,307 

35 Seven Minute Spring (1992 well) 38° 51’ 31.3” 104° 54’ 41.7” 6,306 

36 Shoshone Spring 38° 51’ 28.8” 104° 55’ 02.4” 6,340 

37 Soda (Manitou) Spring 38° 51’ 32.3” 104° 55’ 05.2” 6,332 

38 Stratton Spring (well) 38° 51’ 31.5” 104° 55’ 09.9” 6,357 

39 Tubby’s Turnaround Spring 38° 51’ 37.1” 104° 55’ 14.0” 6,358 

40 Twin Spring (well) 38° 51’ 29.7’ 104° 55’ 17.0” 6,383 

41 Ute Chief Spring 38° 51’ 47.9” 104° 55’ 21.0” 6,397 

42 Ute Iron Spring, Well(s) (Chateau) a 38° 51’ 21.6’ 104° 55’ 48.2” 6,529 

43 Wheeler Spring (well) 38° 51’ 33.9” 104° 55’ 05.9” 6,344 

44 Hiawatha Gardens (well) 38° 51’ 29.4” 104° 54’ 35.5” 6,281 
a  building has been constructed over spring/well and location represents USGS benchmark on side of building 
ft amsl = feet above mean sea level 
USGS = U.S. Geological Survey 
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 For the text of this report, the springs and wells in the group identified in Mineral Springs 

Foundation literature, and other points of discharge closely associated with them, will be taken 

up in the order of Luiszer’s geographical groups, and other wells and springs will be described, 

in no particular order, in a following section.  The number of identifiable individual points of 

discharge, current or historical, for each well or spring is given in parentheses in the heading for 

each spring.  For most of the tables, springs and wells are listed alphabetically, following the 

currently used names; alternate names are given in the headings in the text.  Discussion of the 

water budgets and patterns of flow in both the Manitou Springs aquifer and the fractured granite 

will be taken up in sections following the descriptions of the springs and wells. 

 An exception to the alphabetical listing order is Table 2, which summarizes the 

chronological order in which the various wells were drilled, and thus the pattern of 

development of the “springs.”   Many of the wells drilled in 1909, 1910, and 1913 were by the 

same contractor, E.C. Staffa, as reported in contemporary newspaper articles.  These are 

indicated by an asterisk in Table 2.  It will be noticed that in some cases the name of a point of 

discharge will be different as between Table 1 and Table 2.  In particular, while the locations 

of the two early Seven Minute Spring wells, are known, and they are called “Seven Minute 

Spring east (well)” and “Seven Minute Spring west (well)” in Table 1, the order of drilling and 

other characteristics cannot be assigned with certainty to one well or the other, and they are 

therefore referred to as “Seven Minute No. 1” and “Seven Minute No. 2” in Table 2.   

 It appears that the diverse chemical properties of all of the waters result from two 

processes: mixing of low total-dissolved-solids (TDS) surface waters with high-TDS 

groundwater (“mineral water”) from a deep source, and reactions between the water and the 

surrounding rock.  Significant concentrations of dissolved iron in some of the waters appear to 

be associated with reaction with Pikes Peak Granite.  

 Chemical analyses, both of samples taken for this project and samples from earlier 

work, are summarized in Appendix A (Table A1).  Natural flow rates, that is, the rates at 

which springs or wells flowed at the surface without being pumped, are also shown in 

Table A1.  Technical data are summarized in the electronic database accompanying this report. 

 Information as to the ownership of the various wells and springs was taken from notes 

by the Mineral Springs Foundation, and has not been verified by the authors. 
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Table 2.  Drilled “springs,” listed in order of drilling, with depth,  
stratigraphic interval, and year capped or plugged 

 

name 
year 

drilled 
depth,  

ft 
stratigraphic interval 
contributing to well 

year 
capped or 
plugged 

Hiawatha 1887? ? Glen Eyrie Mbr?, alluvium? still open 

Magnetic 
1905? 
1908? 

160 Manitou Limestone still open 

Mansions No. 1 (“in hotel”)* 1909 309+? ? before 1992 

Seven Minute No. 1* 1909 112 Lower Fountain Formation before 1992 

Navajo Geyser (deepened in  
     1910)* 

1909 365 Manitou Limestone? still open 

Mansions No. 2 (“pavilion”) 1910? 280 Lower Fountain Formation still open 

Ute Iron Spring (80-ft well)*? 1910 80 Pikes Peak Granite still open? 

Ute Iron Spring (400-ft well)* 1910 400 Pikes Peak Granite still open? 

Iron Geyser 1910 285 Pikes Peak Granite still open 

Creighton bathhouse  1910 260 Manitou Limestone 1910 

Hutchinson, El Paso Livery 1910 ? ? ? 

Creighton   1910 225? Manitou Limestone still open 

Little Pre-1911  Manitou Limestone destroyed 

Twin  1913 306? Leadville Ls., Manitou Ls. still open 

Seven Minute No. 2* 1913 150+ ? before 1992 

Ute Chief Gusher, original* 1914 300 
Lower Manitou Limestone, 

Sawatch Sandstone? 
still open? 

Hiawatha Gardens 1919? ? ? ? 

Wheeler 1920? 120+ ? still open 

Sequoia 1920s ? ? 1999 

Cliff House north ? ? ? after 1950? 

Stratton  1936 283 Upper  Manitou Limestone still open 

McClurg 1978 635 
Williams Canyon or top of 

Manitou Limestone 
2008 

Ute Chief Gusher (replacement) 1979 300 
Sawatch Sandstone and 
weathered granite grus 

still open 

Seven Minute No. 3 1992 400 
Glen Eyrie Member, 
Leadville Limestone 

still open 

*  drilled by E.C. Staffa 
Mbr = Member 
Ls. = Limestone 
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Downtown Springs 

Navajo Spring (1): Daniels and McConnell (1973, p. 10) quote Dr. Edwin James, a 

scientist accompanying the Long expedition of 1820, as follows:   

The boiling springs is a large and beautiful fountain of water, cool and trans-parent and 
aerated with carbonic acid.  It rises on the brink of a small stream which here descends 
from the mountains at the point where the bed of this stream divides the ridge of 
sandstone, which rests against the base of the first granitic range.  The water of the 
springs deposits a copious concretion of carbonate of lime, which accumulates on every 
side, until it has formed a large basin overhanging the stream, above which it rises 
several feet.  The basin is of snowy whiteness and large enough to contain three or four 
hundred gallons, and is constantly overflowing.  The spring rises from the bottom of the 
basin with a rumbling noise, discharging about equal volumes of air and water, probably 
about 50 gallons per minute, the whole kept in constant agitation.  The water is 
beautifully transparent, has a sparkling appearance, the grateful taste and exhilarating 
effect of the most highly aerated artificial mineral water.  

An accepted interpretation of this account, based on later descriptions and photographs, 

is that the spring is the one now known as the Navajo Spring, at 930 Manitou Avenue (Fig. 1).  

Harrison (2003, p. 10) provides an early photo showing Navajo Spring, marked by the 

distinctive boulder just across Fountain Creek that is still in place today (Fig. 3).  Daniels and 

McConnell (1964, 1973 reprint, p. 8) give an 1870 photograph (Fig. 4) that shows the situation 

of Navajo Spring at the top of its travertine mound on the south side of Fountain Creek.  The 

area of the visible part of the mound, estimated by scaling from the photograph, was perhaps 

15 by 50 ft, and the height above the creek bed 8 to 10 ft.  George et al. (1920, p. 106) refer to 

the Navajo Spring as “150 ft west of bottling works,” in this case the no-longer existing 

bottling plant on Manitou Avenue just west of Cañon Avenue in central Manitou Springs.  The 

Navajo Spring is shown in the foreground, and the Soda Spring pavilion across Fountain 

Creek, in two views, one from before 1885, and the other from some time after the 

construction of the new Soda Spring pavilion in 1885 (Figs. 5 and 6). 

Excerpts from the Mineral Springs Foundation’s summary are as follows: 

Located beneath Patsy’s Candies shop, the Navajo Spring is a natural soda spring, which 
attracted the Indians and led to the settlement of Manitou Springs.  The first bottling 
works and bathhouse in Manitou was built in 1872 by the Colorado Springs 
Company...In 1885 the pagoda covering Soda Spring was moved to Navajo Spring and a 
new pavilion was built over Soda Spring.  The demand for bottled water was so great that 
in 1890 a much larger three-story redstone and frame building replaced the original 
bottling plant.  This plant, costing $25,800, began bottling the “Original Manitou Table 
Water,” and the “Original Manitou Ginger Champagne,” a ginger ale made from a secret 
recipe using ginger root...     

Like the Soda, Shoshone and Cheyenne springs nearby, this spring earlier had a rustic 
branch gazebo, later a red sandstone springhouse.  
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Excerpts from the Mineral Springs Foundation’s summary are as follows: 
Located beneath Patsy’s Candies shop, the Navajo Spring is a natural soda spring, which 
attracted the Indians and led to the settlement of Manitou Springs.  The first bottling 
works and bathhouse in Manitou was built in 1872 by the Colorado Springs 
Company...In 1885 the pagoda covering Soda Spring was moved to Navajo Spring and a 
new pavilion was built over Soda Spring.  The demand for bottled water was so great that 
in 1890 a much larger three-story redstone and frame building replaced the original 
bottling plant.  This plant, costing $25,800, began bottling the “Original Manitou Table 
Water,” and the “Original Manitou Ginger Champagne,” a ginger ale made from a secret 
recipe using ginger root...     

Like the Soda, Shoshone and Cheyenne springs nearby, this spring earlier had a rustic 
branch gazebo, later a red sandstone springhouse.  

The rate of flow of the Navajo Spring has been estimated by other workers, beginning 

with Dr. James’ 50 gallons per minute (gpm) of combined “air” and water (see above).  

George et al. (1920, p. 362) neglect to give a flow rate.  Daniels and McConnell (1964, 1973 

reprint, p. 32) report that “seventy thousand bottles were sold between July and December in 

1886,” but this would represent a minimum flow of only 0.066 gpm if each bottle held a quart.  

They report (p. 33) that “the new plant [built soon after the end of 1889] had a capacity of 

20,000 quarts a day as compared to 6,000 in the old one.”  The new plant’s water requirement 

would have been about 3.5 gpm.  Statistics as to the amounts of water bottled and shipped are 

probably not very reliable as indicators of the flow of the spring.   

Strieby (1894, p. 14) states that “[a]bout the year 1889 the desirability and feasibility of 

using the natural gas from the springs to re-charge the mineral water and champagne, was 

suggested to the [Manitou Mineral Water] Company, and this plan, proposed by the writer and 

carried out under his supervision, was soon put into practical operation.”  He points out (at 

p. 30) that “[i]n the early days the Navajo group of springs bubbled and fizzled in a peaty 

morass, and could be approached with difficulty.  The Navajo spring which gave the most gas 

and water was then curbed with cement and stone and the swamp filled up with earth.  From 

this spring was drawn the water put up by the [Manitou Mineral Water] Company in 1889, at 

the time the proposition was made to use the escaping gas to recharge the bottled water.” 

More recent estimates of the flow rate are 8.8 L/min in April 1987 (2.3 gpm; Luiszer, 

1997, table 3) and 1.9 gpm measured at the font on March 25, 2010.  

Loew (1874) sampled the spring in or about 1874, and Strieby (1894) sampled in 1891.  

Mayo and Muller sampled it in 1991, and Luiszer in 1987.  The analytical results are 

summarized in Table A1. 

The Navajo Spring was sampled on November 4, 2009 (see Table A1).  Specific 

conductance was 3,257 microSiemens per centimeter (μS/cm) at 16.2°C (61.1°F), equivalent 

to 3,915 μS/cm at 25°C. 
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Water is pumped from the spring to a font at the back of the Patsy’s building, and is 

available to the public.  Views of the present-day font and of the configuration of the spring 

are given in Figures 7 and 8.  The spring continues to flow, and was producing about 1.9 gpm 

when visited on March 25, 2010.  Drainage from the font and overflow from the spring itself 

are conveyed to Fountain Creek.  No record of Navajo Spring, nor of an associated water right, 

was found in CDWR records. 

 Cheyenne Spring (1):  This is a natural “sweet soda” spring at 934 Manitou Avenue, 

close to the Navajo and Manitou Soda springs (see Figs. 1 and 2).  It has been developed since 

before 1890, and the red sandstone springhouse over the spring, cistern, and metal gas 

collector can be seen in the background of a photo from about 1900 (Fig. 9).  The red 

sandstone building was erected around 1893. 

The spring is not mentioned by Loew (1874), although it presumably existed at the 

time.  There is little mention of it until the 1890s, when it was use as the water filling station 

for the Manitou Mineral Water Park and Bath Co., the precursor to the Manitou Mineral 

Springs Company.  George et al. (1920, pp. 107 and 363) give the location as “100 ft west of 

Navajo Spring” and report a flow rate at the time of their visit, in 1911 or early 1912, of 2-1/2 

gpm.  Total dissolved solids concentration was determined to be 4,184 mg/L, and temperature 

56-1/2˚F.  George’s full analysis is given in Table A1.   

Luna (1971, p. 3) mentions the “round, red, stone building” over Cheyenne Spring, and 

shows two photographs.  The spring rises in alluvium overlying Fountain Formation to very 

shallow depth, a few feet from Fountain Creek.   

 At the time of Luiszer’s (1997) visit on April 2, 1987, the spring was flowing 1.4 

L/min, or about 0.37 gpm.  Luiszer’s water analysis is summarized in Table A1.  Specific 

conductance was 4,000 µS/cm (compensated to 25˚C) and temperature was 14.2˚C (57.6˚F).  

Mayo and Muller (1997) do not report a visit to Cheyenne Spring.   

 The spring rises in a circular concrete cistern within a circular, roofed stone 

springhouse, which appears to be the same as shown in the photo mentioned above (Fig. 9).  

Within the springhouse, the spring itself is capped by a sheet-steel gas collector, no longer in 

use, and water is pumped by a 1/2-hp submersible pump, through an ultraviolet disinfection 

unit, to a font about 20 ft east of the springhouse (see Fig. 10).  Some water is bypassed back 

to the cistern, to maintain the desired flow at the font, and drainage from the font is to 

Fountain Creek through two small PVC lines (see Fig. 11).  The gas collector appears to be of 

the same design as the “gas-bell” invented and described by Strieby (1894, pp. 33-36), and put 

into use by the Manitou Mineral Water Co. beginning in 1889. 
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When sampled by John Shomaker & Associates, Inc. (JSAI) on November 5, 2009, 

specific conductance was 3,237 μS/cm at 16.1°C (61.0°F), equivalent to 3,900 μS/cm at 25°C.  

The total flow on March 25, 2010 (combined flow from the font and the drain to Fountain 

Creek) was 2.11 gpm.  No record of Cheyenne Spring, nor of an associated water right, was 

found in CDWR records.  The spring currently belongs to the City of Manitou Springs.  

Navajo Geyser, Outpost Spring (2?):  The Navajo Geyser, inside the Manitou 

Outpost at 807 Manitou Avenue (at Otoe Avenue, see Figs. 1 and 2), is a drilled well.  Mineral 

Springs Foundation records indicate that it was drilled by Charles Pollen, and was a “geyser,” 

erupting regularly.  George et al. (1920, pp. 107, 361) report its depth as 365 ft, and add that 

“water stands near top of casing and spouts occasionally.”  Its location is given as “[i]n 

restaurant on main street 100 E. of Navajo Hotel.”  George’s field work was carried out in the 

latter half of 1911 and through that winter, so the well must have been drilled at some time 

before early 1912.  George reports the flow rate at 3.5 to 4 gpm.  An article in the Manitou 

Springs Journal of December 17, 1909, p. 1, describes a well being drilled on the Navajo Hotel 

property, as follows: 

Tuesday the drilling outfit was moved [from a well at the Mansions Hotel] to the 
Navajo hotel property, and a well is now being drilled there.  C.A. Pollen, the owner 
of the hotel had several men at work there last summer, with a hand drill, endeavoring 
to encounter a soda vein, but the drillers, after several days work…quit between two 
days.  

The new well is being put down in the strip of ground lying just east of the hotel…  

This location appears to coincide with that of the Navajo Geyser.  The same newspaper 

article states that “[w]hen the sewer was being put in the street near there, a number of years 

ago, the workmen had some difficulty in getting rid of the water while completing the work.”  

Presumably the Navajo Geyser is at the site of a natural spring, which may or may not have 

been visible at the surface, but which was encountered in a shallow excavation. 

The Manitou Springs Journal of May 20, 1910 reports that “the drilling outfit [which 

had been on the Goerke test boring at Balanced Rock Station] was moved to the Navajo Hotel 

property Tuesday afternoon and the well, which was started there some time ago is being 

drilled deeper. 

Daniels and McConnell (1964, 1973 reprint, p. 38) report that “[t]he rather spectacular 

Navajo Geyser was drilled by Charles Pollen…but the erratic geyser insisted on erupting all 

over the building with such force that it was finally plugged.”  Luna (1971, pp. 2 and 14) refers 

to the Navajo Geyser as “under the sidewalk capped” at the time of his visit, and gives a photo 
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(see Fig. 12) attributed to “Hooper, Story of Manitou, Pioneer Museum,” that purports to show 

the Navajo Geyser Spring in an open area between the street and the building that existed at 

the time.  It may be that Luna was not aware that the wellhead was beneath a building at the 

time of his writing.   

Mineral Springs Foundation literature gives the depth of the well as 300 ft, but 

George’s 365-ft depth may be more reliable.  A description of the current configuration of the 

well was provided by Martin Ramirez of Forman-Murphy Contractors, which indicates that the 

wellhead is in the floor of a “cavern,” presumably an excavated chamber, beneath the floor of 

the building and is no longer accessible, and that water stands in the chamber about 40 ft 

below the building floor.  The writers are in some doubt that the chamber is as deep as 40 ft, 

but no further information was found.   

Water is pumped from the chamber by a hand pump (Fig. 13), and there appears to be a 

drain back into the chamber.  How the excess flow from the flowing well drains from the 

chamber is not known, and the flow from the well was not measured.  A sign labels the well as 

“Navajo Geyser, Since 1922.”  The date may be in error, in view of George’s information from 

1911-1912, or may indicate that a second well was drilled.  This question was not resolved. 

Luiszer (1997) did not visit the Navajo Geyser.  The Navajo Geyser was sampled at the 

hand pump on November 6, 2009 (see Table A1). Specific conductance was 3,501 μS/cm at 

16.3°C (61.3°F), equivalent to 4,208 μS/cm at 25°C.  No CDWR record was found for the 

Navajo Geyser.  The current owners are Tim and Terry Haas. 

Shoshone Spring, Arapahoe Spring, Bitter Spring, Sulfur Spring (1):  The 

Shoshone is a natural spring at 820 Manitou Avenue (Fig. 1).  Loew (1874) sampled the 

Shoshone Spring.  The analytical results are included in Table A1.  George et al. (1920, pp. 

107 and 365) give the location as “30 feet east of bottling works,” referring to the former 

bottling plant on Manitou Avenue just west of Cañon Avenue, and report total dissolved 

solids of 4,490 mg/L, and a temperature of 61˚F.  The full analysis is given in Table A1.  No 

flow rate was reported.  An early photo shows Shoshone Spring with a rustic gazebo next to it, 

with a similar gazebo, probably at the Navajo Spring, in the background (Fig. 14). 

Luiszer visited the Shoshone Spring on April 15, 1987, and sampled the flow from a 

“small basin located on a retaining wall of the parking lot of the General Motors Test Garage 

parking lot” that existed at that time.  Specific conductance was 4,380 µS/cm (compensated to 

25˚C), and temperature was 14.0˚C (57.2˚F).  The flow rate was estimated at 1.5 L/min (0.4 

gpm).  Mayo and Muller (1997) did not visit the spring. 
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A large, open-air stone pavilion was constructed some time before about 1900, and was 

later replaced by a red sandstone springhouse similar to that housing the Cheyenne Spring.  

That springhouse still exists, and contains the concrete cistern and a metal gas collector of the 

Strieby design (see Strieby, 1894, pp. 33-36), but the font has been replaced since Luiszer’s 

visit in 1987.  The interior arrangements are similar to those of the Cheyenne Spring.  A drain 

line conveys the flow from both the cistern and the font to Fountain Creek.  A submersible 

pump delivers water, through an ultraviolet unit, to the font, which is now on the outside of the 

building (Fig. 15).  It is reported that the natural spring conduit has been measured at 6 to 7 ft 

deep, in broken rock.  On November 4, 2009, the Shoshone Spring water had a specific 

conductance of 4,037 µS/cm at 21.8˚C (71.2˚F), equivalent to 4,300 µS/cm at 25˚C.  Dissolved 

oxygen was 2.32 mg/L.  A water analysis is summarized in Table A1.  On March 23, 2010, the 

flow was measured at the font at 0.8 gpm.  No CDWR record was found for the Shoshone 

Spring.  The current owner is the City of Manitou Springs.   

Soda Spring, Manitou Soda Spring, Manitou Spring (2?):  This natural spring, and 

perhaps at least one additional spring development or well, are beneath the present-day Spa 

Building on the north side of Fountain Creek at 934 Manitou Avenue (see Figs. 1 and 2).  

Cunningham (1964, 1973 reprint, p. 32) reports that “[t]he most important spring in early days 

was the Soda Spring,” and that it “was renamed the ‘Manitou Spring’ by the Colorado Springs 

Company which also built a pavilion at the spring and later a souvenir store.  The spring was 

incorporated in the building of the last Manitou Bath House, a large white stucco structure of 

Spanish design which became the Westernair rest home…”  No record was found in the 

CDWR database.  Figures 3, 5, 6, and 9 are early photos.  

Two entries in the Early Far West Notebook XIV (Pioneer’s Museum and Denver Public 

Library) Nos. 6 and 16, supplied by Deborah Harrison, give “Buzzard (Sylvester Monroe 

Buzzard of West Virginia originally) says water in the Big soda Spring was between 2 and 3 ft. 

deep (over 2 ft. at least),” and “Mr. Sebastian Greenway says: The Medicine Soda Spring was 

originally like an open crevice N.W. to S.E. and the water flowed of to S.E. & the slope on that 

side was covered with dipos of calc. tufa...”  The Greenway observation is accompanied by a 

sketch showing the shape of the crevice.   
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Harrison also provides an excerpt from the Early Far West Notebook XIV, No. 65: 

“Interview with John H. Bruening—In August of 1878, Bruening was at the big soda spring.  

The white deposit on it at that time, hung well over the creek like a shelf and Bruening went 

back under it for say at least 10 feet, until he was stopped by a wall of the same deposit that 

formed the top.  He says the bridge across the creek there then (planked) was supported by iron 

rods fastened into holes drilled into a large red granite boulder that lay in the bed of the creek.” 

George et al. (1920, pp. 106 and 364) refer to the Manitou Spring as “[i]n pavilion 75 

N. of Cheyenne Spring,” and “[s]ample from bubble fountain,” and give water analyses (see 

Table A1).  The Soda Spring is more nearly east of the Cheyenne Spring, and north of the 

Navajo Spring, but it seems probable that George intended to refer to it rather than to some 

other spring.  It is local custom to refer to locations on either side of Manitou Avenue as 

“north” or “south,” and the Manitou Soda Spring Pavilion was the only one “north” of 

Cheyenne Spring.  Loew’s 1874 sample from the “Manitou” Spring (see Cunningham, 1998, 

p. 19) is doubtless from this same spring; the Colorado Springs Company was in existence by 

1872, so that the Manitou name would have been in place (see Cunningham, p. 32).  An early 

name, La Font, was not used after the beginning of 1872.  Strieby (1894) sampled it in 1891. 

An account in the Manitou Springs Journal of May 5, 1914 describes the rediscovery of 

the original spring, which implies that at least one attempt was made before that to develop the 

spring by either an excavation or a well.  The account is summarized as follows: 

Lost in the early days in the Pikes Peak region, the original Manitou soda 
springs…has been found by Superintendent L.F. McMahon of the Manitou 
Mineral Water Company.  The original spring was located three and one-
half feet east of the bottom of the casing in the spring now in use, the waters 
being separated by a wall of hard clay.  The old flow was tapped and the 
waters of the two wells are now flowing to the surface together, the pressure 
being three times as great as ever before…The pressure of the gases is 
sufficient to force the water eight feet above the surface…An excavation 
had been made immediately adjoining the old spring for the purpose of 
repairing the casing and clearing the chamber at the bottom.  While 
superintending the work at the bottom of the pit, McMahon heard a roar 
similar to that caused by mineral waters rushing through a large 
underground chamber.  Upon further investigation he located the source of 
the noise and tapped the chamber, securing the flow of the original spring.  
The waters had been diverted to another underground passage by the 
formation of a heavy clay wall. 
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Harrison (2003, pp. 35-39) gives photos of the spring and the buildings associated with 

it, at various times in its history.  Luna (1971, p. 3) mentions the Manitou Spring “bubbling up 

into a globe,” and describes the glass globe that was reproduced in the latest renovation of the 

Spa Building (Fig. 16).   

Luiszer (1997, appendix) visited the “Soda” Spring on April 2, 1987, and commented 

as follows: “[t]he Manitou Spa building covers the Manitou Soda Spring, which is piped to a 

fountain inside of the building.  Water and CO2 issue from a plastic pipe on top of a travertine-

covered fountain. The spring was sampled from the plastic pipe.”  The “travertine” referred to 

is the ornamental facing of the font, not a natural deposit related to the spring.  The water 

analyses are given in Table A1.  Specific conductance was 4,390 µS/cm at 25˚C, and the 

temperature was 15.3˚C (59.5˚F). 

On November 7 and 11, 2009, samples were taken at the font (see Table A1), and the 

piping in the shallow vault beneath the floor in the room containing the font was examined 

(see Fig. 17).  The font consists of a pedestal covered with travertine (or a similar-appearing 

manmade material) and a glass or plexiglass globe into which the water and gas spray, and 

from which it drains back to the vault below.  Water and CO2 come to the font under natural 

pressure from a pipe rising from the floor of the vault (the small pipe at right in Fig. 17), and 

are diverted either to the font, which drains back through a pipe into the vault, thence to 

Fountain Creek, or to a valved connection beneath the floor from which samples can be taken.  

It is not known whether the pipe rising from the floor of the vault connects to the original, 

natural spring, or to a later well.  The spring was sampled from the spigot on the pedestal on 

November 7 and 11, 2009 (see Table A1).  Specific conductance was 3,081 μS/cm at 15.7°C 

(60.3°F), equivalent to 3,755 μS/cm at 25°C.  The flow on March 25, 2010, sampled at the 

discharge to Fountain Creek, was 0.39 gpm.   

The Manitou Soda Spring belongs to Manitou Spa Inc., LLC.  No CDWR record was 

found.   

Stratton Spring, Loop Pueblo Soda Water Well, Stratton Soda Spring (1):  This 

spring is a well, located in a concrete vault beneath the building at 953 Manitou Avenue (Figs. 1 

and 2).  The vault is accessible through a manhole in the floor of a room, about 10 ft from the 

front (street-side) wall.  Water is conveyed by natural pressure to a font outside the building, 

about 45 ft to the west (Fig. 18), and there is no pump.  The well is maintained under pressure, 

and there is no discharge other than to the font.  It is equipped with a LevelTROLL pressure-

transducer and recorder.  No CDWR record was found.  The current owner is Matt Gray. 
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A copy of the driller’s record of the well indicates that the Loop Pueblo Soda Water 

Well was drilled by W.P. Mosher of Berthoud, Colorado between January 9 and February 21, 

1936.  The log is shown in Table 3, along with a stratigraphic interpretation by the writers.  

Creighton (1951) mentions “…a lively boiling soda-water well at the street car terminal, the 

Loop.  Drilling here was approximately 260 feet…” 

The Mineral Springs Foundation’s Short History of Eight of the Best Known Mineral 

Springs in Manitou Springs has “[t]his well is one of the youngest and named after Winfield 

Scott Stratton, early day pioneer in the Colorado Springs and Cripple Creek region.  It was 

drilled in the early 1930’s by the Myron Stratton home.” 

Daniels and McConnell (1964, 1973 reprint, p. 37) and Luna (1971, p. 2) mention the 

Stratton Spring or Stratton Soda Spring, but add no detail.  Cunningham (1998), and Harrison 

(2003) do not describe the Stratton Spring.  

The Mineral Springs Foundation’s records indicate that the well is “drilled to 167 feet.”  

This may reflect a workover in recent years by Fletcher Drilling, with Judith Hamilton (of 

Denver) as the consultant.  Ms. Hamilton was not able to locate records of the work.  A 

shallower (167-ft) present-day depth would be consistent with the notations in the original 

driller’s log that indicate water with gas was found only above 190 ft, and the flow of still 

water from below 280 ft was at rates significantly greater than recent rates. 

 Luiszer (1997) reported a flow on April 22, 1987 of 2.0 L/min, or 0.53 gpm.  At that 

time, before the font was moved to its present position in 2009, Luiszer describes the 

configuration as “…water flows from a pipe (stainless steel or chrome-plated brass?) into a 

basin, which has a noticeable iron stain.  The flow is spasmodic alternating between water and 

large emissions of CO2.  During the winter the flow is diverted into a nearby storm sewer.  The 

spring was sampled from the pipe.”   

Most of the time, the flow from Stratton Spring is restricted to 2 gpm.  Monthly 

measurements of unrestricted flow have been made by the Mineral Springs Foundation.  Flow 

is sporadic, but the average of these measurements during the period late June 2006 to March 

2011 has been 6.9 gpm.  On March 25, 2010, the average unrestricted flow (to accumulate 35 

gallons) was 2.9 gpm.   
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Table 3.  Driller’s log and stratigraphic interpretation, Stratton Well 
 

from to description 
stratigraphic 
interpretation 

0 7 fountain sandstone wash 

7 42 fountain sand, large quartz crystals, 10 gallons soda 
water per hour at 35 ft 

42 46 soft red shale streaks 

46 50  hard Sandstone 

50 82 sandstone, quartz 

80 89 red shale 

89 98 sandstone, quartz, more water at 93, 10 gallons soda 
water additional per hour. 

Fountain Formation 

98 103 soft shale 

103 118 sandstone, much harder 

118 149 shale and sandstone 

149 165 sandstone, some shale 

Glen Eyrie Member of 
Fountain Formation 

165 168 coarse gray sand or pea gravel, some gas, sharp soda 
water, 20 gallons per hour 

168 169 fine brown sand 

169 170  coarse sand 

170 174 fine sand 

174 190 coarse sand and shale, iron water at 190 with more 
gas 

190 216 coarse sand and shale 

216 217 red shale 

217 226 very coarse sand 

226 229 hard sandstone and quartz 

229 254 sand with shale streaks 

254 280 brown sand 

280 283 
white sand, still water at 280, gas from further up 
hole.  Flowed still water at about 25 gallons per 
minute. 

Leadville Limestone 
and 

Williams Canyon 
Formation 
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 At the time of Luiszer’s visit on April 22, 1987, the specific conductance was 3,500 

µS/cm at 25˚C, and the actual temperature was 11.5˚C (52.7˚F).  His water analysis is 

summarized in Table A1.  When sampled on November 5, 2009 (see Table A1) the specific 

conductance was 2,588 µS/cm at an actual temperature of 14.2˚C (57.6˚F), equivalent to 3,261 

µS/cm at 25˚C.  

Wheeler Spring (1): The Wheeler Spring is located on Park Avenue at the intersection 

with Cañon Avenue (Figs. 1 and 2).  It is a drilled well.  Daniels and McConnell (1964, 1973 

reprint, p. 37) say that the “Wheeler Spring by the Post Office was drilled around 1920,” by 

Jerome B. Wheeler’s son-in-law, H.S. Cable.  A “note from Frances Graham” (Pikes Peak 

Journal, September 21, 1990) has “[a]bout the time of the First World War, the spring was 

added to increase the value and salability of Wheeler’s property,” but this remark would not be 

inconsistent with a drilling date around 1920. 

Literature of the Manitou Springs Bath House Company, dated June 25, 1920 

(information provided by Deborah Harrison) gives the flow of the Wheeler Spring at that time 

as “2-1/7 Gals. Water [sic] per minute.”  

Luiszer (1997, table 3) sampled the Wheeler Spring on April 15, 1987 (see Table A1), 

at which time the flow rate was estimated at 2.4 L/min (0.63 gpm), the specific conductance 

was 4,120 µS/cm at 25˚C, the pH 6.35, and the actual temperature 15.1˚C (59.2˚F). 

The Wheeler well was given to the City in the 1940s (Luna, 1971, p. 3), was recased and 

repaired in 1958, and more recently has been extensively rehabilitated by the Mineral Springs 

Foundation.  The Colorado Springs Gazette of July 21, 1958, reports that “Wheeler Springs 

located near the Post Office in Manitou Springs, gives the appearance of a pint-sized geyser 

when it is uncapped during repair work.  Joe Coniff, who has the contract for replacing the 

casing and otherwise repairing the spring, and his employee, Jim Pratt, watch the small geyser.”   

The well was again cleaned out to a bridge, at 120 ft, and badly corroded 4-in. and 8-in. 

steel casing from 12 ft to surface (see Fig. 19) was replaced with 4-in. and 8-in. PVC in 2008, 

and the wellhead is now in a stone vault with a CO2 vent stack combined with a functioning 

street light (Fig. 20).  Natural flow from the well is conveyed, through an ultraviolet unit, to 

the font on the side of the vault, and flow is restricted to a suitable rate for the font.  

Information as to the construction of the well was not found. 
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When visited and sampled on November 4, 2009, the specific conductance of the water 

was 3,234 µS/cm at a temperature of 21.2˚C (70.2˚F), equivalent to 3,487 µS/cm at 25˚C.  The 

pH was 6.33, and the dissolved oxygen concentration was 0.46 mg/L.  Chemical analyses are 

summarized in Table A1.  The unrestricted flow at the font was 1.51 gpm on March 25, 2010.  

The Wheeler Spring belongs to the City of Manitou Springs.  No. CDWR record was found. 

Twin Spring, Soda-Lithia Spring, Crosby Spring, Link Spring, von Wiesenberger 

Well (1):  The Twin Spring is inside the building at 121 Ruxton Avenue (see Figs. 1 and 2).  

Colorado Division of Water Resources records include a “late registration” received April 11, 

1980, for a well and water right belonging to Arthur von Wiesenberger of Santa Barbara, 

California.  The well, Permit No. 113780, is in Lot 7, Block D, Town of Manitou Springs, also 

given as 2,300 ft FSL, 200 ft FWL, in the NW ¼ of the SW 1/4 , Sec. 5, T. 14 S., R. 67 W.  

Although the township-and-range location description would put the well several hundred feet 

from the known Twin Spring, the lot and block numbers indicate that they are one and the same. 

The CDWR filing indicates that the well was drilled by W.S. Crosby, that the first 

beneficial use was on November 30, 1913, and that the “maximum sustained pumping rate” is 

8 gpm and the average annual diversion is 1.5 ac-ft/yr.  The well is reported to be 150 ft deep, 

and to have been flowing at the surface at the time of the CDWR filing in 1980; the water right 

is claimed for domestic use.  Manitou Springs Foundation’s records indicate, on the other 

hand, that the well was drilled in 1920, or the mid-1920s, and is 306 ft deep.  The source of the 

dates may not be entirely reliable.  Current property records show that the land belongs to the 

Laura K. Eriksson estate.   

Daniels and McConnell (1964, 1973 reprint, p. 37) give the drilling date as “about fifty 

years ago,” which would have been about 1914 if the text of the second printing is the same as 

that of the 1964 edition.  They refer to “[t]wo different flows…tapped by separate pipes.”  

Luna (1971, p. 12) describes Twin Springs as “a soda-lithia spring that was drilled in the 

1920’s by W.S. Crosby… [t]here used to be two different flows which were run into separate 

pipes…but now both have come into one flow.” 
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The Mineral Springs Foundation’s Short History of Eight of the Best Known Mineral 

Springs in Manitou Springs has “[t]his is a well, drilled by W.S. Crosby about 40 years ago.  

At 201 feet water was reached which was weak in mineral content.  He continued with a 

smaller pipe to 306 feet where very good water was obtained.  The two waters being different, 

the Spring was named ‘Twin Spring.’  However, the waters now join underground and flow as 

one.  This Spring was first called ‘The Soda-Lithia Spring.’  At the time of drilling it was the 

only Lithia water in the State.  It had very little gas…” 

Luiszer (1997) visited the Twin Spring on April 15, 1987.  The flow rate was 

6.7 L/min, or 1.8 gpm, and the specific conductance of the water was 2,490 μS/cm (at 25°C).  

The actual temperature was 10.8°C (51.4°F).  Luiszer states that “[t]he Twin Springs are two 

drilled wells that are piped together into one.  The spring issues from a galvanized iron pipe 

into a basin on the front of a building on Ruxton Avenue.”  A photo (Fig. 21) shows two 

discharge lines from a single well, with one connecting to the casing itself and the other 

appearing to connect to a smaller-diameter liner or production-casing string that can be seen 

above the top of the casing.  There is a third connection to the casing, at about floor level.  

Two of these discharge lines are piped to the font on the front of the building (Fig. 22).  

Probably the Twin Spring is a single well, drilled in 1913 to 306 ft, with tubing and packer 

producing from deep in the well, and a connection to the casing head producing water from 

above the packer. 

When sampled in 1991 by Mayo and Muller (1997), the combined flows were 

estimated at 4.0 gpm.  The analytical results, similar to Luiszer’s, are shown in Table A1.  The 

Twin Spring was not sampled, and open-flow rate was not measured. 

It might be expected that the several water analyses available for Twin Spring (see 

Table A1) would show a variability reflecting the fact that two stratigraphic intervals, with 

different waters, are tapped by the well, and the relative contributions of the two zones might 

change with time.  The two most recent analyses do show lower TDS and carbon dioxide 

concentrations than the earlier analyses, and higher temperature, but the variation is not 

notably different from other springs.  Probably the best evidence of the different chemical 

character of the two waters is the presence of more gas in the upper water, described above.  
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Mishatunga Spring (1):  Daniels and McConnell (1964; 1973 reprint, p. 36) describe 

a spring, as follows: “between the Cheyenne and the Shoshone [a distance of about 500 ft] was 

another natural spring known as the Mishatunga.  It was supposed to be about twenty to 

twenty-five feet from the Shoshone, and near the creek, but it was never mentioned after 

1874.”  They give no reference for this information.  Luna (1971, p. 3) repeats essentially the 

same information, and also cites no reference for it.  It seems likely that the 1874 description 

comes from the Hayden Expedition or Wheeler Survey reports (Hayden, various dates; 

Wheeler, 1875).  It is supposed that the spring disappeared during a flood in the 1870s.  A 

conjectural location for Mishatunga Spring is shown on Figures 1 and 2.  No water-quality or 

flow-rate information was found. 

 Creighton Bath House Spring (2):  A Colorado Springs Gazette Telegraph article of 

February 20, 1907 (provided by Deborah Harrison) has “[w]orkmen excavating for the new 

Manitou bathhouse, opposite the Mineral Water Company’s building, on Manitou Avenue, 

yesterday afternoon opened what is believed to be the strongest mineral spring in Manitou.  

The water is said to be strongly impregnated with soda.  Chemical tests will be made at once.”  

The language of this article seems clearly to refer to a spring found during foundation 

excavations, not many feet below land surface, in essence a natural spring that discharged into 

the alluvium or shallow bedrock and thence into Fountain Creek, but had no expression at the 

land surface.  The location is described in a September 21, 1990 Pikes Peak Journal article by 

Frances Graham as “behind what is now the Olde Tyme Photo and Townhouse Lounge 

properties (903 and 907 Manitou Avenue)” (see Figs. 1 and 2).  This was the site of a 

“bathhouse which was planned but never built except for the foundation,” by Dr. Basil 

Creighton, according to Charles Dudley (in a Manitou Springs Gazette Telegraph article of 

March 15, 1955, provided by Deborah Harrison).  

 A Gazette Telegraph article published more than three years later, on September 30, 

1910, describes what is evidently a well in the process of drilling at that time, at a location that 

Harrison believes is the same Creighton property.  This article, under the headline “Water has 

been analyzed and found to contain minerals, but there is no gas,” includes the following text: 

At a depth of a little less than 200 feet, Contractor Marshall, working for the Pike’s 
Peak Development Company has struck a gusher of mineral water on Creighton 
property on Manitou Avenue.  While Manitou has a variety of mineral springs, this 
one is a little different from any one yet opened up.  The quantity of water flowing 
from the spring is enormous, and is believed to be almost as much as that coming from 
all of the public springs in Manitou combined.   
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Dr. B.B. Creighton on whose property the new spring is located, has analyzed a 
quantity of the water and finds that it is very much similar to the water coming from 
the public sulfur spring just east of the bottling works [the Shoshone Spring], but one 
remarkable feature about it is that there is scarcely any gas in it.  This makes it milder 
than any of the waters in Manitou. 

The drillers have a contract to go down about 700 feet, with the hope of striking hot 
water, which, if found in sufficient quantities will be used in a bath house to be erected 
by the Development Company. 

The drillers were handicapped in their work this week, waiting on casing for the well. 

 In his Notes to the Town Clerk of 1951, Dr. Creighton has “[a]t the Creighton well, 

(financed by Prof. W.H. Creighton, of Tulane University), to the west (or north) of  Navajo Ave. 

and on Manitou Ave, in proximity to Navajo Hotel, drilling extended to a depth of 260 ft.  This 

well has been covered…”  It seems clear that the projected 700-ft well was never completed.   

 At 200 ft, the well would have struck the flowing water in the lower part of the main 

body of the Fountain Formation.  The total reported depth of 260 ft would be in the Glen Eyrie 

Member.  No water analysis has been found, but the statements above suggest that the water 

contained a relatively small component of high-TDS water from the deep-circulation system.  

It is probable that the flow from the natural spring found in the excavation, “strongly 

impregnated with soda,” had significant carbon dioxide content, in contrast with the water 

from the well, which had no gas. 

 The remark that “this well has been covered” may not mean that it was actually 

plugged and properly abandoned, but only that the surface flow was stopped and the well 

covered over.  If the casing was left in the well, it has presumably corroded away, and some 

leakage is very likely.  The report of the drilling of the well was dated September 1910, but 

George et al. (1920), who visited Manitou Springs in mid- to late 1911 or early 1912, do not 

mention it.  It may have been abandoned by that time.   According to Ed Shouse, quoted in the 

September 21, 1990 Pikes Peak Journal article referred to above, there was still a “ground 

level spring” with some sulphur content at that location in the 1930s.”   

Sequoia Spring, Sequoia Well (1):  This well, now abandoned and covered by a 

concrete walk was at the east end of the Cliff House Hotel as it existed prior to the addition 

that now houses the bar (see Figs. 1 and 2), and belonged to the Cliff House.  Cunningham 

(1964, 1973 reprint, p. 37) states that “E.E. Nichols drilled the Sequoia Spring at the Cliff 

House but the minerals quickly clogged the pipes.”  Luna (1971, p. 3) has “[t]he Sequoia 

Spring was here in the 20’s, but its own minerals caused its demise like the others,” but it was 

apparently not abandoned until 1999, as described below.  The font is shown in Figure 23. 
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Mayo and Muller (1997, p. 288-289) appear to have sampled the Sequoia Spring in 

1991, judging by the position of the spring relative to the identifiable Wheeler Spring on their 

map, referring to it as the “Manitou Hotel” spring (see Table A1).  The flow rate is given as 

0.05 L/sec (0.8 gpm).  A Well Abandonment Report in CDWR records shows that a well 

belonging to “James Morley-Cliff House” located 2,310 ft FSL, 1,420 ft FWL, Sec. 5, T. 14 

S., R. 67 W., was abandoned by filling with neat cement, by Can-America Drilling, on March 

31, 1999.  This is presumably the Sequoia well.  The reason for abandonment was given as 

“water was seeping into basement through casing.” 

Well at North Side of Cliff House (1?):  There has been mention of a well on the 

north side of the building, in existence as late as the 1950s.  No further information was found.  

A conjectural location is shown on Figures 1 and 2. 

Livery Barn Well, Hutchinson or El Paso Livery Well (1):  Dr. Creighton, in his 

Notes to the Town Clerk (1951), states that “in the early days, a well was drilled at the corner of 

Otoe Ave. and Manitou.  It was utilized by a prominent livery Co. [sic] having an extensive 

tourist business.  The mineral water speedily took the varnish and paint off the carriages, so the 

well was abandoned…”  Deborah Harrison believes that the well was in or behind the 

Hutchinson or El Paso livery, in what was then the next building to the east of the present 807 

Manitou Avenue, which contains the Navajo Geyser.  The approximate location is shown on 

Figures 1 and 2.  A well described by Daniels and McConnell (1964, 1973 reprint, p. 38), and 

others among the sources consulted, “was drilled behind the town’s livery barn.  It was used for 

a time to wash carriages, until the owners noticed that the mineral water was removing all the 

varnish.”  The location, described only as “nearby” the Navajo Geyser, is presumably the same.   

Harrison (2003, p. 30) gives a photo of  “…the first livery stable in Manitou Springs,” 

which “sat on the south side of Manitou Avenue, just east of the Manitou House,” which puts 

that livery stable just east of the corner of  Manitou Avenue and Deer Path Avenue.  There is a 

rumor of a well at this site, but no evidence for it was found, and no location is shown on 

Figure 1 or 2. 
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 Grand View Steps Spring (1):  Dr. Creighton (1951) identifies what is presumably a 

natural spring at a location interpreted by Deborah Harrison to be on the south side of Manitou 

Avenue, directly across from the Spa Building, and Patsy’s Candies (the site of the Navajo 

Spring).  A tentative location is shown on Figures 1 and 2.  Creighton’s description has 

“[p]ossibly the best place for a popular open well, like the original Manitou soda spring, could 

be readily developed almost directly opposite the Arcade Grocery, just south (or east) of the 

steps that lead to the Grand View Hotel [now Summit Ministries].  There is a street sewer 

about that point and the highly effervescent spring flow is now covered by the sidewalk; you 

may have walked over these spring waters, never suspecting what was beneath your tread…” 

 Nothing further has been found relating to this spring, and no evidence of it was found 

in a field check of the spot on May 29, 2010.  The Grand View steps are shown in Figure 24.  

Presumably the discharge into the alluvium, and thus to Fountain Creek, continues.  

Spring at Tubby’s Turnaround (1):  An August 17, 1999 site plan associated with 

CDWR Well Permit No. 36749, for four monitor wells, shows the locations of buildings, 

excavations for underground storage tanks, and monitoring wells at Tubby’s Turnaround, 1106 

Manitou Avenue (see Figs. 1 and 2).  The map also shows a “natural spring,” perhaps found 

during the excavation, at the south corner of the store building.  The depth to water in the 

monitor wells at the site is given as about 4 ft, roughly the depth to the water-surface elevation 

in Fountain Creek.  The logs of borings show medium- to coarse-grained, red, silty sand to 

12 ft.  Presumably, flow from the spring is or was carried in the alluvial sand to discharge in 

Fountain Creek.  No further information was found in CDWR files, but the consultants that 

carried out investigations may have field notes or reports that mention the spring.  They are 

Geologic Services & Consultants, Inc., Colorado Springs. 

Park Avenue Spring (1):  Creighton (1951) wrote “…I may state that at the edge of 

the creek (Fountain), at the southeast corner of the Manitou Avenue filling station lot of Mr. 

Smith, at Park Avenue next to the bridge (see Figs. 1 and 2), soda-water formerly effervesced 

at the creek surface.”  The tract is presumably the same as the present Tubby’s Turnaround, 

where a “natural spring” was found in excavations (see above), but the position of the 

appearance of the soda water in the creek seems different enough to warrant separate mention.   

20 Grand Avenue (1?):  A French drain system at the Bryant Regan residence at 20 

Grand Avenue has travertine-like deposits that may be attributable to intermittent spring flows.  

The elevation is about 6,383 ft.   
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Eastern Springs 

This group includes the Seven Minute and Mansions springs, and a well at the nearby 

Hiawatha Gardens.  There has been some uncertainty as to the history of the Seven Minute and 

Mansions springs.  The interpretation below is an attempt to reconcile the several accounts from 

George et al. (1920) and contemporary newspaper articles, which were written close to the time 

the wells were drilled, and leads to the conclusion that by 1911 or early 1912, there were two 

wells on the south side of Fountain Creek (one “in Mansion Hotel,” and one “in Mansion Hotel 

pavilion”), and one well on the north side of the creek (the original Seven Minute), two probably 

drilled in 1909 and one in 1909 or shortly after.  A fourth well was drilled in 1913, at the Seven 

Minute site, and a fifth was drilled in 1992 at the Seven Minute site.  The first of the 1909 wells 

was at the Mansions Hotel, and the second was at the Seven Minute site. 

Seven Minute Spring (3):  The present spring, and two predecessors, are actually 

wells, located in the park at 514 El Paso Boulevard (see Figs. 1 and 2).  Detailed locations of 

the present well (labeled “new well”), and two earlier wells (labeled “existing springs”), are 

shown on the park design plan, Figure 25.  One of the two early wells (Luiszer’s Seven Minute 

West spring) is now beneath the concrete apron of the amphitheater, and the other (Luiszer’s 

Seven Minute East spring) is beneath a sidewalk, a few feet from Washington Avenue.  They 

are about 45 ft apart.  No record of any of the wells, or of any water right, was found in 

CDWR on-line files. 

George et al. (1920, p. 106) describe the Seven-Minute Spring, which was visited in late 

1911 or early 1912, as “about 100 yds. N.E. of Mansion Hotel at mouth of small gully on 

opposite side of creek.”  Some analytical results are provided for all of the other wells and 

springs they visited, but they do not provide a water analysis, nor an estimated flow rate, and do 

not make clear which side of the creek is meant, although the opposite side from the hotel would 

imply the north side.  The description of the location suggests that their Seven Minute Spring is 

one of the two early wells at the Seven Minute site, which would have been “at the mouth of a 

small gully” according to the topographic map, and roughly 400 ft northeast from the western 

end of the present City Hall, near the site of the Mansions Hotel.   

An undated document titled “Seven Minute Spring Historic Data for Documentation 

and Presentation to Board and Prospective Donors,” presumably prepared by the Mineral 

Springs Foundation and found in State Engineer files, Permit No. 166837, with a date-stamp of 

August 27, 1992, includes an entry headed “Unknown date, June 1910,” giving a water 

analysis for “well No. w [sic; presumably a misprint for “2”], near old Manitou house.”  The 

analysis, converted from grains per gallon to mg/L units, is shown in Table A1. 
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This account is adapted from the Manitou Springs Foundation’s overview, and the 

Foundation’s publication A Short History of Eight of the Best Known Mineral Springs in 

Manitou Springs: Seven Minute Spring and Park are at the site of the Manitou House Hotel, 

build by town founders Gen. William Palmer and Dr. William Bell in 1872.  The hotel burned 

in 1903.  The first “spring” at the Seven Minute site was drilled by E.C. Staffa for Finis P. 

Ernest, owner of the Mansions Hotel, in December of 1909.  “Good water” was found at 85 ft, 

and the well is sometimes described as being 85 ft deep, although an October 13, 1913 article 

in the Manitou Springs Journal indicates that the original Seven Minute Spring “has a depth of 

112 feet.”  The Seven Minute name is attributed to the periodic “geysering,” or discharge of 

CO2-charged water at roughly 7-minute intervals.   

No detailed record of the second well was found, but an article in the Manitou Springs 

Journal of October 3, 1913 reports that the Staffa rig had been “taken to the Mansions Hotel 

grounds near the Seven Minute Spring, and preparations are being made to start drilling for 

mineral water.”  The October 10, 1913 article indicates that the new well is about 30 ft from 

the Seven Minute Spring, “which has a depth of 112 feet.”  October 31, 1913, more than a year 

after George’s visit, under the headline “Water Flowing from Top of Casing,” describes a well 

then being drilled on the Mansions property:  “[t]he well being drilled on the Mansions 

property is down nearly 150 feet.  Soda water is flowing from the casing and there seems to be 

a good quantity of gas issuing from the hole.  The flow of water is not sufficient to satisfy the 

owner…[article cut off here].  This is the second Seven Minute well. 

Presumably these two wells were the two “springs” that existed at the time of Luiszer’s 

field visit on April 2, 1987 (Luiszer, 1997, appendix).  Luiszer’s description is:  

Seven Minute Spring was actually two springs: the eastern spring was next to the 
road and other one was ~15 meters [49 ft] to the west. The western spring issued 
from alluvium into the bottom of a broken cement basin (~80 cm diameter by ~30 
cm high) [2.6 ft diameter by 1.0 ft high].  The eastern spring issued from the 
bottom of a small, natural basin (~20 cm diameter by ~10 cm deep) [8 in. diameter 
by 4 in. deep] on top of a poorly developed travertine mound.  Both of the springs 
were sampled near their centers where CO2 was bubbling up, ensuring that the 
water was not contaminated by air.  Since the first sampling, the springs were 
plugged and a new deeper well was drilled.  

Luiszer found that the waters from the two wells differed in chemical constituents 

(Luiszer, 1997, table 3; see Table A1 of this report), the East well having significantly greater 

chloride, sulfate, and TDS.  Presumably the second of the two wells was somewhat deeper 

than the first, and may be expected to yield water less mixed with low-TDS surface water, and 
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it is inferred that the East well was the newer of the early wells.  Water from the east well also 

had significantly higher CO2 concentration, but this clouds the issue of relative age and depth 

of the wells, because Luiszer’s measurement of CO2 in the west well (equivalent to 

1,770 mg/L) is almost the same as the calculated CO2 concentration (1,735 mg/kg, see 

Table A1) in the 400-ft well drilled in 1992 (see below), presumably the deepest of the three. 

Mayo and Muller (1997, table 1) visited Seven Minute Spring in June 1991, and 

reported a flow of 0.25 L/sec, or 4.0 gpm, but do not indicate which of the two wells then in 

existence was sampled.  Their water analysis is given in Table A1. 

A third well was drilled in 1992 (State Engineer Permit No. 166837-A), to a total depth 

of 400 ft.  It is directly beneath the font, which is to the left of the gazebo as shown in Figure 26.  

According to the Well Construction and Test Report on file with the Colorado Division of Water 

Resources (see Permit 166837-A), a “spring [was] encountered” at 10 ft, and water was found at 

90 ft, 190 ft, and 360 ft.  The log (Table 4) indicates that the top of the Fountain Formation 

sandstone was at 10 ft, and the top of limestone, interlayered with shale and sandstone, at 360 ft.  

The presence of limestone in the lower 40 ft of the log suggests that the borehole was drilled into 

the uppermost part of the Leadville Limestone.  The log indicates that “most [of the] pressure 

and volume [came] from 360 ft.”  Surface casing, 6-5/8-in. steel pipe with a steel drive-shoe, 

was set and cemented at 21 ft, and the well was cased with 4-1/2-in. PVC casing to 400 ft, 

perforated from 340 to 400 ft.  The well flowed at about 4 gpm, and the shut-in head was about 

4 ft above land surface.  The well was pumped by air-lift for 2 hours at a rate of 50 gpm.  It 

appears that, at some time, a 280-ft string of 2-in. flush-joint tubing was run in the well.  No 

record of the plugging and abandonment of the two older wells was found.  

Between June 2005 and March 2006, flow was measured monthly, with measurements 

ranging from 0.2 to 0.4 gpm, but these measurements are subject to some question as will be 

discussed below.  In April 2006, the well ceased to flow.  The 2-in. tubing was pulled and a 

video survey conducted.  A vertical crack in the PVC casing was found between 17 and 37 ft, 

with air(?) entering the well through it.  The casing was partly collapsed from 260 to 360 ft, 

and the camera would not pass below 360 ft, the top of perforations.  In May 2006, efforts 

were made to clean the well out, and a fabricated packer was set on PVC pipe at 47 ft.  The 

well flowed 4 gpm to the font.   
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Table 4.  Driller’s log and stratigraphic interpretation, 1992 Seven Minute well 
 

from to description 
stratigraphic 
interpretation 

0 10 decomposed; spring encountered at 10’ 
soil and weathered 
Fountain Formation 

10 360 fountain sandstone (red, orange, brown) Fountain Formation 

360 400 
limestone and shale, layered with sandstone  
(red, orange, brown) 

Leadville Limestone 
   

  water locational [sic]  90’, 190’, 360’ 

  flowing well, carbonated water lifted by CO2 

  most pressure and volume coming from 360’ 

  all waters carbonated 

 
 
 
 
 

 
 

Between June 2006 and March 2007, flow was measured monthly, with measurements 

ranging from 0.7 to 1.6 gpm, again subject to some question.  In April 2007, flow ceased 

again, and further cleanout and a video survey were performed.  The shut-in head was 

measured using a temporary inflatable packer at 40 ft, and was equivalent to 31 ft when the 

packer was set, and rose to 41 ft after 30 minutes.  A permanent packer fabricated from a 2-in. 

x 3-in. rubber Mission coupling was installed on 40 ft of 1-in. PVC pipe.  After that work, the 

well flowed 6.25 gpm, which was choked back to 0.83 gpm for delivery to the font.  A 

transducer and data-logger were installed in August 2007.   

At the time of the JSAI visit, November 3, 2009, the well was flowing about 1.4 gpm 

and the water had a temperature of 14.5°C (58.1°F).  Specific conductance was 2,000 μS/cm, 

equivalent to 2,502 μS/cm at 25°C.  Water quality for the three wells is shown in Table A1, 

although the identification as between the two older wells is not certain.  Between April 2007 

and October 2009, flow had been measured monthly, with measurements ranging from 0.4 to 

1.5 gpm, but during the first week of March 2010, in the process of investigating a sink hole 

that was developing behind the font, it was found that most of the flow from the well was in 

fact leaking from the font drain and entering a French-drain system that also conveys water to 

Fountain Creek.  The actual production from the well at that time was estimated at 12 gpm, 

most of which was uncontrolled (information from David Wolverton).  On March 25, 2010, 

the combined flow was 14.7 gpm, of which 1.6 gpm was measured at the font, and the 

remainder at the discharge to Fountain Creek.   
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Specific conductance has been measured, along with pressure, by the instrumentation 

in the well, beginning on March 9, 2010.  The conductance record is shown in Figure 27, and 

shows significant variation over time.  The range has been about 175 μS/cm as of early 

September 2010, and does not appear to correlate with change in pressure in the aquifer.  

The fact that water was found at several depths within the Fountain Formation may 

suggest some upward leakage from the aquifer, either through natural conduits or permeability, 

or by way of one or both of the abandoned wells.  The measured shut-in head at the new well, 

at 41 ft above land surface (equivalent to an elevation of about 6,354 ft) is somewhat less than 

the head at the McClurg Well, about 6,396 ft.  The measured head may not be fully 

representative because of the short shut-in period, the drawdown that would have occurred 

during the century of existence of one or more wells at the site, and leakage.  In addition, the 

head is likely to be less at the Seven Minute Spring than at the McClurg Well because some 

head gradient from the area where high-TDS water is entering the aquifer near the eastern end 

of the system, toward the natural discharge which is largely in the western part of the system, 

is indicated by the fact that high-TDS water continues to discharge. 

The spring is now owned by the City of Manitou Springs.  Water from the current 

Seven Minute Spring is piped to the font.  At the time of writing, a new replacement well was 

being contemplated. 

 Mansions Springs (2):  Two drilled wells are known (see Figs. 1 and 2).  One of the 

wells still exists, and is in a vault beneath the parking lot between City Hall at 606 Manitou 

Avenue and the Manitou Springs Fire Department building adjoining to the west.  Figure 28 

shows the wellhead as it exists today.   The second well has been lost. 

 The first reference to drilling around the Mansions Hotel in contemporary newspapers 

is in early November of 1909.  By November 10, the Colorado Springs Gazette Telegraph 

reports a “new spring, giving a large flow of magnetic soda water, was opened up this morning 

10 feet east of the Mansions Hotel building in Manitou.   The spring was tapped at a depth of 

225 ft.  The water will be piped directly into the hotel.”  An article on the following day 

reported that the “drill has been moved to the site of the old Manitou House, where an effort 

well be made to locate another spring,” which would become the original Seven Minute 

Spring.   
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Figure 27.  Seven Minute Spring (1992 well), specific conductance of water since March 9, 2010. 
 





JSAI  51 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 The account in an undated document titled “Seven Minute Spring Historic Data for 

Documentation and Presentation to Board and Prospective Donors,” presumably prepared by 

the Mineral Springs Foundation and found in State Engineer files, Permit No. 166837, with a 

date-stamp of August 27, 1992 describes the history.  It includes the statement, “In 1909, the 

Ernests were busy drilling the Mansions Spring, and it was a huge success, so they had the 

drilling team move their equipment down to the Old Manitou House site.  Then, on December 

10, 1909, at a depth of 85 feet, they hit water.  It gushed like a geyser up to 2 feet.  The 

temperature of the new spring was 52 degrees.”  This item suggests that the first well at the 

Seven Minute site was drilled immediately after the first well at the Mansions Hotel itself.  

This same source includes an analysis for “water from well No. 1 just east of the Mansions 

hotel.”  The analysis is included in Table A1. 

 George et al., (1920, pp. 106, 359 and 360) describe the Mansion Hotel No. 1 and 

Mansion Hotel No. 2 wells as being “in Mansion Hotel,” and “in Mansion Hotel pavilion, 

south side of creek,” respectively.  They also refer specifically to the Seven Minute Spring on 

the opposite side of the creek.  This indicates that there were two wells on the Mansions Hotel 

grounds south of Fountain Creek by 1911 or early 1912.  Newspaper accounts of the time 

show that the E.C. Staffa rig was working on other wells in Manitou Springs in March, April 

and May of 1910, but the rig may have been available either earlier or later that year.  Full 

chemical analyses for both are given (see Table A1), and the flow rates as of late 1911 or early 

1912 are given as 0.5 gpm and 3 gpm, respectively. 

 Dr. Creighton’s notes (1951) have “…when the original well at that point was 

developed by Major Ernest, the flow of mineral water was encountered at about 309 feet.  The 

mistake was made of putting down iron pipe of narrow caliber as tubing.  Iron is subject to 

corrosion by the carbonic acid gas in the mineral water; algae settle in the corroded spots, their 

grown eventually chokes the bore.  The flow persisted a number of years, and the quality of 

the mineral water was excellent…”   

 An article in the Manitou Springs Journal of March 4, 1910 describes a new pavilion, 

incorporated into today’s City Hall, then about to be built: “[t]he new structure is to be 40 x 90 

feet, and will be built of concrete with the exception of the roof, which will be tile.  The 

pavilion…will be located just east of the spring, and the water will be piped to the center of the 

building, necessitating the water being raised about 8 feet from level ground.”  The statement 

implies that only one “spring” existed at the time, and thus that the well to be connected to the 

pavilion was the 1909 well, Mansions No. 1.  Luna (1971, p. 2), however, reports that “[t]he 
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City Hall was built on the site of the Mansion Hotel Pavilion where Mansion Spring Two was, 

but shortly after the turn of the century it clogged with its own minerals.  The hotel and filling 

station in the next two buildings [presumably to the west] is on the site of the former Mansion 

Hotel on which Spring One was located, but it succumbed to the same fate as its only sister, 

Spring Two.”  Although Luna’s account invites questions (why say “shortly after the turn of 

the century,” when the first well was known to have been drilled in 1909?), it suggests that the 

present-day Mansions Spring is the later of the two wells reported by George et al., because 

the 1909 well had already “succumbed.” 

 A Manitou Springs Journal article of November 26, 1909 gives a depth of 280 ft, but a 

Colorado Springs Gazette report of November 11, announcing that “another soda spring was 

opened up yesterday.”  These two pieces of information may not be inconsistent, however.  

Although “[t]he vein was tapped” at 225 ft, the well may not have actually been completed on 

November 11, or the total depth drilled may have been 280 ft, and the depth to which casing was 

run may have been 225 ft, leaving an open-hole completion between 225 and 280 ft.  This would 

have been consistent with drilling practice of the day, and is also consistent with the report in the 

Manitou Springs Journal of November 12, 1909, that a vein of soda water was struck at 225 ft.  

 The Mansions spring accessible today, called Mansions No. 2 (pavilion) in this and 

other reports, but which may in fact be the Mansions No. 1 well of 1909, now belongs to the 

City of Manitou Springs.  Luiszer (1997) seems not to have visited it, nor did Evans (1986) or 

Mayo and Muller (1997).  Harrison believes that any and all Mansions Hotel wells had been 

covered and were forgotten by the time those workers visited Manitou Springs.  

 The well was worked over in February 2009.  This consisted of cleaning out to a bridge 

at 177 ft, and installing new 4-in. PVC casing, perforated from 49 ft to 133 ft, and 155 to 

177 ft, with a cement basket at 46 ft to prevent upward flow outside the casing.  A string of 1-

in. pipe with a rubber packer was installed to 40 ft inside the 4-in. casing.  A pressure 

transducer was set at 166 ft.  Further work in December 2009 attempted to place a seal in the 

annulus outside the casing so that the well can be shut it for pressure monitoring.  

 Hiawatha Gardens Spring (1):  A Colorado Springs Gazette article of August 20, 

1920, reporting the fire that virtually destroyed the Hiawatha Gardens dance pavilion, includes 

the statements that “Mr. Leddy finally acquired the property and last summer [presumably 

1919] opened it as a dance pavilion…,” and “[h]e also drilled for mineral water and struck a 

good flow.  This spring, right at the entrance of the place, proved an additional attraction.”  

The website of the Tajini Alami Restaurant, at 10 Old Man’s Trail, just east of the Seven 
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Minute Springs, describes it as being on the site of the former Hiawatha Gardens, and the 

location of the restaurant is shown on Figures 1 and 2 of this report as the conjectural location 

for the well.  No other information about it was found.  

Iron Springs 

 Identification of the individual “iron” springs and wells along Ruxton Creek is 

particularly problematic, but eight, and possibly nine, springs and wells can be fairly reliably 

described.  

 Iron Geyser, Iron Springs Geyser (1):  George et al. (1920, pp. 106, 366) indicate 

that the Iron Geyser is “drilled to 285 ft.  Located 300 ft down creek from No. 117 [which is 

identified as the Ute Iron Spring],” but this distance may be a misprint, as discussed below.  

They provide a water analysis (see Table A1), and give an estimated flow rate of 16 gpm at the 

time of their visit in 1911 or early 1912.   

 Mineral Springs Foundation information gives the address as 431 Ruxton Avenue, 

indicates that the well was drilled by J.G. Hiestand in 1910, and reports that “in the early days, 

it gushed every 30 minutes.”  See Figures 1 and 2 for the location.  The surface infrastructure 

at the spring was restored in 1991, and a major workover of the well and reconstruction of the 

pavilion, stone wall, and stairs were carried out by the Mineral Springs Foundation in 1998.  

The spring now belongs to the City of Manitou Springs.  No record was found in CDWR files.  

 Daniels and McConnell (1964, 1973 reprint, p. 37) refer to the Iron Geyser as “the only 

iron water well,” although that may not be the case, as discussed below, and report that 

“[w]ater from this well gushed high into the air every half hour, drawing tremendous crowds 

to view the eruptions.”  A contemporary news article (Manitou Springs Journal, April 8, 1910) 

report it as one of the best, if not the best mineral spring in Manitou, describe a rich iron 

flavor, and report that the gas is so strong that at times the water spurts from 3 to 5 ft above the 

casing, with flow at intervals of about 15 minutes.  A pavilion was in place by July 29, 1910, 

as mentioned in the Manitou Springs Journal of that date. 

 Luna (1971, p. 1) mentions a “roof covered fountain,” and “the bubbling iron spring,” 

noting that “nobody has used this since the early 30’s.”  Luna’s report repeats the analyses of 

George et al., and gives an early photo (at p. 6) of the “Iron Geyser Spring” that shows a 

vertical plume reaching a height of perhaps 8 ft above the top of the pipe, or 12 to 14 ft above 

ground level (see Fig. 29).  Three other photos (Luna, 1971, pp. 11, 12) show the Iron Springs 

Geyser, and its pavilion and font, at various times before 1971.  
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 Luiszer (1997, appendix) sampled the Iron Geyser in 1987, and describes it as “a 

drilled spring, [which] issues from a plastic pipe into a cement and stone fountain, which is 

under a small pavilion next to Ruxton Avenue.  The wetted portions of this fountain are 

covered with thick iron-oxide deposits.  The water sample was collected from a plastic 

overflow pipe, which is located in the basin about one meter from the spring outlet.”  The 

wellhead and font have been replaced since Luiszer’s visit. 

 Mayo and Muller (1997, p. 289) visited and sampled an “Iron Spring,” but the location 

relative to the Ute Pass fault zone, interpreted from their sketch map, and the fact that the 

original Ute Iron Spring, under the Iron Springs Chateau as described below, had been capped 

many years before, indicate that their sample (see Table A1) actually came from the Iron 

Geyser. 

 In the May 2008 workover by Mineral Springs Foundation, the top of the existing 8-in. 

steel casing was found at about 8 ft below the level of the present-day slab, with several earlier 

slabs and remnants of earlier casing-head repairs above it.  The casing was found almost 

completely corroded away below about 18 ft, and much of the water entering the well 

appeared to be coming in at about 68 ft. The total depth reached was about 145 ft.  The 8-in. 

steel casing was extended to above the slab with 8-in. PVC, and a 4-in. PVC liner with 

perforations from 85 to 145 ft, capped at the bottom, was installed to 145 ft.  Gravel pack was 

placed around the 4-in. liner from bottom to about 48 ft, above which a small amount of neat 

cement and 11 sacks of bentonite were placed to about the top of the 8-in. steel casing.  

Bentonite was placed around the steel-to-PVC transition, and the pit backfilled to the base of 

the new slab.  A packer (shop-made from a 3-in. by 2-in. rubber Mission coupling) run on a 

20-ft string of 1-in. PVC was installed to collect the flow from the well.  On September 2, 

2008, the 1-in. tubing was extended to about 60 ft.  The well flowed about 1.7 gpm after an 

hour.  The present-day pavilion is shown in Figure 30, and the current font is shown in 

Figure 31. 

 When visited on November 6, 2009 and January 29, 2010, the well was flowing and the 

water was sampled (see Table A1).  The specific conductance at the time of the 2010 sampling 

was 2,965 μS/cm (at 25°C) and the actual temperature was 9.8°C (50°F).  A sample for helium-

isotope analysis was collected.  The flow was measured at 0.71 gpm on March 25, 2010. 
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 Ouray Spring, Ouray Iron Spring, Ute Mineral Spring (1): George et al. (1920, pp. 

105, 354) describe the Ouray Iron Spring as “piped to pavilion over Ute Iron Spring, 200 ft,” 

and provide a water analysis, and estimate the flow rate (in 1911 or early 1912) at 2 gpm.  

Daniels and McConnell (1964; 1973 reprint, p. 36) describe the Ouray Spring as “[a]cross the 

creek and to the south” from the Chateau, and indicate that water from the Ouray Spring “later 

was piped a few yards down the creek coming out near the Chateau.”  Luna (1971, p. 1) gives 

the location as “200 feet up from the Chateau” (perhaps simply repeating the distance given by 

George et al.), and indicates that the Ouray Spring has been capped.  Luna’s map shows the 

Ouray Spring on the south side of both the road and Ruxton Creek, and the Ute Iron Spring on 

the north side of both. 

 Luiszer (1997, appendix) identified the Ouray Spring during his 1987 field work as 

“across the creek from the steam engine that is on display in the lower, cog railway parking 

lot.  The spring is under a sealed cement cistern on the east bank of Ruxton Creek.  The water 

flows from a very corroded iron pipe into the creek.  Several hundred kilograms of gravel, 

rocks and debris had to be removed so that the spring could be sampled.  The spring was 

sampled from the pipe.  This spring also has associated thick iron-oxide deposits.” 

 A “spot in streambed with iron oxide deposits, discharging water” (see Fig. 32), at the 

location shown on Figures 1 and 2, was tentatively identified as the Ouray Spring and sampled 

on November 5, 2009  (see Table A1).  Specific conductance was measured at 2,047 μS/cm at 

a temperature of 9.6°C, equivalent to 2,888 μS/cm at 25°C.  It was not possible to measure the 

flow.   

 Big Chief Spring, Chief Spring (1):  This spring is probably the one referred to by 

Luna (1971, p. 1), and by Luiszer (1997) as the Big Indian Spring (see below for their 

descriptions), and Luna (p. 5) presents a photo of a pipe rising from the bottom of Ruxton 

Creek that is identified in this report with Big Chief Spring.  George et al. (1920) do not 

mention a spring at this site.  Luna also refers to a Big Chief Spring (1971, p. 1), but his brief 

mention suggests that it is the Little Chief Spring as described by other workers (see below). 

 At the location shown on Figures 1 and 2, a 12-in. inside diameter (ID) iron pipe, about 

2.3 ft of it visible above the bottom of Ruxton Creek, was found on November 5, 2009 (see 

Fig. 33).  This accords reasonably well with Luiszer’s description and matches Luna’s photo.   
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The water level in the pipe was about 1.45 ft below the top of the pipe, or about 0.85 ft above 

the creek bottom.  Carbon dioxide (presumably; it was not sampled.) was found bubbling from 

the streambed at about twelve spots near the pipe and water was seen trickling from rocks just 

above the streambed next to the pipe.  The specific conductance of the water in the pipe was 

measured at 1,761 μS/cm at a temperature of 7.9°C, equivalent to 2,615 μS/cm at 25°C, 

whereas the conductance of Ruxton Creek water just upstream was 58 μS/cm.  It was not 

possible to measure the rather diffuse flow into the creek.  

 Ute Iron Spring (2):  Mineral Springs Foundation files give the address as 444 Ruxton 

Avenue, and indicate that it is a natural spring, located under the Iron Spring Chateau, 

mentioning that at some time it had been covered by a gazebo, and was associated with a 

bottling plant (Figs. 1 and 2).  There are, or have been, both a natural spring and a well or 

wells at the site.  Loew sampled the Ute Iron Spring in 1874 (Wheeler, 1875), before any 

drilling occurred.  Photographic documentation shows the spring in a natural state throughout 

the 1870s.  Strieby (1894) provides a water analysis dated 1891, but no other information 

about the spring.  

 Later drilling is described in a Manitou Springs Journal article of January 21, 1910, 

under the headline “Heavy Flow of Iron Water.”  “The old Ute iron spring in the pavilion was 

one of the first opened in Manitou, but the heavy drain on it during the years past had almost 

exhausted the supply. The drill was sent down in the old spring, when a heavy flow of the rich 

iron water was struck.  There is also a strong pressure of carbonic acid gas in the hole.  When 

the drill reached a depth of about 80 feet the tools became fastened, and in an endeavor to 

extricate them the rope separated near the stem…Nothwithstanding the fact that the drill, stem 

and fishing tools are in the well, it continues to flow at a rapid rate.”  A sub-headline above the 

same article, “Tools Fastened in Hole and Another Well May be Drilled,” suggests that the rig 

may have been moved to drill a second well, either very close to the first, or perhaps at the 

Iron Spring Geyser, which was also drilled in 1910.   A Manitou Springs Journal story of 

March 11, 1910 reports that “[t]he drilling outfit, which…was taken to Fountain about a month 

ago [late January or early February], was returned to Manitou Tuesday and was put to work on 

the second well for J.G. Hiestand…being drilled on Ruxton Avenue about 200 feet above the 

iron bridge.”  This would be the Iron Geyser.  
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George et al. (1920, pp. 105, 353) describe the Ute Iron Spring (in 1911 or early 1912) 

as “[d]rilled to 400 ft.  Flows from small pipe in pavilion,” and give a water analysis, and a 

flow rate at the time of their visit as 1-1/2 gpm.  They also describe the Iron Geyser, and give 

the location of the Iron Geyser as “300 ft down creek from No. 117,” which is the Ute Iron 

Spring.  This description would not be consistent with the relative locations of the present-day 

Iron Geyser and the Chateau, which are roughly 900 ft apart.  However, George et al. use both 

feet and yards in their descriptions, and it may be that “ft” is a misprint, and that “300 yards” 

was actually intended.  If tools were lost in the first well at 80 ft, and that well had been either 

abandoned, or, more likely, allowed to continue flowing at the spot of the natural spring, 

George’s description would presumably describe a second well, to 400 ft, at the Ute Iron 

Spring site, also drilled in 1910.  

The first pavilion at the spring on the bank of Ruxton Creek was constructed in the 

early 1870s by a Dr. Strickler.  He also built the nearby Iron Springs Hotel.  An undated photo 

in Cunningham (1998, p. 31) shows the Ute Iron Spring pavilion, clearly identified by signs 

painted on the building, and some architectural details appear to correspond with those of the 

present-day Iron Spring Chateau.  Cunningham also indicates that a summer house was built 

over the spring in 1880, and that this building was replaced “by a more enclosed pavilion that 

evolved into a modern chateau.”  Both of these structures were built by J.G. Hiestand, who 

bought the property in about 1880.   

Daniels and McConnell (1964, 1973 reprint, p. 37) say that the Iron Geyser was “the 

only iron water well,” but this seems likely to be in error.  Figure 34 shows the Ute Iron Spring 

in an early pavilion, and Figure 35 shows the Heistand building, built over the spring and 

presumably the 1910 well, the predecessor of today’s Chateau building.  

The differences between Loew’s water analysis of 1874, and those of George et al. 

from 1911 or 1912, and Shedd, from 1913, (see Table A1) do not appear significant, although 

the above interpretation suggests that both a natural spring and a well have existed at the site, 

the earlier analysis from the natural spring, and the later ones from the well. 
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Luna (1971, p.1) indicates that the Iron Spring Chateau (or the sign which reads “Iron 

Spring Chateau;” it is not clear which is meant) is “the exact site of Iron Springs,” and states 

that it has been capped.  Luiszer (1997) does not mention the Ute Iron Spring, and it was not 

visited during the present study. 

Dr. Creighton’s notes (1951) have “…wells at or near the Iron Springs were tapped at 

approximately 400 feet: their temperature about 44 F.  Several wells have been opened to the 

west and east of the Iron Spring…”  Whether this statement refers to wells other than those 

described above is not known. 

Little Chief Spring (1):  George et al. (1920, pp. 106, 367) give the location as “in 

yard of cog railroad about 200 yards up creek from No. 117 [the Ute Iron Spring, or present-

day Chateau], about 40 yds. S.W. of cog road depot.”  They provide some chemical-analysis 

data, but no estimate of flow rate.  There is no indication whether the spring is natural, or a 

drilled well, but descriptions by other workers indicate diffuse groundwater discharge into 

alluvium, weathered bedrock, and fill, which is today not permitted to reach the surface 

naturally but is collected and delivered to Ruxton Creek by a drain system.  

Luna (1971, p. 1) describes “Big Chief Springs” as “…down into the [cog railway] 

yard, between the two train garages and the tracks…three iron lids,” but this seems to match 

the Little Chief Spring of other workers, and the identification as Big Chief may be a misprint.  

Indeed, later in Luna’s report (p. 10) are two photos labeled “Little Chief Spring,” the caption 

of one of which mentions “…three iron lids in the cog railroad yard which contain the spring,” 

and points out that “[t]hey are drained to Ruxton Creek through the pipe in the picture.”   

Luna’s second photo labeled Little Chief Spring is of a small pavilion, and Luna’s 

caption reads: “Crosby Collection taken 7-23-1875, Pioneer Museum.”  Harrison believes that 

this is actually the first Ute Iron Spring pavilion, and that the Little Chief pavilion was 

probably constructed by the Iron Spring Hotel company around 1884, as there is a photo of the 

early hotel and pavilion together (Harrison, 2003, p. 80). 
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“The Little Chief saturates the area and the train and track sink if a good drainage is not 

provided,” according to Luna. If the identification as Little Chief is correct, then the spring must 

have had a fairly well-defined discharge point at the surface prior to grading and construction of 

the cog railway which began in 1889 (Harrison, 2003, p. 73).  The proposition that the Little 

Chief was more important in the early days than its current status as little more than a minor 

drainage problem is supported by the fact that it was one of the six springs visited and sampled by 

Professor Loew in 1874 (Cunningham, 1998, p. 41).  Harrison (2003, p. 41) gives an undated 

photo of a much larger and more elaborate pavilion at the Little Chief (see Fig. 36), and although 

she refers to it as “the most distant” from Manitou Springs of the springs in Ruxton Canyon, its 

situation is clearly not that of the somewhat further upstream Big Chief Spring.  The development 

of the Big Chief, consisting of a pipe sunk into the creek bed, may have occurred later. 

Daniels and McConnell (1964, 1973 reprint, p. 36) mention the Little Chief Spring in 

passing, saying “[o]n up the creek [from the Chateau] was the Little Chief, which flowed into 

the creek across from the Cog Depot.”  Luiszer (1997, appendix) may have considered the 

Little Chief as part of the group of springs that he described as the Big Indian Spring (see 

above and below).  

When visited on November 5, 2009, the spring was found to be an area apparently 

served by French drains, with horizontal perforated PVC lines between the cog-railway tracks.  

Samples were taken at the outlet of the French drain system, a 4-in. ID, PVC pipe, above the 

creek level.  See Figures 1 and 2 for the location.  Some of the seeps and ditch system in the 

cog railway yards, now associated with the Little Chief Spring, are shown in Figure 37.  The 

specific conductance of the discharge was 495 μS/cm at a temperature of 8.2°C, equivalent to 

720 μS/cm at 25°C.  The flow was estimated at about 5 gpm, much of it presumably shallow 

groundwater flow from the surrounding slopes, in the soil and weathered granite.  

Big Indian Spring (1):  This name has been applied by various workers to two springs 

in distinctly different locations.  In the present report, the name Big Indian Spring will refer to 

a spring at the northeastern end of the Ruxton Canyon group as described by Harrison, and by 

Daniels and McConnell, described in Part (a) below, primarily because no other name for that 

spring was found in the literature.  The name Big Chief Spring will be reserved for the spring 

at the south end of the Ruxton Canyon group (see above), because it is the name used by the 

Mineral Springs Foundation.  Both are shown on Figures 1 and 2.  
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(a) Harrison (2003, p. 41) applies the name to “the first iron spring on the stroll up 

Ruxton,” presumably referring to a spring at the downstream end of the Ruxton Canyon group, 

and she gives a photo of the very distinctive Indian Head Rock which she indicates is next to 

the spring (Fig. 38).  Daniels and McConnell (1964, 1973 reprint, p. 37) mention that “the 

fourth spring [in Ruxton Canyon] was down the canyon, under the old railroad trestle.  This 

spring was called the Big Indian.  It was piped into a round cement basin and boasted twelve 

different flows all coming from the same spring.  Windy Jones built a small photo shop there, 

but it was rather abruptly destroyed when a derailed freight car fell onto the building from the 

trestle.”  Daniels and McConnell also mention the Iron Geyser, and locate it on the south side 

of Ruxton Avenue just beyond the old trestle.   

Indian Head Rock is still in place, and the abandoned railroad grade is shown on the 

topographic map, and concrete footings for the trestle still exist.  The references to Indian Head 

Rock, and a railroad trestle (and to a derailed freight car, which would not have been related to 

the cog railway) indicate that the Big Indian Spring was 200 to 300 ft downstream (northeast) 

from the Iron Geyser, at the point where the Colorado Midland Railroad track crossed Ruxton 

Creek.  Harrison (2003, p. 67) provides striking photos of the trestle and the trainwreck.   

A careful field check of the reach of Ruxton Creek above and below Indian Head Rock, 

on May 29, 2010, revealed no evidence of a spring.  

(b) Luna (1971, p. 1) places the Big Indian Spring as “gurgling up into an iron 

container in Ruxton Creek” behind the upstream part of the cog railway yards, and thus at the 

opposite end of the group of “iron” springs in Ruxton Canyon.  Luiszer (1997, appendix) 

sampled a “Big Indian Spring,” described as “100 m southwest of the cog railway bridge.  The 

spring consists of a group of springs.  The main flow issues from a steel standpipe (25 cm [9.8 

in.] in diameter by 80 cm [ 31.5 in.] high) in Ruxton Creek with lesser flows from a large seep 

next to the pipe and from several nearby small seeps.”  Luna and Luiszer’s descriptions 

probably refer to what is known to the Mineral Springs Foundation, and is referred to in this 

report, as the Big Chief Spring (see above).  

 Castle Spring (1?):  Deborah Harrison reports an item in the history card file of the 

Manitou Springs Historic Preservation Commission that describes a spring at “9 Capital Hill 

Ave., under east end of Miramont.”  This possible spring is included with the Iron Springs 

group only because of its location near Ruxton Creek.  It was not visited during the course of 

this study, and no technical information was found.  Harrison suggests the purported spring 

may be the appearance of very shallow runoff infiltration in the basement of the building.  A 

tentative location is shown on Figures 1 and 2.  
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Western Springs 

 The number of springs and wells in the western group is an interesting question.  

Cunningham (1980; 1998 revision p. 40) speaks of “twelve natural and drilled soda springs as 

well as a drilled gusher,” a total of 13, and tells her readers that “eight of the twelve were 

highly developed, while four producers were dormant, to be used if needed.  Of the natural 

springs, the Hiawatha, the Magnetic, and the Ute Chief were the most well-known, and the Ute 

Chief Gusher was a tourist attraction…”  She gives no further information about the other 

wells and springs.  It appears from other information, cited below, that only the Ute Chief, and 

possibly the Magnetic and Hiawatha, actually began as natural springs.  Other authors suggest 

that there were six western springs (Luna, 1971, map), five (George et al., 1920), or only two 

(Daniels and McConnell, 1973, p. 37 and p. 48).  A total of eleven possible wells and springs, 

and what may be one additional discharge point in the basement of a residence, are described 

below, but others may have existed. 

 Strieby (1894, p.17) refers to the western group as the “Hiawatha group,” and relates 

that “[i]t is said by old residents that the largest spring was not many years ago found at this 

place, but that it was deeply covered and quite obliterated by deposits of gravel brought down 

the Pass during a severe freshet,” but does not name the springs or give their number.  He does 

refer to “Hiawatha” and “Hiawatha No. 2,” but it is not known which of these is the present-

day Hiawatha, and which of the other springs is his Hiawatha No. 2. 

 Ute Chief Spring, Mammoth Spring, Winona Spring, Hiawatha Spring? (1):  The 

Ute Chief Spring, at 1312 Manitou Avenue (see Figs. 1 and 2) may have been the only natural 

point of discharge from the aquifer among the western group, although this is in doubt.  It rises 

in a cistern in the basement of a small building, now unoccupied, formerly a curio shop 

(Fig. 39), and the font is outside the building (Fig. 40).  It is thought by the Mineral Springs 

Foundation that the spring was developed at some time by a shallow excavation and 

installation of the cistern.  George et al. (1920, p. 106) report the location as “between road 

and creek on west side of creek,” which, if incomplete, is not inconsistent with the current 

identification of the spring.  George et al. (1920) present a 1911 or 1912 water analysis (see 

Table A1).  The item “rate of flow” is left blank in George’s table (at p. 357).  Shedd (1913) 

presents a water analysis for the “Hiawatha Spring” (Table A1) which appears inconsistent 

with the other two analyses available, and may represent the Ute Chief.  CDWR records do not 

include any reference to the Ute Chief Spring.   
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 Daniels and McConnell (1964, reprinted 1973, p. 36) mention the Ute Chief as “the only 

natural spring in its vicinity,” and mention other names by which it may have been known 

(Pawnee, Ute, Minnehaha, Ute Chief Manitou, Ute Soda, or Chief), and also suggest that it may 

have been known as the Ute Chief Magnetic, and attribute the reported magnetic properties to it.  

They do not show the Magnetic Spring on their map (p. 48), and may simply have conflated the 

descriptions of the two springs.  Luna (1971, p. 3)  mentions the “Ute Indian which is in front of 

a curio shop,” and appears to show the “Ute Chief” between Manitou Avenue and Fountain 

Creek opposite the Ute Chief Gusher on his rather confusing map.  

 Cunningham (1980; 1998 revision, p. 41) gives a water analysis from 1874 (Wheeler, 

1875) for the “Minnehaha” or “Ute Soda” Spring, which may well represent the Ute Chief 

Spring.  It is included in Table A1 as a Ute Chief analysis.  Luiszer sampled the Ute Chief 

Spring from the font, and gives the flow rate as 6.7 L/min (1.8 gpm) but does not describe the 

spring itself, and does not distinguish between natural flow and water pumped from the cistern.   

 Harrison’s (2003, p. 40) caption for a photograph of an octagonal, open pavilion over a 

spring suggests that the spring may have been called “Hiawatha” and that, “…by the 1890s 

Jacob Schueler had purchased the property and decided on ‘Ute Chief.’”  The spring beneath 

the pavilion cannot be the spring that is now known as Ute Chief, however, because it would 

be on the wrong side of Fountain Creek.  Further examination of the original photo indicates 

that the spring is the one now identified as the Hiawatha. 

 Ute Chief Spring currently belongs to MSMW LLC.  The spring itself is not accessible 

to the public, but the font is accessible.  Discharge from the spring is piped to Fountain Creek.   

 When the Ute Chief Spring was visited on November 6, 2009, no water was being 

pumped from the cistern and there appeared to be no natural flow.  The field notes have 

“cistern holds H2O that has been stagnant for about 1 day or less (font is usually running, 

pumping from cistern, but it was turned off <24 hrs ago).”  A sample was taken (see 

Table A1).  Specific conductance was 1,305 μS/cm (1,691 μS/cm at 25°C) and the actual 

temperature was 12.9°C (55.2°F).  The combined flows at the font (3 gpm) and at the overflow 

to Fountain Creek (5 gpm) were about 8 gpm when measured on March 25, 2010, but based on 

the conditions of  the November 6, 2009 visit, this flow appears to consist entirely of water 

pumped from the cistern, which is, in effect, a shallow well. 



JSAI  70 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 

 

 Ute Chief Gusher, New Geyser, Winona Spring, Mammoth Spring (3?):  The Ute 

Chief Gusher is the name applied to (at least) two wells at 1313 Manitou Avenue (see Figs. 1 

and 2).  A 1913 newspaper article (see below) suggests that there may have been either a natural 

spring, a still-earlier well, or both, at the site. 

 The original well, CDWR Well 24415-F, is mentioned briefly in the 1979 replacement-

well application to the CDWR as having been “…drilled in 1890s,”  with water first put to 

beneficial use on January 6, 1914.”  The original drilling date may be incorrect, as will be 

discussed below.  The total depth of that well is given as 300 ft, and the pumping rate claimed 

is 45 gpm, but there are no other details.  The average annual amount of water to be diverted is 

given as “unk,” or unknown.  CDWR files show the “net rate” as 0.1 ac-ft/yr.  George et al. 

(1920, p. 106) refer to the “New Geyser” as being “across road from Ute Chief, 20 yds. 

distant,” but give no other information about the well itself, and it may not have existed at the 

time of their field work in 1911 or early 1912.  Presumably this was the original Ute Chief 

Gusher, which would not have been in service if the first beneficial use was in 1914.  George 

et al. do give values for radioactivity, but no other analyses, and no information as to flow rate.  

The sampling for radioactivity was actually done in 1914 by O.C. Lester, and Herman 

Schlundt of the University of Missouri, well after the George visit. 

 The Manitou Springs Journal for October 17, 1913, has “Mr. Staffa, who is drilling the 

Mansions well, has a second outfit working on the Ute Chief property in Ute Pass.  This 

property has an excellent spring across the street from their bottling plant and they have 

decided to drill in the spring, expecting to encounter a greater flow of carbonic acid gas.”  If 

the word “spring” is taken in its conventional sense, as a natural flow at the surface rather than 

a well, then this article describes the original Ute Chief Gusher, drilled at the site of a natural 

spring.  It may also be that the “spring” referred to is actually an earlier well, as implied by the 

statement in the CDWR record.  

 A newspaper clipping, Manitou Springs Journal, January 9, 1914, has this description, 

which presumably applies to the completion of the 1914 well. 
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What is believed to be the greatest flow of soda water and undoubtedly the 
strongest flow of carbonic acid gas, was opened up by the Ute Chief Mineral 
Water company Tuesday about noon.  This company was desirous of 
obtaining a greater flow of gas to be used in bottling the Manitou water at its 
plant and started a drill on its property in Ute Pass just across the street from 
the bottling works.  The drill was sent down a little over 300 feet, and just 
before the drillers stopped work Tuesday at noon, there was suddenly a great 
roar heard in the casing, and almost instantly gas and soda water spouted 
from the well.  The flow increased until it was almost impossible to control 
it.  The roar of the gas could be heard a block away as it sent the water high 
above the 5-inch casing.  After much difficulty the well was capped and 
more casing added.  Arrangements were made to take care of the heavy flow 
of water, and it is at the present time flowing into the creek.  Up to this time 
the gas in the well continues as strong as when it was first opened up. 

 A Manitou Springs Journal article that can be dated to 1914, under the headline “New 

Ute Chief Spring a Wonder,” describes the gusher as having been “recently opened up,” and 

states that “[t]he Schuelers have not yet decided to what use they will put the new spring.  It 

was drilled for the purpose of obtaining a stronger flow of gas for the bottling of their mineral 

waters, but to pipe this gas and water to the plant across the street, would seem like destroying 

one of the greatest attractions in Manitou today.” 

  These articles, and the supporting fact that George et al. give no information other than 

the 1914 radioactivity analysis, indicate that the original Ute Chief Gusher was drilled in late 

1913 and early January 1914. 

 An early but undated photograph (Cunningham, 1998, p. 40) shows the Ute Chief Gusher 

flowing “…over 800 gallons soda water per minute,” the column of water and gas reaching a 

height of over 48 ft.  The caption on the photo itself identifies the source as “Ute Chief-Manitou 

natural carbonic acid gas spring.”  The water appears to be flowing from open well casing, and no 

structures are visible in the photo.  A later but undated photo (Cunningham, 1998, p. 58) shows 

the “cement bottle…placed over the Ute Chief gusher with the water erupting over the top.”  This 

photo is almost identical to an undated picture in Luna’s booklet (1971, p. 19); in both, the 

appearance of the spraying water is much different from that in the earlier, “pre-bottle” 

Cunningham picture, and it may represent a retouching for greater dramatic effect.  Harrison 

(2003) provides a photo of the cement bottle (Fig. 41), evidently a less-cropped version of the 

same picture found in Luna’s booklet, with the rather suspect image of the spraying water, and 

with the caption on the photo “flow 800 gallons of Manitou Soda Water per minute…” 
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 Daniels and McConnell (1964, 1973 reprint, p. 36) describe the Ute Chief Spring and 

“the familiar pump,” which may be either the Little Spring or the Hiawatha, discussed below, 

and show both on their map (p. 48), but do not refer to the Ute Chief Gusher at all.  Luna 

(1971, p. 3) describes a “…stone structure.  You wouldn’t believe that this Ute Gusher was 

quite majestic in its day.  The spring is capped but the pressure is so great that some of the 

water is piped across the street into the creek.”  A photo of the stone structure is given by Luna 

(p. 19).  Luna also describes “…a round cement and rock spring which is the let-off valve of 

the Ute Gusher,” about 50 ft down (presumably downstream, or south, of the Ute Indian [the 

Ute Chief Spring]) and in Fountain Creek.  A photograph (Luna, p.21) of the “Ute Gusher 

Spring valve” depicts a rough, round stone and concrete structure a few feet high and perhaps 

2 to 3 ft in diameter, rising from the bottom of Fountain Creek adjacent to the rock wall 

forming the channel, and at the foot of a set of steps.  It would appear that the Ute Chief 

Gusher itself was no longer considered important, and may not have been visible at all, in 

1964 or in 1971 before a replacement well was drilled in 1979.  No water analysis was found 

for the original Gusher.  

 The 1979 replacement well, under Permit No. 24415-F-R, was to be drilled 10 ft 

southwest of the original well.  The year 1979 was the fourth consecutive year of nearly zero 

runoff in Williams Canyon (see Fig. 42), and the yield of the original well may have declined 

significantly.  The new well was drilled to 300 ft, then plugged back to 252 ft.  The CDWR 

record of the well shows that it is an 8-in diameter borehole, open to the aquifer through 

perforations from 180 ft to 210 ft, then open hole from 210 to 252 ft.  Water was found in 

“fractured rock, sand and gravel” from 20 to 40 ft, behind uncemented casing, and the 

production is from “loose rock, two cavities” in the interval 245 to 252 ft.  The beds appear to 

be Leadville Limestone from 20 ft to 65 ft, Manitou Limestone to 205 ft, and Sawatch 

Sandstone and underlying weathered granite, or grüs, from 205 ft to the total drilled depth of 

300 ft.  The well log, and our stratigraphic interpretation, is shown as Table 5.  Although the 

Leadville and Manitou Limestones appear to be fractured, the major aquifer appears to be in 

the basal Sawatch or the weathered granite, at the bottom of the Manitou Limestone.  Twelve-

inch steel casing was set to 8 ft, then 8-5/8-in. steel casing was set to 48 ft, but is reported to be 

cemented only to 20 ft.  Steel 6-5/8-in. casing was set to 121 ft, and a 4-1/2-in. fiberglass liner 

was set to 210 ft.   
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Figure 42.  Hydrograph showing Williams Canyon annual basin yield, 1946-2009, ac-ft, and 5-year running average. 
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Table 5.  Log and stratigraphic interpretation, Ute Chief Gusher replacement well 
(Log from Colorado Division of Water Resources file, Permit No. 24415-F) 

 

from to type and color of material 
water 

location 
stratigraphic unit 

(this report) 

0 10 earth and large boulders  

10 20 clay and boulders  
alluvium 

20 40 fractured rock, sand and gravel 20/40 

40 65 limestone (hard)  

Leadville Limestone  
Williams Canyon Formation 

65 75 limestone (fractured)  

75 100 red sandy shale, clay  

100 115 hard rock  

115 125 white and red shale  

125 205 soft red sand & mud  

Manitou Limestone 

205 225 red sandstone (firm)  

225 245 red sandstone (firm)  
Sawatch Sandstone 

245 252 loose rock, two cavities 252 

252 300 brown shale (dry)  
weathered granite (grüs) 

 

 The Ute Chief Gusher replacement well was tested on November 20, 1979 by airlift 

pumping for 12 hours at 100 gpm.  The water level prior to the test was 7.5 ft, and the final 

pumping water level was 70 ft, leading to an apparent specific capacity of 1.6 gpm per foot of 

drawdown, which, in the case of a fully confined aquifer and a perfectly efficient well, would 

be consistent with a transmissivity of 3,200 gpd/ft2 (430 ft2/day) or somewhat more, depending 

on the assumed storage coefficient, and the degree to which flow is radially toward the well.  

Efficiency of the open-hole completion is likely to be high.   

 It seems probable that some leakage into formations above the producing interval, thence 

into Fountain Creek, is occurring.  Although the 8-5/8-in. casing is set in 11-in hole, on a shoulder 

at 48 ft, the casing is cemented only to 20 ft and the beds at the casing seat are described as hard 

limestone, and may not provide a good seal.  This well is not reported as flowing, and the non-

pumping water level elevation is not much above the elevation of Fountain Creek.  

 State Engineer records show a water right under File No. W-4687.  The replacement-

well permit limits the pumping to 45 gpm, or 0.10 cfs (equivalent to 44.8 gpm), and the 

average annual amount of groundwater appropriated as 72 ac-ft/yr (approximately the same as 

a continuous rate of 44.6 gpm). 
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 Luiszer (1997, appendix) sampled the Ute Chief Gusher (replacement) on April 22, 

1987 (see Table A1) from the “10-cm plastic pipe into Fountain Creek,” that drains the 

Gusher.  He reports a specific conductance of 2.08 mS/cm (2,080 μS/cm at 25°C), and gives 

the rate of flow as 40 L/min (equivalent to 10.6 gpm).  Mayo and Muller sampled it in 1991 

(Table A1).  

 The Gusher was sampled on November 6, 2009 for the present study, from a spigot 

inside the bottling plant, and results are reported in Table A1.  Specific conductance was 1,590 

μS/cm at 14.6°C (1,984 μS/cm at 25°C).  The flow from “pipe no. 1,” a drain to Fountain 

Creek, was measured on March 25, 2010, at 2.5 gpm.  Two other pipes carry water from the 

well to the bottling plant, but were not measured.   

 The original Ute Chief Gusher well may never have been properly plugged and 

abandoned.  A hand-written note dated July 14, 1982, in CDWR files relating to Permit 

24415-RF, indicates that the new and old wells were visited on July 2, 1982, and that “[t]he 

new well is drilled and as near as I can tell the old well has not been plugged.  Virginia 

Drilling drilled well–Nov. 1979.”  No other mention of the wells was found in the files. 

 The land surface elevation at the Ute Chief Gusher is 6,415 ft, about the same as the 

elevation of the base of the Fountain Formation, assumed to be the confining unit above the 

Manitou Springs aquifer, a few hundred feet upstream along Fountain Creek. 

 Water from the Ute Chief Gusher is piped to the bottling plant, across Manitou Avenue 

and Fountain Creek, and some water drains to Fountain Creek.  It appears from Luna’s 

description that some water from the earlier well that existed at the time was directed to the 

“let-off valve” in the creek bottom, which functioned as a spring, accessible to the public.  The 

well belongs to O. Yoon Kwan. 

 The operator of the bottling plant reported in December 2010 that the TDS content of 

water from the Ute Chief Gusher had changed from about 1,500 mg/L before the Creighton 

Well was shut in (in September 2010), to about 1,800 mg/L, and the Mineral Springs 

Foundation has received reports that the taste of the water had changed.  

Magnetic Spring, Ute Chief Magnetic Spring (2?):  This spring is at 1310 Manitou 

Avenue, and rises in what is thought to be a wellhead, now in an alcove under the bottling 

plant building on the east side of Fountain Creek, on the side nearest the creek, and visible 

through a gated opening in the wall of the building (see Figs. 1, 2, and 43).  George et al. 

(1920, p. 106) place the Ute Chief Magnetic Spring as “on east side of creek about 75 ft from 

bottling works,” but the bottling works referred to is not the same as the present-day building, 

reportedly built in 1945.  The Magnetic Spring is one of a reported “twelve natural and drilled 
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soda springs as well as a drilled gusher [the Ute Chief Gusher]” at the western end of Manitou 

Avenue, and owned at one time by the Ute Chief Mineral Water Company (Cunningham, 

1998, p. 40).  George et al. give the rate of flow as 2-1/2 gpm, and present a 1911 or 1912 

water analysis (see Table A1). 

The Magnetic Spring is shown in the Mineral Springs Foundation’s information as a 

“drilled spring.”  Cunningham describes the Magnetic Spring as a natural spring, but this 

seems unlikely for the time of her writing, although there may originally have been a natural 

spring at the site.  Cunningham and Luna (1971, p. 20) each give a photo showing a pavilion 

typical of the natural springs, with a sign identifying the “Ute Chief Magnetic Spring.”  A 

Manitou Springs Journal article tentatively dated to 1905, under the headline “Magnetic Bath 

House to be Built,” has “[i]t will be remembered that last spring while drilling a well at the 

bottling works a highly magnetized formation was encountered about 160 feet below the 

surface.  The casing of the well at the top of the ground soon became magnetized and the water 

which flows from the well is also highly charged.  The water is similar to that of the soda 

springs in Manitou and there is a strong flow of carbonic gas.” 

Information as to the well’s construction can be found in the Late Registration under 

CDWR Permit No. 29347-F, filed in 1985 by J. Richard Sajbel and Manitou Corporation, 

which gives the total depth of the well as 160 ft, and the date when water was first applied to 

beneficial use as April 30, 1908.  The water right claimed is an average annual amount to be 

diverted of 0.022 ac-ft/yr, and a pumping rate of 10 gpm.  

Luna (1971, p. 4) describes its position as “…to the right [that is, southeast of the 

bottling plant building] and down the steps is the Magnetic Spring…,” but this description seems 

to be conflated with his description of the “recently excavated stone spring—Hiawatha—which 

is capped,” and does not seem useful.  Luna gives two photographs of Magnetic Spring (p. 20), 

one of which shows the spring in its alcove in the bottling plant building, and the other, clearly 

earlier, shows it identified by a large sign in a small six-sided open pavilion as mentioned above.  

The second photo is the same as the photograph from Cunningham (Fig. 44).   

On April 27, 1987, Luiszer (1997, appendix) sampled the Magnetic Spring, which was 

flowing 1 L/min (about 0.25 gpm), and describes the spring as follows: 

The Ute Chief Magnetic spring is located in a small room under the bottling 
plant.  The spring issues into the bottom of a stainless steel basin that is 
about 1 m [3.3 ft] in diameter.  A cement basin surrounds the steel basin.  
This spring emits about 1 m3 [35 ft3] of CO2 every 90 minutes in a very 
impressive geyser-like eruption.   
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What is now thought to be the wellhead is beneath a grate, submerged at the time of 

JSAI’s visit on November 6, 2009, and water flows from it into a blue concrete cistern.  

Specific conductance was 2,468 μS/cm at 12.6°C (3,234 μS/cm at 25°C).  A sump pump 

beneath a grate in the floor of room pumps the overflow from the cistern to Fountain Creek.  

Magnetic Spring is still reported to “geyser” periodically.  There is no font, and the spring is 

not accessible to the public.  It is now owned by O. Yoon Kwan, but is not thought to be used 

by the bottling operation.  The spring has been thought to have magnetic properties, and was 

said to be “… capable of magnetizing steel held in the water for only short periods of time 

(Cunningham, 1998, p. 40).”  This proposition was not tested during the present study. 

Hiawatha Spring, Schueler Spring, Pump(?) (2?):  Hiawatha Spring is identified by 

the Mineral Springs Foundation as the stone-lined shallow pit at 1310 Manitou Avenue, just 

south of the present-day bottling plant and next to Fountain Creek (see Figs. 1, 2, and 45).  

CDWR records show no well permit and no water right for the Hiawatha Spring.  Evidence 

summarized below indicates that it is in fact a well, drilled at some time before mid-1911.  The 

alternate name “Pump” suggests that the Hiawatha may never have flowed more than some 

unusable amounts.  Figure 46 shows the Hiawatha, beneath a pavilion in the grounds of the 

Manitou Sanitarium.  The building was built in 1887, and was destroyed by fire in 1895 

(Harrison, p. 85).  If the Hiawatha was a drilled well, and not at the site of a natural spring that 

was simply developed further by drilling, then it may have been the earliest of the attempts to 

create a new “spring” by drilling, in or before 1887.  Strieby (1894) states that “[t]he Hiawatha 

spring is covered with an iron cap, cemented to the curbing…,” but there is no certain 

identification of Strieby’s Hiawatha or Hiawatha No. 2 with any of the existing springs or 

wells.  A water analysis given by Shedd (1913) appears more consistent with analyses for the 

Ute Chief, and it may be that the Ute Chief was earlier known as the Hiawatha.  Hiawatha 

Spring is not the same as a 1919 or 1920 well reported at Hiawatha Gardens (see above). 

 It is reasonable to suppose, however, that the Hiawatha began as a natural spring, very 

close to, or rising beneath, Fountain Creek.  Under this interpretation, when the retaining wall 

was built on the northeast bank of the creek, and the grading took place to raise the land 

surface to its present level, presumably for the construction of the Manitou Sanitarium in 1887, 

the walled enclosure around the spring was built to preserve the spring.  Whether the drilling 

was done at that time or later is another question, but it would seem logical that it occurred 

before the retaining wall and the walled basin were built.  A temporary drilling floor of heavy 

timbers was often constructed for a cable-tool rig, and such a floor could have been built over  
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the basin to allow drilling directly into the spring, but it would have been much more 

convenient to drill the well a little distance away, and farther from Fountain Creek, if the basin 

had already been built.  Assuming all of this occurred in or before 1887, the Hiawatha may be 

the first of the projects to develop a spring by drilling.  The similarity of water quality as given 

by George et al., (1920, p. 355), with the analyses of 2010 (Table A1), suggests that the 

drilling had taken place by the time of George’s visit in 1911 or early 1912. 

 The Foundation’s information describes Hiawatha Spring as “a drilled spring and 

inaccessible and inactive now, though it once gushed enough to fill the large basin in the 

ground.”  George et al. (1920, p. 106) give the location as “about 20 ft S. of Ute Magnetic,” 

which accords with the identification by the Foundation.  They indicate “no flow” at the time 

of their visit in 1911 or early 1912 (p. 355) but give a chemical analysis (see Table A1).  

Daniels and McConnell (1964; 1973 printing, p. 37) have “[t]he nearby Pump (or Schueler 

Spring or Hiawatha) is the most popular of the mineral wells used today.  This water was 

bottled for a short time by a Denver man who failed to sterilize his bottles properly.  When the 

state forced him to close down, he sold to Schueler.”  Although Daniels and McConnell 

identify the Pump Spring with the Hiawatha or Schueler Spring, which according to other 

sources is the pit on the east bank of Fountain Creek just downstream from the bottling plant, 

and thus is south of the Ute Chief Spring, these authors show The Pump on their reference 

map (pp. 48, 49) as lying north of the Ute Chief just south of the bridge over Fountain Creek, 

which raises a question of confusion with Little Spring (see below).   

Luna’s (1971, p. 4) rather confusing description implies that the Hiawatha is a 

“recently excavated stone spring…which is capped.”  Cunningham (1998, p.40) describes it as 

a natural spring, and as one of the three most well-known of the group of twelve at the western 

end of Manitou Avenue. 

Luiszer’s (1997, appendix) description of Hiawatha Spring at the time of his visit in 

1987 is as follows: 

The Hiawatha Spring, which is located in [a] two-meter [6.6 ft] deep pit just 
south of the bottling plant, was only tested from [for?] conductivity.  The 
conductivity was only a little greater than Fountain Creek, which is about 5 
m [16 ft] west of the pit.  The spring appears to be nothing more than 
ground water with a little mineral mixed in.  This spring was not sampled 
because of possible ground water dilution and because the spring was 
stagnant and very polluted with algae, trash, and other unidentifiable 
objects.  Soon after inspecting the Hiawatha Spring a wooden platform was 
placed over the pit that contains the spring. 
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At the time of a visit by one of the authors (Shomaker) on October 21, 2009, the 

wooden platform was gone.  There was no visible discharge, and the water level in the pit or 

cistern was very similar to that of Fountain Creek.  During a visit by McCoy on November 6, 

2009, in the company of the manager of the bottling plant, Simon Jahon, Mr. Jahon noted that 

the company had cleaned out the Hiawatha cistern and had seen a wellhead but did not disturb 

it.  It may be that water does discharge to Fountain Creek through the alluvium beneath the pit, 

and that significant mixing occurs.  A specific conductance measurement on February 2, 2010 

indicated 542 μS/cm at 1.5°C (983 μS/cm at 25°C) which may be compared with a 

measurement of 174.2 μS/cm at 0.2°C (331 μS/cm at 25°C) in Fountain Creek on the 

preceding day.  A sample was taken, and the analysis is shown in Table A1.  It would appear 

that there is some contribution of high-TDS water from the aquifer, but the chemistry of the 

Hiawatha water is dramatically different from that of any of the other western springs, in that 

the high-TDS water represents a relatively small component as compared with the Fountain 

Creek water component.  No information was found as to the depth of the well or the depth 

interval that contributes to the well, but the groundwater head represented by the water level in 

the basin has apparently always been relatively low (there was no flow when George visited in 

1911 or 1912), which would also be consistent with recharge from Fountain Creek not far 

upstream.  There is no font, and the spring is not accessible to the public.  It is now owned by 

Manitou Springs Mineral Water, Inc.   

Little Spring (1):  George et al. (1920, p. 106 and 358) describe Little Spring as “small 

spring ¼ mi. [1,320 ft] above [north of] Ute Chief,” and indicate that there was no flow at the 

time of their visit in 1911 or early 1912, but they do provide a water analysis (see Table A1).  

Luna (1971, p. 4) describes Little Spring as being one-half block up Manitou Avenue beyond 

(i.e., north of) the Ute Chief Spring, saying that it “…has been clogged and needs to be drilled 

again if any water is wanted.”  On Luna’s map, Little Spring is shown between Manitou 

Avenue and Fountain Creek, some distance upstream from the Ute Chief and Ute Chief 

Gusher, but the map has no scale and no land-net for reference.  Scaling the distance based on 

the actual distance between identifiable points on Luna’s map suggests that Little Spring is 

about 840 ft north-northwest from the Ute Chief Spring.  No information is given as to Little 

Spring’s characteristics or rate of flow.   
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Daniels and McConnell (1964, 1973 reprint, p. 48) do not mention Little Spring, but on 

their map show a “drilled spring” called The Pump, north or upstream from the Ute Chief, about 

half-way between the Ute Chief and the road crossing.  They offer Schueler Spring or Hiawatha 

as alternative names for The Pump, and describe it as “the most popular of the mineral wells 

used today [presumably about 1964].”  The location on their map suggests that it is the same as 

the Little Spring described by George et al., and by Luna, but the written description would place 

The Pump within the group near the Ute Chief.  Daniels and McConnell (at p. 37) mention the 

Gusher (under the names Winona or Mammoth) as being on the west side of the road, across 

from the Ute Chief, but show no other springs near the Ute Chief on their map.   

The George et al. water analysis (Table A1) indicates somewhat higher chloride 

concentration than for Magnetic or Ute Chief, suggesting a somewhat higher proportion of 

deep-source, high-TDS water.  If the conjectural location is correct, then the aquifer supplying 

Little Spring would be the lower part of the Manitou Limestone, or deeper. 

CDWR records show no well permit and no water right for Little Spring.  A field check 

on May 29, 2010, led to no definitive evidence, but remnants of a structure were found that may 

have been related to the Little Spring.  About 450 ft upstream (northwest) of the Ute Chief 

spring and on the southwest bank of Fountain Creek is an irregular fragment of a concrete slab, 

now about 4 ft by 6 ft, with a short length (a few inches) of 6-in. pipe through it.  A steel plate is 

in place over the stub of pipe, with a 5-1/8-in. hole aligned with the pipe (see Fig. 47).  The plate 

has four small holes at the corners that may have been screw holes.  Other fragments of similar 

concrete slab, partly buried, were present at the same spot.  The fragment of concrete slab with 

the short length of 6-in. pipe, and the plate over it with the somewhat smaller hole, would be 

consistent with a spring box or vault, with a hand pump installed over a hole in the slab that 

formed the cover.  The concrete slabs are clearly out of place, and appear to have been broken up 

and moved from their original positions, perhaps by flooding in Fountain Creek.  Farther 

upstream, about 1,020 ft from Ute Chief Spring, the end of a piece of 1-in. pipe and a broken 

piece of formed concrete with a reinforcing bar were found, embedded in tree roots.  It seems 

possible, but is by no means demonstrated, that this was the actual site of Little Spring.  On 

Figure 1, the conjectural position of Little Spring is shown at this spot, rather than at the 

“1/4 mile” (1,320-ft) distance above the Ute Chief Spring, given by George et al. (1927).  

 Creighton, Shady Del Well, Shady Dell Well (1):  This flowing well is located near the 

northeast corner of a building at 1202 Manitou Avenue, a few feet from the south side of the 

Fountain Creek channel (see Figs. 1, 2, and 48).  According to the Late Registration, Permit 

No. 29348-F, filed with the CDWR on August 30, 1985, the well is 225 ft deep, and  
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water was first applied to beneficial use on September 30, 1910.  The pumping rate claimed is 

60 gpm, and the average annual diversion claimed is 0.13 ac-ft (equivalent to a constant 

pumping rate of 0.08 gpm).  No information as to the log, casing, or perforations was found in 

the CDWR file.  The well now belongs to Tenzing LLC. 

George et al. (1920), who visited the nearby wells and springs in 1911 or early 1912, 

do not mention the Creighton well, which seems odd in that the well produces substantially 

more water now than any of the other discharge points in the vicinity.  Dr. Creighton’s notes 

(see below) indicate that the well was drilled as an oil-and-gas test, not a water well, but 

Manitou Springs Journal articles of late 1910 indicate otherwise.  On September 23, “[t]he 

parties drilling the well on the Creighton property on West Manitou Avenue are down about 

180 feet, and so far there is no indication of water of any kind save seepage water.  This 

venture is backed by a company of Colorado Springs and Denver capitalists, and they expect 

to drill to a depth of at least 700 feet, with the hope of striking hot water.”   

A September 9 article has “[a]t a depth of a little less than 200 feet, Contractor 

Marshall, working for the Pike’s Peak Development Company has struck a gusher of mineral 

water on the Creighton property…”  The water was reported to be similar to the water from the 

“public sulfur spring just east of the bottling works,” presumably the Hiawatha Spring, but 

“with scarcely any gas.”  On October 21, the Journal reported that “[d]rilling is still in 

progress,” and “the drill is down nearly 250 feet,” but that boulders had been encountered and 

were causing drilling difficulties.  By November 25, drilling was stopped, and an offset well “a 

few feet from the old one” was authorized.  Whether a second well was attempted is not 

known.  It is conceivable, but not likely, that the first well was plugged and abandoned and the 

current Creighton Well is the second.  

The Creighton well is roughly 600 ft south-southeast and downdip from the Ute Chief 

Gusher and at slightly lower elevation, but it is likely that the stratigraphic section penetrated 

is similar, with somewhat greater thickness of Leadville Limestone near the top and 

production from the Manitou Limestone or Sawatch Sandstone. 

Dr. Creighton’s notes indicate that the well was originally intended as an oil test, 

drilled by “Mr. Gwillim and associates of Colorado Springs (Creighton, 1951).”  The location 

may be on a small anticlinal fold, as discussed below in the section on geologic structure, but 

there is no structural closure and the entire stratigraphic section that would be penetrated by a 

well, down to Precambrian granite, is exposed in outcrop within 3,000 ft up-dip.  It is an 

unlikely place for a geologist to choose to drill for oil. 
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The same description by Creighton (1951) includes the comment that “they drilled 

through a number of big granite boulders, and at some 200 feet (more or less) encountered a 

mineral water flow of 100,000 gallons daily.”  That flow is equivalent to 69 gpm, roughly the 

same as the flow in recent times.  

None of the published descriptions by Daniels and McConnell (1964, 1973), Luna 

(1971), or Cunningham (1980, 1998) mention the Creighton Well. 

When the Creighton well was visited in late 2009 and early 2010, water flowed from 

an open tee at the top of what may be the well casing, and also, to a head about 2 ft higher, 

from what appeared to be a liner within the casing.  An attempt was made to measure the depth 

to the bottom of the liner, but a steel tape could be passed only to about 2.7 ft below ground 

level.  The flow from both openings was collected by a sump, which discharges through a pipe 

that passes through the stone wall of the channel at about the typical level of water in the 

creek, into Fountain Creek.  Luiszer (1997, table 3) sampled the well on September 17, 1987 

and measured the flow at 270 L/min (71 gpm).  The combined flow was estimated at 42 gpm 

on May 3, 2006, and at 60 gpm through a temporary in-line meter at creek level on June 28, 

2007, by Barnhart Pump, and at 0.40 cfs (178 gpm) on November 13, 2009 using a Pygmy 

meter in the small channel between the discharge and the creek at low flow, but this 

measurement appears anomalous and may be in error.   

Luiszer’s 1987 water sample is reported in Table A1.  The specific conductance was 

1.68 mS/cm (1,680 μS/cm at 25 °C).  The water was sampled on November 6, 2009, and the 

results are included in Table A1.  Field-measured temperature and specific conductance were 

12.5°C (54.5°F) and 1,250 μS/cm (1,640 μS/cm at 25 °C), somewhat cooler and slightly more 

dilute than water from the Ute Chief Gusher.  

The Creighton well flowed uncontrolled for a long time, and perhaps since it was 

originally drilled.  Dr. Creighton’s notes of 1951 include the following statement.  “Wide piping 

protrudes above the ground close to the creek, hence is little noticed, but enough water is being 

wasted every day to supply a swimming pool.  Until the flow can be utilized, this well should be 

capped.”  The CDWR, in a letter dated March 21, 2009, called attention to the legal requirement 

that the well be controlled.  On March 10, 2010, 4-in. steel casing was placed to 124 ft and 

cemented, and the well was shut in except for a small flow to prevent freezing.  By March 12, the 

pressure in the 4-in. pipe had increased to 10 psi (equivalent to 23 ft of water above the gauge, an 

elevation of about 6,362 ft), and there was no flow from the annulus.  On March 18, 2010, the 

well was shut in.  Soon after, concerns were raised as to the effects of shutting in the well, and it 

was again opened and allowed to flow.  The well was shut in again on September 15, 2010. 
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Garrison House Basement (1?):  Groundwater allegedly flows constantly into the 

basement of the house of Joanne Garrison at 1228 Manitou Avenue, just southeast of the 

present-day bottling plant (see Fig. 1).  This was reported by Simon Jahon, of the bottling 

plant.  The occurrence of water at shallow depth in the Fountain Creek alluvium would suggest 

that natural discharge from the aquifer is occurring in many places that would not be 

detectable unless a boring or excavation were made. It is also possible that the water in the 

Garrison house basement reaches the surface through the old Hiawatha Spring well (see 

above), the Garrison Well (see below), or the Creighton Well, and moves laterally in the 

alluvium.  This occurrence was not investigated, however, and it may be that the accounts are 

actually related to another well, described below, rather than to flow into the basement. 

Garrison Well (1?):  It has been reported that water applied to plantings around the 

Garrison house actually comes through a hose connected to what appears to be a wellhead, 

which may represent one of the many wells in this vicinity implied by the descriptions in the 

introductory paragraph of the Western Springs section of this report.  The specific 

conductance of the water delivered by the hose was measured at 1,100 μS/cm at 8.7°C (1,597 

μS/cm at 25°C) on February 2, 2010, and a sample was collected (see Table A1); at the time of 

sampling, it was believed that the hose was supplied by a sump pump in the basement of the 

house, and no well was sought.  It would appear from the chemical quality of the water that 

there is some contribution of high-TDS water from the aquifer.  The specific conductance of 

the water sampled at the Garrison house is very similar to that of water from the Creighton 

well (1,680 μS/cm at 25 °C).   

Other Wells and Springs 

McClurg, Briarhurst No. 1-D, Buffalo Bill, Blue Skies, or Thurston Well (1):  This 

well, on the grounds of the Blue Skies B&B at 402 Manitou Avenue (Figs. 1 and 2), is not a 

part of the Manitou Springs group of springs and wells, but the records of its construction and 

water quality provide important data relating to the Manitou aquifer.  The CDWR Permit 

Number is 14204 AD, although the record shows that the permit application was denied.  The 

information related to the well summarized here (Table A1), comes largely from Hershey 

(1979).  The well was drilled in late 1978, and penetrated 23 ft of water-bearing alluvial 

gravel, then 382 ft of very low-permeability Fountain Formation.  The underlying Glen Eyrie 

Member of the Fountain Formation was reached at 405 ft, and there is some indication of an 
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oil show at that depth.  The top of the Leadville Limestone was found at 465 ft, and the top of 

the Williams Canyon Formation at about 625 ft.  At 635 ft, in the Williams Canyon or at the 

top of the Manitou Limestone, the well began to flow at the surface.  The log of the well, with 

a stratigraphic interpretation by Hershey (1979), is shown as Table 6.   

 

Table 6.  Log and stratigraphic interpretation, McClurg Well, 
summarized from Hershey, 1979, pp. 31-35 

 

from to description stratigraphic 
interpretation 

0 23 alluvium, terrace gravels   

23 405 
sandstone, consolidated, arkosic, pink; 
conglomerate and sandy shale, pink.  Small seep of 
water.  Oil show? 

Fountain Formation 
above Glen Eyrie 

Member 

405 465 
sandstone, brown, limonite-stained, with 
intergranular pyrite in upper part; shale in lower part 

Fountain Formation, 
Glen Eyrie Member 

465 625 
limestone, yellowish gray, sandy, with limonite 
staining; may be brecciated.  May be rubble-filled 
cavity, 600-625.  Small quantities of water 

Leadville Limestone 

625 635 
limestone with interbedded shale and sandstone, 
strong flow of water at 635 

Williams Canyon 
Formation 

  

 

 Open flow, with a casing pressure of about 5 psi (11.5 ft above land surface), was about 

1,230 gpm during a 14-hour test; and shut-in pressure had been measured at 60 psi, or 138 ft of 

head (equivalent to an elevation of about 6,396 ft), before the test began.  No change in the flow 

rate was noted during the test.  The short-term specific capacity of the well would be calculated at 

9.7 gpm per foot of drawdown.  A value for the transmissivity of the aquifer of about 2,600 

ft2/day can be estimated from the specific capacity, assuming a storage coefficient in the 

confined-aquifer range, and radial flow toward the well throughout the thickness of the aquifer.  It 

also assumes 100-percent efficiency. None of these conditions is likely to be strictly applicable. 

The water was charged with carbon dioxide, and had a reported total dissolved solids 

(TDS) concentration of 4,840 mg/L (Hershey, 1979, p. 28; see Table A1).  The McClurg well 

was not visited by Luiszer (1997).  A later analysis (Mayo and Miller, 1997, table 1, in which 

the well is referred to as “Buffalo Bill”) gave a TDS of 5,445 mg/L, and at the time of that 

sampling, the well was reported as shut in.   
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The well has 6-in. steel surface casing cemented to 47 ft.  A string of 505 ft of 3-in. 

tubing used for cementing was probably left in the well.  The well was eventually controlled 

and capped with great difficulty, but although four attempts to plug it were made, using a total 

of 1,080 sacks of cement, it is now thought that water would flow at the surface if the casing 

head were opened (property owner Sally Thurston).  The casing head would be accessible now 

only with difficulty, and with some risk of losing control of the flow.  The configuration of the 

casing head just before it was encased in a concrete block is shown as Fig. 49.  A full 

description of the history of the well, including relevant documents, may be found at the Blues 

Skies B&B website, www.blueskiesbb.com/well. 

 “Lithia Magnetic Spring” in Sutherland Creek Canyon (1):  An article in the 

Manitou Springs Journal of December 17, 1909, describes a proposed power-plant and water-

supply project to be built on Sutherland Creek “about two miles from Colorado City.”  In the 

article is the statement “[i]t is reported that while going over his property…Dr. Lewis 

discovered a lithia magnetic spring, the only one of its kind in the county.  The spring gushes 

from a crevice in a wall of solid granite, and it was known by some to have existed there.  A 

report says that old settlers tell of an Indian legend concerning a fight between the Utes and 

Arapahoes for the possession of the spring…[article cut off here].”  Other parts of the article 

suggest that the location may be on a 25-acre tract near or including the confluence of the two 

forks of Sutherland Creek, in the SW¼ NW¼ NE¼, Sec. 17, T. 14 S., R. 67 W. (see Fig. 2 for 

a conjectural location based on this legal description).  There is no explanation of the “lithia 

magnetic” designation, and no other information has been found relating to the spring.  Several 

steeply dipping faults cutting the Pikes Peak granite have been mapped, crossing the creeks 

both above and below the confluence. 

El Colorado Lodge Well (1):  A water analysis found in U.S. Geological Survey 

records for this well, located at 23 Manitou Avenue (see Fig. 2), shows very high TDS and 

chloride concentrations.  The chemical signature does not, however, appear consistent with the 

high-TDS waters that form a component of discharge from the Manitou Springs aquifer, in that 

chloride forms a much larger proportion of the anion concentration.  The water from this well 

seems more likely to be associated with evaporite minerals.  
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Figure 49.  McClurg or Blue Skies well, before encasement of the casing head was completed. 
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Blue Ice Spring (1):  This spring is shown on Figures 1 and 2 and discussed here 

because of the potential role of its flow in the water chemistry of the Manitou Springs aquifer, 

but it is not a point of discharge for the Manitou Springs aquifer.  The spring emerges in a 

small sediment-filled grotto in red sandstone (Sawatch Sandstone) on the western wall of 

Williams Canyon (Luiszer, 1997, appendix), above the regional water table, and because of its 

hydrogeologic setting and water quality, Luiszer believed its source to be the leach field of the 

Cave of the Winds wastewater system about 100 m (330 ft) uphill from the spring.  According 

to Luiszer, the high nitrate concentration of water from Blue Ice Spring is likely to account for 

part of the nitrate concentrations in other wells and springs, as discussed below.  Luiszer found 

a flow of about 0.05 gpm, and a nitrate concentration (NO3 + NO2, as N) of 315 mg/L.  A field 

visit in February 2010 showed a small icefall but no flow, and a sample taken from the icefall 

had a lower nitrate concentration (18 mg/L; Table A1). 

GEOLOGIC AND HYDROGEOLOGIC SETTING 

 The 1935 geologic map of Colorado (Burbank et al., 1935) shows a dramatic boundary 

along the Front Range between the very old granite and metamorphic rocks of the Rocky 

Mountain block, uplifted on the west side of a fault zone (or in places a monoclinal fold) of 

great displacement, and the Great Plains block on the east (see Fig. 50).  In one area of a few 

square miles, however, the small remnant of early sedimentary rocks at Manitou Springs, some 

of the oldest sedimentary rocks in the region are preserved on top of the granite and 

metamorphic rocks in the upthrown Rocky Mountain block, west of the great bounding faults 

of the Front Range.  The small remnant of old sedimentary rocks preserves beds of the 

Manitou Limestone and the thin underlying Sawatch Sandstone and Peerless Dolomite, and a 

thick sequence of overlying units including the Leadville Limestone and the Fountain 

Formation.  These rocks have been removed by erosion from much of the area of the mountain 

block.   
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The sedimentary strata in the preserved remnant generally dip to the east, toward the 

bounding fault, and for that reason, the wedge-shaped sequence of beds is thickest at its eastern 

limit.  The Manitou Limestone, and parts of the immediately underlying sandstone and 

weathered granite, and overlying dolomite and limestone beds, constitute the Manitou Springs 

artesian aquifer, and the Fountain Formation serves as a sequence of low-permeability confining 

beds above it.  These general relationships are shown on the geologic cross-sections of 

Figures 51, 52, 53, and 54, and the rock units, the geologic structure, and the groundwater 

system, are described in the following sections.  Material in quotation marks in the following 

descriptions of rock units is from the text accompanying the geologic map of the Manitou 

Springs 7.5-minute quadrangle (Keller et al., 2005), which itself represents a recent compilation 

of work by many other authors.  Some geologic interpretation was also drawn from the 

companion geologic map of the Colorado Springs quadrangle (Carroll and Crawford, 2000). 

Pikes Peak Granite and Metamorphic Rocks 

The Middle Proterozoic (1.1 billion years old, anomalously young among Colorado 

batholiths) Pikes Peak Granite underlies the sedimentary bedrock units in the study area, and is 

present at the surface to the north, south and west (see Figs. 51 through 55).  It is designated 

on the geologic map and cross-sections by the “Ypp” symbol.  The Pikes Peak Granite is “a 

pink, light reddish-brown, or light gray coarse-grained, locally porphyritic granite.  Resistant 

outcrops are typically rounded and bouldery.  Weathering often produces deposits of grüs 

(loose, disaggregated mass of constituent minerals).  Grüs is best developed on north-facing 

slopes and can accumulate to thicknesses as much as 150 ft.  Grüs develops first along joints in 

the granite.”  On many outcrops in Fountain Creek Canyon just west of Manitou Springs, the 

weathered granite is deep red.   

Sawatch Sandstone 

Above the Pikes Peak Granite, the oldest sedimentary unit is the Upper Cambrian Sawatch 

Sandstone, designated on the geologic map and cross-sections by the dark orange color and the 

“Cs” symbol.  The lower part of the Sawatch is “resistant-weathering white- to light-gray-green, 

medium- to coarse-grained, conglomeratic arkosic sandstone, approximately 14 ft thick…[T]he 

arkosic sandstone passes upward into finer-grained, glauconitic, dolomitic sandstones of deep 

purple and green color, locally crossbedded and bioturbated.  Glauconitic sandstones reach 43 ft in 

thickness.”  Thus the total thickness is about 57 ft where measured in either Williams Canyon or 

Fountain Creek canyon.  The Ute Chief Gusher penetrates this sequence. 
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Manitou Limestone  

 The area occupied by the Lower Ordovician Manitou Limestone is shown on the 

geologic map, Figure 2.  The outcrop of the Manitou is shown in mauve and designated by the 

“Om” symbol; the Manitou underlies younger rocks whose outcrops are shown in darker 

lavender, various shades of blue, and yellow or orange.  The total area in which Manitou beds 

are present to the west of the Rampart Range Fault is about 8 square miles.  Karst features 

have been mapped in the Manitou Limestone and Leadville Limestone on the Manitou Springs 

and Cascade geologic quadrangles (Keller et al., 2005; Morgan et al, 2004).   

 The Manitou Limestone “consists of fine-grained dolostone and limestone.  The unit is 

resistant-weathering, pinkish-gray to tan, and thin- to medium-bedded, with approximately 

145 ft of thin wavy-bedded to medium-bedded carbonates giving way to [an] upper, cliff-

forming, medium-bedded dolostone, approximately 40 ft thick.  Resistant-weathering chert 

layers are interbedded with limestones in the lower sequence in western Manitou Springs 

township, and silicic nodules are found throughout.” 

 Contour maps indicating the elevations of the top and bottom of the Manitou 

Limestone, are shown as Figures 56 and 57 to give a general picture of the geometry of the 

Manitou Springs aquifer, recognizing that some both overlying and underlying beds are also 

parts of the aquifer (see The Manitou Springs Aquifer, below). 

Williams Canyon Formation 

 This unit consists of “buff-gray to red and lavender thin-bedded sandy limestone and 

dolomite, with minor beds of shale, sandstone, and siltstone, reaching a thickness of 

approximately 30 ft.  The Williams Canyon Formation is distinguished by thin bedding and 

bright red color, and is known only in its type locality in Williams Canyon.  It may be 

Devonian in age.”  The Williams Canyon is shown combined with the overlying Hardscrabble 

Limestone Member of the Leadville Limestone on the geologic map and cross-sections, 

designated by lavender color and the symbol “MDlh.”  It is not known whether the Williams 

Canyon is present beneath all of the area in which the overlying Leadville occurs.  

Leadville Limestone 

 Above the Williams Canyon Formation is the Hardscrabble Limestone of the 

Mississippian-age Leadville Limestone.  It is a “tan to gray, sandy dolomitic limestone that 

disconformably overlies the Williams Canyon…Massive-bedded carbonates form the lower 

portion, and may be sandy, cherty, or oolitic.  The upper part of the formation consists of well-

indurated karst breccia.  Thickness of the Hardscrabble Limestone [Member of the Leadville 

Limestone] varies due to karst dissolution but does not exceed 100 ft.”  The unit is indicated 

on the geologic map and cross-sections by lavender color and the symbol “MDlh.” 
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Fountain Formation 

 Glen Eyrie Member:  Overlying the Leadville Limestone is a sequence of “black to 

blue-gray shale and lesser amounts of varicolored blue-green to purple shale and orange-tan 

sandstone beds” assigned to the Early Pennsylvanian-age Glen Eyrie Member of the Fountain 

Formation.  The maximum thickness reported is 362 ft.  It is shown on the geologic map and 

cross-sections in pale blue, with the symbol “P|Pfg.” 

 Main Body:  The main body of the Lower Permian and Pennsylvanian Fountain 

Formation consists of “red and white, coarse-grained, arkosic sandstone and pebble to boulder 

conglomerate…[m]aroon micaceous siltstone alternates with the medium- and thickly bedded 

conglomeratic sandstone.”  The formation is 4,050 ft thick in the exposures along Fountain 

Creek.  It is shown on the geologic map and cross-sections in light blue, with the symbol 

“P|Pf.” 

Younger Bedrock Units 

 Figure 2, the geologic map, shows a number of bedrock geologic units of Permian and 

younger ages above the Fountain Formation, but none of these units appears to be of interest in 

terms of the hydrogeology of the Manitou Springs aquifer, and will not be discussed further 

here.  

Alluvium 

 Keller et al. (2003) show a wide variety of Quaternary-age deposits in the valleys of 

Fountain Creek and its tributaries, and elsewhere within the area of the geologic map (Fig. 2).  

Of these, only the alluvium of the inner valley of Fountain Creek appears to be important to an 

understanding of the hydrogeology of the Manitou Springs aquifer.  This inner-valley alluvium 

includes “Alluvium one (late Holocene)” and “Alluvium two,” the units indicated by the 

symbols “Qa1,” and “Qa2.”  Alluvium one is described as “yellow to medium-dark-brown, 

poorly to moderately sorted, non-consolidated clay, silt, sand, gravel, and rare boulders 

deposited as clast- or matrix-supported alluvium in modern creek beds…[m]aximum thickness 

of this unit may exceed 10 ft.  Deposits may include localized organic- and sand-rich layers 

and may include terraces up to 5 ft above the modern creek bed.”   
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Alluvium two is “dark-yellow to dark-brown, poorly to moderately sorted, poorly 

consolidated clay, silt, sand, gravel, and rare boulders deposited as terrace-forming alluvium 

above the currently active flood plain or a non-terrace forming alluvium in valley headwaters.”  

“Deposit commonly includes organic-rich layers interbedded with sand and gravel lenses.  

Terrace heights reach as much as 15 ft above current stream level.  Maximum thickness of 

[the] unit locally exceeds 15 ft.”   

Where the role of alluvium in the bed and valley of Fountain Creek is discussed later in 

this report, the term includes both of these units. 

Faults and Fracture Zones 

 Ute Pass Fault Zone:  The Ute Pass Fault Zone forms the boundary between the 

Rocky Mountain block and the Great Plains block for some miles south of Manitou Springs 

(see Fig. 50).  Just southwest of Manitou Springs, the trace of the fault zone curves gently 

toward the northwest, and then follows a linear trend oriented N. 40° W. to N. 45° W. into the 

mountains.  In the curved segment and the first mile or so of the linear trend, the fault zone 

bounds the block of sedimentary rocks that includes the Manitou Springs aquifer and the 

overlying Fountain Formation, and it also is expressed as a zone of deformation and shear 

reaching several hundred feet in width (Keller et al., 2003, p. 21).  In this portion, there are 

several subsidiary faults and a complex pattern of isolated fault blocks (Fig. 2).   

To the northwest of Manitou Springs, the Ute Pass Fault Zone is relatively simple in 

geometry.  The fault zone does not actually coincide with the valley of Fountain Creek at the 

entrance to Ute Pass or for the first two miles northwest of Manitou Springs, but passes 

parallel with the course of the creek and some 2,000 to 4,000 ft to the southwest (see Fig. 2).  

The straight trace of the fault zone and most of the individual faults within it, as it crosses the 

varying elevations to the northwest of the curved segment, indicate that the faults are vertical 

or nearly so.  

According to Keller et al. (2003, p. 21-22) the Ute Pass Fault Zone is “interpreted as a 

Late Cretaceous-Tertiary Laramide [99 to 50 million years old] fault system that reactivated an 

Ancestral Rockies structure (Pennsylvanian [318 to 299 million years]),” and “[t]here is 

evidence that movement on the Ute Pass Fault Zone continued into the Neogene and possibly 

into Quaternary time [less than 23 million, and as little as 2 million years].”   
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 Rampart Range Fault:  The structural zone of which the Rampart Range Fault is a part 

(see Fig. 50) forms the boundary between the Rocky Mountain block and the Great Plains block 

to the north of Highway 24, and may exist in the subsurface further to the south, to join the Ute 

Pass Fault Zone.  It may be an east-breaking splay off of the Ute Pass Fault (Keller et al., 2003, 

p. 24).  The cross-sections of Figures 52, 53, and 54 illustrate the relationship between the 

Rampart Range Fault and the large-scale folding of the Rampart Range structural zone.  

 Williams Canyon:  The cluster of natural springs in central Manitou Springs (the 

Navajo, Cheyenne, Soda, Shoshone, and others as described above) occurs at the intersection 

of the axes of Williams Canyon and the Fountain Creek valley, as shown on Figure 1, and 

depicted clearly in the photo from about 1870 of the Navajo and Soda Springs in their pre-

development condition (Fig. 3).  It seems probable that the drainages are controlled to some 

extent by fracturing, and that the upward flow of groundwater is concentrated in this higher 

density of fracturing at the intersection. 

Folds 

 Rampart Range Structural Zone:  The eastern boundary of the block of sedimentary 

rocks that includes the Manitou Springs aquifer is a complex, faulted monocline, in which the 

dips are very steep, and in which the rocks of the Manitou Springs area plunge to great depth 

(see Figs. 52 through 54).   

 Northwest-Trending Folds:  Several northwest-trending anticlinal and synclinal fold 

axes, lying parallel with the Ute Pass Fault Zone, are mapped in the Manitou Springs area 

(Keller et al., 2003).  Four significant folds can be interpreted from the contours of the top of the 

Manitou Limestone (Fig. 56), and are apparent in cross-section C-C’ (line of section shown on 

Fig. 2, and cross-section on Fig. 54).  It would appear that the course of Fountain Creek, 

according to Luiszer’s interpretation of the origin of the Cave of the Winds (Luiszer, 1997) lay 

along the crest or hinge zone of the small anticline between Williams Canyon and the present-

day Fountain Creek canyon.  It may be that fracturing along the crest of the anticline provided a 

zone of weakness that led to both the preferential erosion of an ancestral Fountain Creek canyon, 

and to the formation of the caverns.  Present Fountain Creek where its alignment is from 

northwest to southeast parallel with the Ute Pass Fault Zone, lies close to, but in general not 

coincident with, the small syncline shown to the southwest of the creek (Fig. 2).  From the point 

at which Fountain Creek’s course turns nearly due eastward, in the center of Manitou Springs, 

the fold may die out. 
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THE MANITOU SPRINGS AQUIFER AND ITS WATER BUDGET 

Geologic Character  

 The aquifer that supplies the mineral springs is formed principally by fractures, and 

fractures that have been enlarged by solution of carbonate rocks, in the upper part of the 

sequence of limestone beds of the Ordovician-age Manitou Limestone, but also in overlying 

limestone beds of the Devonian-age Williams Canyon Limestone and Mississippian-age 

Leadville Limestone.  The aquifer also appears to include sandstones of the Sawatch 

Sandstone which underlies the Manitou, and weathered granite beneath the Sawatch.  The term 

Manitou Springs aquifer will be used in this report to designate the entire sequence of beds in 

the Manitou and underlying and overlying beds in which permeability has been enhanced by 

fracturing and solution, and by fracturing and weathering in the case of the granite.  All of the 

wells for which geologic logs are available actually produce from beds above or below the 

Manitou Limestone.  Some of the well-known springs are not actually supplied by the Manitou 

Springs aquifer at all, but discharge water from fractures in the Pikes Peak Granite.  

Probably only a part of the body of Manitou Limestone and associated underlying and 

overlying beds have sufficient permeability to support significant water production.   

 
Daniels and McConnell (1964, 1973 reprint, p. 38) report that “[a]pparently mineral 

water could be found almost any place within that area,” speaking of a rough triangle 

containing the downtown springs, “but drilling outside it was unsuccessful.”  They add, “[t]o 

every one’s dismay hot water was never found in the region though M.F. Yount drilled down 

seven hundred feet in his determination to find it near Rainbow Falls.  Curt Goerke was 

disappointed in his efforts to tap a spring, hot or cold, near the Garden of the Gods.”  Of 

course, Rainbow Falls is in the Pikes Peak Granite outcrop, and in the Garden of the Gods 

some 700 ft of Fountain Formation overlie the aquifer strata.  The proposed Yount drilling is 

mentioned in a Colorado Springs Gazette Telegraph article of August 3, 1930. 

Origin and Extent of the Aquifer 

Luiszer (1997) offers a well-considered explanation of the origin of the Cave of the 

Winds, which is strongly related to the origin of the Manitou Springs aquifer.  Relevant parts 

of Luiszer’s account (from the Conclusions section of his report) are quoted as follows: 
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Cave of the Winds is a phreatic cave dissolved from the calcite-rich 
Manitou, Williams Canyon, and Leadville Formations.  Dissolution 
occurred along joints associated with Laramide [around 66 Ma, or million 
years ago] faulting and folding.  Paleokarst features, such as sediment-filled 
fissures and caves, indicate that some of the passates at Cave of the Winds 
are related to cave-forming episodes that started soon after the deposition of 
the Ordovician [486 to 542 Ma] Manitou Formation and continued to the 
beginning of the Cretaceous Laramide Orogeny.  Most speleogenesis, 
however, occurred in the last ~5.0 Ma.  Iron and manganese oxide deposits 
at the cave and at springs in Manitou Springs indicate that the process of 
limestone dissolution that is taking place today beneath Manitou Springs is 
the same process that dissolved the Cave of the Winds in the past. 

Chemical and isotopic analyses of the spring, well, and surface waters 
indicate that two principal types of water are mixing below Manitou Springs.  
One, which is from a deep-seated source and has a high TDS and carbon 
dioxide content, is ascending along the Ute Pass Fault.  The other, which 
has a low TDS and carbon dioxide content, is from near-surface sources.  
Both of these waters are either saturated with respect to calcite or have the 
capacity to dissolve small amounts of calcite.  When mixed, however, mass 
balance calculations show that these waters are dissolving ~71 tonnes 
[78 short tons] of limestone per year.  Mass balance calculations also show 
that iron and manganese oxides are precipitating in the mixing zone.   
 
Iron and manganese oxide bearing sediments preserved in Cave of the 
Winds show that a mixing zone similar to the one beneath Manitou Springs 
existed at the cave. 

The sequence of sediments at the cave and associated model developed 
from spring and nearby cave sediments indicate that Fountain Creek was 
flowing over Cave of the Winds until ~2.0 Ma.  Subsequently, the creek 
simultaneously downcut and continually shifted south to its present position 
in Manitou Springs. 

 
 Luiszer (Luiszer, 2007, p. 170) later refined the timing of cave formation, estimating 

that most of the cave formation took place during the period beginning about 4.2 million years 

ago, and ending about 1.5 million years ago, the time during which Fountain Creek surface 

water was available, prior to the shift of Fountain Creek to the south, to mix with up-welling 

high-TDS water.  Presumably the mixing of waters, and the consequent extensive enlargement 

of fractures by dissolution of limestone, was taking place farther down-dip as well, in at least a 

part of the Manitou Limestone that is still in the subsurface.   
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It is also probable that the zone of mixing has extended down-dip as erosion has stripped 

away the overlying Fountain Formation confining beds and thus permitted natural discharge to 

occur farther and farther to the east along the course of the creek.  The presence of an open 

fracture large enough to supply 1,500 gpm to the McClurg well suggests that solution openings 

extend at least that far to the east.  The ultimate eastward and down-dip extent of the aquifer is 

likely to be governed by the eastward limit of upward leakage, because beyond that point the only 

groundwater moving in the system would be the high-TDS water associated with the fault zones.  

The chloride flux in Fountain Creek with distance downstream (Fig. 58 and Table 7) provides 

some insight, and suggests that little additional chloride, and therefore little additional upward 

leakage of high-TDS water, appears downstream from the vicinity of the Highway 24 crossing. 

Some sense of the width of the aquifer in the subsurface might be gained from the 

distribution of solution openings in Cave of the Winds on the west side of Williams Canyon, 

Huccacove Cave on the east side, and other caves, and including Williams Canyon itself.  It 

may well be that Williams Canyon represents the preferential erosion of a linear system of 

solution openings associated with the course of the ancestral Fountain Creek.  This total width 

is on the order of several thousand feet.   

The Goerke test boring at Balanced Rock station (a conjectural location is shown on 

Figs. 1 and 2) was drilled to 200 ft, where it was abandoned because of lost tools, and 

produced “plenty of gas” but did not reach water (see Manitou Springs Journal, May 10, 

1910).  The land-surface elevation at Balanced Rock, presumably near the site of the well, is 

about 6,340 ft, and it seems likely that the head in the Manitou  Springs aquifer, expected to be 

at about 6,400 ft, would have been sufficient to cause the well to flow if sufficient permeability 

had been encountered.  As mentioned above, however, the thickness of Fountain Formation 

confining beds is about 700 ft at the site, and it may be that no fracture was intersected in the 

uppermost 200 ft.  Discharge of gas “from over 40 openings…extending from the lot on which 

the building is situated to ½ mile up Black Canyon”  was described in a Manitou Springs 

Journal article of April 1, 1910.  Black Canyon may represent fracture zone similar to that of 

Williams Canyon, and it seems reasonable that the permeability of the aquifer has been 

enhanced by solution along the Black Canyon trend.   

If the solution-enhanced part of the aquifer is present at the site of the Goerke well, and 

along Black Canyon to the west, as suggested by the presence of gas, then the width of the 

aquifer would be 3,000 to 4,000 ft.  The distance between the springs and wells in central 

Manitou Springs and Black Canyon, measured perpendicular to the trend of Black Canyon and 

Fountain Creek west of downtown Manitou Springs, would be about 5,000 ft.  
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Figure 58.  Graph showing chloride-ion flux with distance downstream, Fountain Creek, 
Manitou Springs, Colorado.  See Table 7 for data and calculations.  
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Table 7.  Calculations for total Manitou Springs aquifer water budget, and high-TDS inflow to Manitou Springs aquifer based on chloride-ion mass-balance. 
Water-budget is based on baseflow gain between Fountain Creek above Manitou Springs station and a Fountain Creek station near Highway 24 bridge (bold type). 

(Where chloride is not available for downstream station and chloride is estimated from conductance, chloride is estimated  
from conductance for upstream station even if a chloride determination is available.  See notes.) 
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conductance, 
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chloride-ion 
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mg/L 
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Ruxton Cr. 
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net gain 
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Manitou 
Springs 
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net gain 
below 

Fountain 
Creek ab. 
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Springs 
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TDS 

inflow, 
ac-ft/yr 

Notes 

5/13/1986               
USGS Fountain Creek above Cascade Creek 1.00 4.8 135.9 249 10.0 10.7 1,453       average ratio of 
USGS  Fountain Creek above French Creek 1.90 7.5 212.4 210 9.1 9.0 1,914       conductance to 

USGS Fountain Creek above Manitou Springs 4.15 2.7 76.5 220 10.0 9.4 722       chloride = 23.3. 
USGS Fountain Creek above Ruxton Creek 4.80 2.9 82.1 300  12.9 1,057        
USGS Ruxton Creek near mouth  0.3 8.5 380  16.3 139        
USGS Fountain Creek at El Paso Boulevard 5.25 4.2 118.9 342  14.7 1,746        
USGS Fountain Creek at Mayfair Avenue 5.75 8.6 243.5 350  15.0 3,658 2,798 4.5 115 5.6 4,057 3,942  

USGS Fountain Creek at Becker’s Lane 6.40 11 311.5 323  13.9 4,318 3,458 5.6 143 8.0 5,796 5,653  
USGS Fountain Creek near Colorado Springs 7.20 11 311.5 323 14.0 13.9 4,318        

3/4/1987              
USGS Fountain Creek above Cascade Creek 1.00 8 226.5 270 12.0 17.8 4,024       average ratio of 
USGS  Fountain Creek above French Creek 1.90 8.9 252.0 278 20.0 18.3 4,609       conductance to 

USGS Fountain Creek above Manitou Springs 4.15 10 283.2 323 25.0 21.3 6,017       chloride = 15.2. 
USGS Fountain Creek above Ruxton Creek 4.80 6.0 169.9 344  22.6 3,845        
USGS Ruxton Creek near mouth  0.3 9.1 404  26.6 241        
USGS Fountain Creek at El Paso Boulevard 5,25 8.9 252.0 395  26.0 6,549        
USGS Fountain Creek at Mayfair Avenue 5.75 11.0 311.5 392  25.8 8,033 1,775 2.9 73 0.7 493 419  

USGS Fountain Creek at Becker’s Lane 6.40 14.0 396.4 380  25.0 9,911 3,653 5.9 151 3.7 2,666 2,515  
USGS Fountain Creek near Colorado Springs 7.20 13 368.1 -- 32.0          

12/2/1987              
USGS Fountain Creek above Cascade Creek 1.00 6.2 175.6 272 13.0 16.7 2,930       average ratio of 
USGS  Fountain Creek above French Creek 1.90 7.2 203.9 249 15.0 15.3 3,115       conductance to 

USGS Fountain Creek above Manitou Springs 4.15 8.7 246.4 295 22.0 18.1 4,459       chloride = 16.3. 
USGS Fountain Creek above Ruxton Creek 4.80 7.9 223.7 352  21.6 4,831        
USGS Ruxton Creek near mouth  0.0 0.0 425  26.1 0        
USGS Fountain Creek at El Paso Boulevard 5,25 8.0 226.5 402  24.7 5,587        
USGS Fountain Creek at Mayfair Avenue 5.75 9.1 257.7 382  23.4 6,039 1,580 2.5 65 0.4 290 225  

USGS Fountain Creek at Becker’s Lane 6.40 10.0 283.2 369  22.6 6,410 1,952 3.1 81 1.3 942 861  
USGS Fountain Creek near Colorado Springs 7.20 7.6 215.2 377 25.0 23.1 4,978        

USGS = U.S. Geological Survey mg/L = milligrams per liter 
cfs = cubic feet per second mg/sec = milligrams per second 
L/s = liters per second TDS = total dissolved solids  
µS/cm = microSiemens per centimeter ac-ft/yr = acre-feet per year 



JSAI  110 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

Table 7.  Calculations for total Manitou Springs aquifer water budget, and high-TDS inflow to Manitou Springs aquifer based on chloride-ion mass-balance (continued) 
Water-budget is based on baseflow gain between Fountain Creek above Manitou Springs station and a Fountain Creek station near Highway 24 bridge (bold type). 

(Where chloride is not available for downstream station and chloride is estimated from conductance, chloride is estimated  
from conductance for upstream station even if a chloride determination is available.  See notes.) 

 

date and station 

distance 
from 

arbitrary 
upstream 

datum, 
miles 

discharge, 
cfs 

discharge, 
L/s 

specific 
conductance, 

μS/cm 

chloride-ion 
concentration 

(from 
analysis), 

mg/L 

chloride-ion 
concentration 

used in 
calculation 

(italics mean 
estimated from 
conductance), 

mg/L 

chloride-
ion flux, 
mg/sec 

increase in 
Cl flux, 

adjusted for 
Ruxton Cr. 

Inflow 
(italics mean 

not 
adjusted.), 

mg/sec 

high –
TDS 

inflow, 
L/s 

high –
TDS 

inflow, 
ac-ft/yr 

net gain 
below 

Fountain 
Creek ab. 
Manitou 
Springs 

station,  cfs 

net gain 
below 

Fountain 
Creek ab. 
Manitou 
Springs 
station,  
ac-ft/yr 

low-
TDS 

inflow, 
ac-ft/yr 

Notes 

4/27/1988              
USGS Fountain Creek above Cascade Creek 1.00 6 169.9 244 10.0 10.5 1,787       average ratio of 
USGS  Fountain Creek above French Creek 1.90 9.2 260.5 212 9.0 9.1 2,381       conductance to 

USGS Fountain Creek above Manitou Springs 4.15 8.2 232.2 222 10.0 9.6 2,222       chloride = 23.2. 
USGS Fountain Creek above Ruxton Creek 4.80 8.8 249.2 275  11.9 2,954        
USGS Ruxton Creek near mouth  0.0 0.3 281  12.1 3        
USGS Fountain Creek at El Paso Boulevard 5.25 8.8 249.2 321  13.8 3,448        
USGS Fountain Creek at Mayfair Avenue 5.75 10.0 283.2 314  13.5 3,833 1,607 2.6 66 1.8 1,297 1,230  

USGS Fountain Creek at Becker's Lane 6.40 11.0 311.5 295  12.7 3,961 1,735 2.8 72 2.8 2,021 1,950  
USGS Fountain Creek near Colorado Springs 7.20 12 339.8 293 13.0 12.6 4,291        

7/6/1988              
USGS Fountain Creek above Cascade Creek 1.00 4.6 130.3 242 8.8 9.9 1,292       average ratio of 
USGS  Fountain Creek above French Creek 1.90 7.3 206.7 164 6.4 6.7 1,389       conductance to 

USGS Fountain Creek above Manitou Springs 4.15 8.1 229.4 217 10.0 8.9 2,040       chloride = 24.4. 
USGS Fountain Creek above Ruxton Creek 4.80 7.9 223.7 263  10.8 2,411        
USGS Ruxton Creek near mouth  0.1 3.7 277  11.4 42        
USGS Fountain Creek at El Paso Boulevard 5.25 8.7 246.4 331  13.6 3,342        
USGS Fountain Creek at Mayfair Avenue 5.75 12.0 339.8 317  13.0 4,415 2,333 3.8 96 3.8 2,731 2,635  

USGS Fountain Creek at Becker's Lane 6.40 11.0 311.5 295  12.1 3,766 1,684 2.7 70 2.8 2,007 1,937  
USGS Fountain Creek near Colorado Springs 7.20 10 283.2 321 14.0 13.2 3,725        

12/14/1988              
USGS Fountain Creek above Cascade Creek 1.00 4.1 116.1 274 11.0 11 1,277       does not account for 
USGS  Fountain Creek above French Creek 1.90 6 169.9 229 9.6 9.6 1,631       Ruxton Creek or 
USGS Fountain Creek above Manitou Springs 4.15 8.7 246.4 209 10.0 10 2,464       Sutherland Creek 
USGS Fountain Creek near Colorado Springs 7.20 10 283.2 305 14.0 14 3,964 1,501 2.4 62 1.3 942 880 inflows 

9/6/1989              
USGS Fountain Creek above Cascade Creek 1.00 2.5 70.8 316 18.0 18 1,274       does not account for 
USGS  Fountain Creek above French Creek 1.90 3.6 101.9 278 13.0 13 1,325       Ruxton Creek or 
USGS Fountain Creek above Manitou Springs 4.15 3.4 96.3 328 19.0 19 1,829       Sutherland Creek 
USGS Fountain Creek near Colorado Springs 7.20 2.9 82.1 554 33.0 33 2,710 881 1.4 36 -0.5 -362 -399 inflows 

USGS = U.S. Geological Survey mg/L = milligrams per liter 
cfs = cubic feet per second mg/sec = milligrams per second 
L/s = liters per second TDS = total dissolved solids  
µS/cm = microSiemens per centimeter ac-ft/yr = acre-feet per year 



JSAI  111 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 
 
 

Table 7.  Calculations for total Manitou Springs aquifer water budget, and high-TDS inflow to Manitou Springs aquifer based on chloride-ion mass-balance (concluded) 
Water-budget is based on baseflow gain between Fountain Creek above Manitou Springs station and a Fountain Creek station near Highway 24 bridge (bold type). 

(Where chloride is not available for downstream station and chloride is estimated from conductance, chloride is estimated  
from conductance for upstream station even if a chloride determination is available.  See notes.) 

 

date and station 

distance 
from 

arbitrary 
upstream 

datum, 
miles 

discharge, 
cfs 

discharge, 
L/s 

specific 
conductance, 

μS/cm 

chloride-ion 
concentration 

(from 
analysis), 

mg/L 

chloride-ion 
concentration 

used in 
calculation 

(italics mean 
estimated from 
conductance), 

mg/L 

chloride-
ion flux, 
mg/sec 

increase in 
Cl flux, 

adjusted for 
Ruxton Cr. 

Inflow 
(italics mean 

not 
adjusted.), 

mg/sec 

high –
TDS 

inflow, 
L/s 

high –
TDS 

inflow, 
ac-ft/yr 

net gain 
below 

Fountain 
Creek ab. 
Manitou 
Springs 

station, cfs 

net gain 
below 

Fountain 
Creek ab. 
Manitou 
Springs 
station,  
ac-ft/yr 

low-
TDS 

inflow, 
ac-ft/yr 

Notes 

6/11/2007              
USGS Fountain Cr. 0.2 mi ab. Cavern Gulch (Note A) 4.15 31.0 877.8 152  8.1 7,097       used long-term 
USGS Ruxton Creek at mouth  5.6 158.6 80  4.3 675       average ratio 
USGS Fountain Creek 0.3 mi below Ruxton Creek 5.15 41.0 1161.0 174  9.3 10,745       of conductance to 

USGS Fountain Cr. at Schryver Park 6.05 39.0 1104.4 186  9.9 10,926 3,154 5.1 130 2.4 1,739 1,609 chloride. 18.8. 
USGS Fountain Creek below Camp Creek 6.55 41.0 1161.0 197  10.5 12,166        

7-30-2007, 7-31-2007              
USGS Fountain Cr. 0.2 mi ab. Cavern Gulch  (Note A) 4.15 15.0 424.8 159  8.5 3,592       upstream and down- 
USGS Ruxton Creek at mouth  2.5 70.8 105  5.6 395       stream discharge on  
USGS Fountain Creek 0.3 mi below Ruxton Creek 5.15 12.0 339.8 214  11.4 3,868       different days  

USGS Fountain Cr. at Schryver Park 6.05 11.0 311.5 221  11.8 3,662 -326 -0.5 -13 -6.5 -4,709 -4,696 Cl ratio = 18.8 
USGS Fountain Creek below Camp Creek 6.55 20.0 566.3 233  12.4 7,019        

10-22-2007, 7-23-2007              
USGS Fountain Cr. 0.2 mi ab. Cavern Gulch (Note A) 4.15 12.0 339.8 211  11.2 3,814       upstream and down- 
USGS Ruxton Creek at mouth  8.0 226.5 79  4.2 952       stream discharge on  
USGS Fountain Creek 0.3 mi below Ruxton Creek 5.15 23.0 651.3 197  10.5 6,825       different days.  

USGS Fountain Cr. at Schryver Park 6.05 21.0 594.7 205  10.9 6,484 1,719 2.8 71 1.0 724 654  
USGS Fountain Creek below Camp Creek 6.55 22.0 623.0 215  11.4 7,124        

11/11/2009              
JSAI Fountain Cr. at Ute Chief (bottling plant) 4.50 11.6 328.5 338  18.0 5,906       used long-term 
JSAI Ruxton Creek at mouth (see Note A, below)  3.8 107.6 93  4.9 532       average ratio 
JSAI Fountain Creek below City Hall (El Paso Blvd.) 5.25 15.2 430.4 316  16.8 7,235       of conductance to 

JSAI Fountain Cr. ab Garden of the Gods Pl. 6.05 15.2 430.4 308  16.4 7,051 614 1.0 25 -0.20 -145 -120 chloride = 18.8 
      Averages of estimates considered reliable (gray shading): 102  2,271 2,168  

USGS = U.S. Geological Survey mg/L = milligrams per liter 
cfs = cubic feet per second mg/sec = milligrams per second 
L/s = liters per second TDS = total dissolved solids  
µS/cm = microSiemens per centimeter ac-ft/yr = acre-feet per year 
Note A: station close to Fountain Creek above Manitou Springs. 
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Recharge 

 Geochemical studies, described below, and the physical relationships indicated by the 

geologic map, show that there are four principal sources of recharge to the aquifer.  These are 

(1) the flows of Fountain Creek itself; (2) the flows of Williams Canyon that are “swallowed” 

by the fractures and cavernous porosity of the Manitou Limestone and associated beds, where 

the creek crosses the outcrop near its lower end near the confluence with Fountain Creek (see 

Fig. 2); (3) water from deep groundwater circulation that rises into the aquifer along fractures 

largely related to the Rampart Range Fault Zone; and (4) water that is similarly rising from 

deep groundwater circulation, but through fractures in the Pikes Peak granite associated with 

the Ute Pass Fault Zone, mixing with runoff and shallow groundwater moving down the 

northeastern slopes of Pikes Peak in grüs and soil, and either appearing in springs and wells 

outside the Manitou Springs aquifer, or entering the aquifer.  Each of these sources plays a 

different role in the water budget, and in the chemical makeup of waters in various parts of the 

system.  Some water probably also enters through karst features on the outcrop, by 

contribution from small drainages other than Williams Canyon, and through other pathways, 

but these amounts are minor. 

 Williams Canyon:  The drainage area of Williams Canyon is about 1,720 acres (2.69 

square miles).  The stream crosses the Manitou Limestone outcrop in a reach of about 1,800 ft, 

in an elevation range of about 6,500 to 6,600 ft (see Fig. 2), but water probably recharges the 

groundwater system associated with the Manitou Springs aquifer over a much longer reach.  

The Williams Canyon reach is at higher elevation than the points at which any of the other 

drainages cross the Manitou Springs aquifer outcrop, as discussed below.  Anecdotal evidence 

indicates that all of the baseflow, and some storm flows are lost to the aquifer under present-

day conditions, although in earlier years, as recently as about 12 years before these studies, 

baseflows were large enough that some flow passed beyond the outcrop of the aquifer and 

reached Fountain Creek (comments by Jeremy Stiles, Cave of the Winds).  

 The qualitative relationship between losses of flow in Williams Canyon and recharge 

to the Manitou Springs aquifer was demonstrated by a dye-tracer study carried out by Fred 

Luiszer in 1998 (Luiszer, unpublished MS).  On June 2, 1998, 4 oz. (108 grams) of fluorescein 

(uranine) dye was added to the flow in Williams Canyon “by the parking area just downstream 

from Narrows Cave,” near the upper end of the stratigraphic sequence that constitutes the 
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aquifer, at a time when all of the streamflow was being captured by a series of small sinks 

along the stream bottom.  The dye was detected, using a fluorimeter, in water produced by the 

Ute Chief Gusher about 85 days later.  The distance between the injection point and the 

Gusher is about 2,050 ft, suggesting a tracer velocity of about 24 ft/day.  Luiszer estimated the 

average flow of in Williams Canyon at about 40 L/min, or 10.6 gpm, and estimated the volume 

of “water-filled cave” between Williams Canyon and the Gusher at 5,000 m3 (4 ac-ft) by 

multiplying that flow rate by the time (85 days) required for dye to pass through the system.  

The passages through which the water passes between Williams Canyon and the Ute Chief 

Gusher may not actually be caves, but rather fractures and intergranular permeability; the log 

of the Gusher replacement well mentions “fractured rock” in the Leadville Limestone, 

“limestone, fractured” in the Manitou Limestone,” and “loose rock, two cavities” in the 

Sawatch Sandstone, but no open caverns.   

 The yield (combined runoff and groundwater recharge) of the Williams Canyon 

drainage was estimated for the present report by Charles F. Leaf, using a method based on the 

WRENSS model (U.S. Forest Service, 1980), for the period 1948 through 2009.  The model 

relies on input data as to basin physiography, seasonal precipitation, vegetation, and land 

treatment, which are used to extrapolate results from experimental watersheds to other basins 

in similar hydrologic regions (Stednick, 1989).  Data are available for the Missouri Gulch 

watershed, in the Manitou Experimental Forest a few miles away (Gary, 1985).   

 Leaf’s estimates of simulated annual water yield (November through October water-

year basis) from the Williams Canyon drainage are shown in Figure 42.  The mean simulated 

annual yield is 2.15 inches over the watershed, but has varied widely, reaching a maximum of 

9.0 in. for the watershed in 1947, and has been zero or nearly zero for many years and for 

several periods of a number of years in succession.  The 1950s drought, a total of 8 years 

(1949 through 1956), included 7 years in which the yield was 1.1 in. or less, and of these, 4 

years had zero simulated yield.  Another period of 7 years, 1976 through 1982, included 6 

years of zero or near-zero yield.  The period 2000 through 2009 is the longest, with zero or 

nearly zero estimated yield in every year.   

 The contributing area of the Williams Canyon watershed is about 1,720 ac, and the 

mean annual discharge is thus about 308 ac-ft.  Not all of this water would become recharge to 

the aquifer.  A large proportion of any flows at relatively high rates passes beyond the outcrop 
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of the Manitou Springs aquifer and onto the outcrop of the Fountain Formation, to remain on 

the surface (or in City of Manitou Springs storm drains) and discharge directly to Fountain 

Creek.  The maximum rate of inflow to the aquifer, if excess water were always available, is 

not known.  In 1998, the year of Luiszer’s dye-tracer study (Luiszer, unpublished MS), the 

estimated basin yield was 2.2 in., equivalent to 315 ac-ft and fairly close to the mean, and all 

of the baseflow as of June 2, which he estimated on an average basis at 40 L/min, equivalent to 

about 16 ac-ft/yr, was being accepted as recharge by the aquifer.   

 The inflow from Williams Canyon serves to raise the groundwater head in the aquifer, 

but is not the only, or even the principal, surface source of recharge.  If Williams Canyon 

ceased entirely to contribute water, the head would drop until the water table reached a level 

just below the streambed of Fountain Creek in the recharge reach above the outcrops of the 

Fountain Formation (Fig. 2), at an elevation of about 6,400 ft, and Fountain Creek flows would 

recharge the aquifer up to the limit imposed by the hydraulic conductivity of the streambed 

and the shallow part of the aquifer.  In view of the lack of inflow from Williams Canyon from 

2000 to the present, it would appear that the recharge from surface flows has come largely 

from Fountain Creek during the past decade. 

Fountain Creek: Fountain Creek itself would recharge the aquifer in the immediate 

area of the outcrop between the confluence with Cavern Gulch (at an elevation of about 6,600 

ft) and perhaps as far downstream as Ruxton Creek (at an elevation of about 6,340 ft), at times 

when Williams Canyon flows have not been sufficient to maintain the groundwater head at an 

elevation high enough to cause outflow from the entire length of the aquifer at the outcrop 

along the Fountain Creek channel.  Some sets of discharge measurements show a small loss of 

flow in Fountain Creek in and just below the reach in which the creek flows over the subcrop 

of the Manitou Springs aquifer (in particular, the USGS-measured loss of 4 cfs between the 

stations “above Manitou Springs” and “above Ruxton Creek” on March 4, 1987; see Table 7).  

Losses from Fountain Creek enter the aquifer across the entire stratigraphic interval, from 

fractures and weathered granite in the Pikes Peak Granite upward in the stratigraphic sequence 

to the bottom of the Fountain Formation.  The inflow to the stratigraphically lowest part of the 

aquifer is at higher head than the inflow to overlying beds, because of the geometry of the 

dipping beds (see Fig. 55); it is possible that the Ute Chief Gusher would continue to flow at 

some rate even if recharge from Williams Canyon ceased entirely. 
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If it is assumed that the total inflow to the Manitou Springs aquifer is equal to the 

discharge from the aquifer in the form of baseflow gain to Fountain Creek between the Manitou 

Limestone outcrop at the upstream (west) end, approximately the same as the USGS sampling 

station Fountain Creek above Manitou Springs, and the Highway 24 bridge over Fountain Creek 

(see Figs. 1 and 2), then the total recharge can be estimated.  The part of the recharge attributable 

to surface water inflow can be determined by subtracting the estimated inflow of high-TDS 

groundwater from a deep source.  The baseflow gain in Fountain Creek would also include 

irrigation return from Manitou Springs, and any leakage from the city’s water distribution 

system and wastewater collection system, but these potential sources were not accounted for.  

Eleven sets of discharge and specific conductance measurements by USGS in the 

period May 13, 1986 through September 6, 1989 at stations along Fountain Creek, three sets of 

measurements during the summer and fall of 2007, and a set by JSAI on November 11, 2009, 

are summarized in Table 7.  These show a total discharge from the system, in the form of 

Fountain Creek gain, ranging from a net loss (calculated from an unreliable dataset) to a gain 

of 5,653 ac-ft/yr, and averaging 2,271 ac-ft/yr for the seven sets of measurements considered 

most reliable (see Table 7).  From this would be subtracted the average of 103 ac-ft/yr 

estimated for inflow of high-TDS groundwater, as described in the following section, to lead 

to an average recharge of 2,168 ac-ft/yr from combined surface-water sources.  

As described above, most of this is attributable to inflow from Fountain Creek above 

the outcrops of the aquifer.  It is not unexpected that the range in calculated gain is as great as 

it is.  The outflow from the aquifer is always influenced by change in storage within the 

system, and zero or negative outflow would occur when the stored volume is low and rising, 

so that all recharge is being added to storage.  It is not likely that a period during which 

conditions are so consistent as to allow an accurate estimate of recharge, based on the outflow 

from the system, ever occurs. 

Deep, High-TDS Groundwater Inflow, Rampart Range and Ute Pass Fault Zones:  

The “mineral waters” of the Manitou Springs aquifer rise into the aquifer along fractures as 

natural discharge from a deeper groundwater circulation regime.  The average flow into the 

aquifer is estimated at about 1023 ac-ft/yr (equivalent to 64 gpm constant; see Table 7).  This 

estimate is subject to much uncertainty, as will be explained below.  The estimate may be 

compared with Luiszer’s estimate (1997; plate 5) based on a single sampling in April 1987 (of 
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63.7 L/min of combined “deep source” and “marine modified” waters), equivalent to 

27.2 ac-ft/yr or 16.8 gpm.  The Luiszer estimate does not include diffuse flows from the 

groundwater system that simply appear as baseflow gain in Fountain Creek, nor any flow from 

the McClurg Well, or from other wells that, although capped, may be leaking into the 

alluvium.  At the time of the later Mayo and Muller study (1997), the McClurg Well was shut 

in, but presumably still leaking at the casinghead.  The final closure of the well took place in 

2008, but some upward leakage into the alluvium, and Fountain Creek, may still be occurring. 

Estimates of the rate of inflow of high-TDS water to the aquifer system were made by 

reconstructing the increase in chloride-ion flux in Fountain Creek for each of the 11 sets of 

nearly simultaneous discharge and water-quality measurements, on the assumption that the 

only significant source of chloride entering the creek in the reach where discharge from the 

aquifer is taking place is the high-TDS inflow itself, and making several assumptions as to the 

chemical characteristics of the waters.  The reach chosen for analysis is that between the 

Manitou Limestone outcrop at the upstream end (USGS station Fountain Creek above 

Manitou Springs), and the USGS and other stations near the Highway 24 bridge at the 

downstream end.  These include USGS stations Fountain Creek at Becker’s Lane and 

Fountain Creek at Schryver Park, and a station Fountain Creek above Garden of the Gods 

Place (Figs. 1 and 2).  The estimated chloride-ion flux calculations are shown in Table 7, and 

the chloride-ion flux as it is related to distance downstream from an arbitrary datum about 4 

miles above Manitou Springs is shown graphically as Figure 58. 

The reach of Fountain Creek through Manitou Springs was selected because there is only 

a small drainage area, other than the drainages of Ruxton Creek and Williams Canyon, and thus 

little potential for addition of chloride from surface-water inflow.  In most cases, measurements 

of Ruxton Creek discharge, and either conductance or chloride, were available, and the mass 

balance was adjusted accordingly.  Williams Canyon was not accounted for specifically, but is 

likely to have been dry at the confluence with Fountain Creek so that any contribution of 

Williams Canyon water would have entered the aquifer upstream from the confluence, passed 

through the aquifer, and thus be included in the calculation.  A longer reach, extending to the 

permanent USGS gaging station Fountain Creek near Colorado Springs (see Fig. 2), where a 

long record of both discharge and chemical quality is available, would have been better for the 

purpose, but the inflow from the ungaged Sutherland Creek drainage enters Fountain Creek 

above the gage near Colorado Springs and would not be accounted for.  



JSAI  117 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 

It was assumed that the highest chloride concentration among the samples taken from 

the McClurg Well (620 mg/L, see Table A1) represents that of the high-TDS inflow.  It was 

also assumed that there are no other sources of chloride, other than tributary flows in Ruxton 

Creek which were subtracted from the flux in Fountain Creek at points downstream from the 

confluence, and that, where no chloride analysis is available, chloride concentration can be 

estimated from the chloride-conductance relationship.  For each data set that included some 

actual chloride determinations, the ratio of specific conductance to chloride was found for each 

determination, and the average of those was used to calculate chloride from conductance for 

the other measurements in the set.  Where chloride was estimated from conductance for a 

downstream station because no actual determination was available, chloride was also estimated 

from conductance for the upstream station, even if an analysis was available.   It is assumed 

that the ratio is reliable for the conditions at the time of sampling, and therefore that two 

estimated concentrations would be more likely to be reliable than the combination of one 

estimated concentration and one from laboratory analysis. 

It was also assumed that all outflow from the aquifer, whether through natural springs, 

wells, upward leakage into the alluvium of the Fountain Creek valley, or at other points, 

appears in Fountain Creek in the reach between the subcrop of the aquifer beneath the creek, 

and the downstream station near the Highway 24 bridge.  The inflow of high-TDS water to the 

aquifer was estimated as the average flow of water with 620 mg/L chloride required to provide 

the increase in the chloride-ion flux in Fountain Creek.  

The McClurg Well is the farthest east, and farthest downdip, of the known wells 

tapping the Manitou Springs aquifer.  If the high-TDS inflow enters the aquifer largely along 

fractures associated with the Rampart Range Fault and the Ute Pass Fault, and if it has 

continued to enter the aquifer against not only the present-day groundwater head, but also 

against the presumably higher heads of pre-development conditions, when there was less 

leakage through wells, and more inflow derived from Williams Canyon, then it is likely to be 

filling the aquifer from the bottom and not to be diluted by lower-TDS surface waters except 

in the part of the aquifer close to land surface.  



JSAI  118 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

Three chloride analyses for the McClurg Well are known.  Hershey (1979, p. 28) 

reports 395 mg/L for a sample taken at the end of the 1978 flowing test, but the analysis has a 

poor charge balance.  Mayo and Muller (1997, table 1) give a value of 17.48 meq/L, equivalent 

to 620 mg/L chloride for a sample taken in June 1991.  The City of Colorado Springs 

(Colorado Springs, 2007) sampled leakage from the well, at an estimated 1 gallon per hour, in 

September 2007, and found 303 mg/L chloride.  The Mayo and Muller value is considered the 

most likely to represent the deep-circulation high-TDS water because it is derived from flow 

after a long period of leakage and has the highest chloride concentration, and because the 

charge-balance for the analysis is within the acceptable range (about 5 percent).  If the actual 

chloride concentration in the high-TDS water is higher than that of the McClurg-well water, 

then the rate of inflow calculated as described below will be correspondingly over-estimated. 

Inflow of high-TDS water was assumed to equal the outflow from the aquifer that 

accounts for the increase in chloride-ion flux in Fountain Creek, and the outflow can be 

estimated, but the outflow appears to vary significantly.  The 11 sets of estimates, summarized 

in Table 7, give a range in outflow of high-TDS water from -13 ac-ft/yr to 151 ac-ft/yr.  Some 

of these estimates are not considered reliable, for various reasons.  The negative inflow 

calculated for the July 30 and 31, 2007 set of measurements was rejected because the upstream 

and downstream measurements occurred on different days.  The December 14, 1988, 

September 6, 1989, and November 11, 2009 data lead to estimates that appear reasonable, but 

do not account for tributary inflows from Ruxton Creek or Sutherland Creek.  The average of 

the remaining seven values is 103 ac-ft/yr, which is taken to represent the average inflow of 

high-TDS water to the aquifer.   

The range in estimated outflow of high-TDS water appears to reflect the groundwater 

head in the aquifer, as would be expected.  Although actual measurements of head are almost 

non-existent, the record of runoff in the same drainage basin may serve as a useful surrogate in 

that, in general, increase in runoff leads to increase in recharge to the aquifer, and thus to 

higher head.  The cumulative departure from the mean of a time-series of surface-water 

discharge measurements is analogous to water-level measurements in a well, in that rising 

cumulative departure signals a period of above-average runoff, hence above-average recharge, 

which would be shown by a record of rising water-level measurements in a well over the same 

period.  Presumably, inflow from both Fountain Creek and Williams Canyon affect the head in 

the aquifer.   
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Cumulative-departure plots for two periods in the record of the gage on Fountain Creek 

near Colorado Springs (Fig. 2) are shown on Figures 59 and 60, along with the corresponding 

estimated outflows to Fountain Creek of high-TDS water (Table 7).  For the period 1984-1988, 

it appears that high outflows follow periods of rising cumulative departure from mean stream 

discharge, and that declining trends in outflow correspond with declining cumulative 

departure.  Before and during most of this period, Williams Canyon flows had been increasing 

(see Fig. 61).  In 2007, however, outflow of high-TDS water appears (from the two sets of 

measurements considered reliable) to have declined at a time when cumulative departure from 

mean stream discharge was rising (Fig. 60).  This may be because the cumulative departure 

from the annual mean for Williams Canyon inflows, which are presumably responsible for the 

highest groundwater heads because of the high elevation of the recharge reach, had been 

declining sharply since 1999 (see Fig. 61), and in fact had been zero in every year after 2001 

(see Fig. 42). 

These observations are only semi-quantitative, and no attempt was made to extend the 

relationship further by estimating the time-series of outflows from the aquifer, based on the 

streamflow record.   

Although the rate of inflow to the aquifer would presumably vary as a function of the 

groundwater head, it would not necessarily track the outflows directly because of the change in 

storage in the system. 

High-TDS waters rising along the two major fault zones appear to be similar in 

chemical quality except that they differ significantly in iron content, with flow related to the 

Ute Pass Fault Zone associated with high iron.  This point will be explored further in later 

sections. 

Other Drainages:  Ruxton Creek and Sutherland Creek (see Fig. 2) do not appear to 

contribute significantly to recharge of the Manitou Springs aquifer.  A seepage run, that is, a 

series of almost contemporaneous discharge measurements at several stations in a stream 

reach, to determine whether and where gain or loss is occurring, was made in each stream as a 

part of this study, and some paired measurements have been made by USGS in Ruxton Creek, 

above and below the outcrops of the aquifer (see database accompanying this report).  In no 

case did there appear to be a significant loss across the aquifer outcrop.  No other live streams 

appear to cross the outcrops. 
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Figure 59.  Graph showing cumulative departure from mean daily discharge, Fountain Creek near Colorado Springs,  
1984-1988, and estimated high-TDS outflow from aquifer in reach above Highway 24 bridge. 
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Figure 60.  Graph showing cumulative departure from mean daily discharge, Fountain Creek near Colorado Springs,  

2005-2009, and estimated high-TDS outflow from aquifer in reach above Highway 24 bridge. 
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Figure 61.  Graph showing cumulative departure from mean estimated annual basin yield, Williams Canyon, 1946-2009. 
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Cave of the Winds and Other Karst Features:  The Cave of the Winds and other 

cave systems lie above the water table, or intersect it (in at least one place), and would serve as 

conduits for recharge if significant amounts of water infiltrated above them.  This does not 

appear to be the case, however.  Several sinkholes are shown on Manitou Limestone outcrop 

on the geologic map (Fig. 2), and some were examined.  They are far above the water table, 

and have very small catchments.  There appears to be no evidence that they form recharge 

conduits to the Manitou Springs aquifer of any particular significance. 

Outflows 

 The preceding section describes the calculations of inflow to the aquifer, which are 

actually derived from measurements of discharge and chemical quality in Fountain Creek 

relating to outflow from the aquifer, and the assumption of mass-balance, that is, that inflow is 

equal to outflow plus change in storage.  Outflow from the aquifer includes the average of 103 

ac-ft/yr of high-TDS water estimated to enter the aquifer from deep circulation, described in 

the preceding section, and also an estimated average of 2,168 ac-ft/yr that enters the aquifer 

from shallow sources.  The discharges from wells and springs represent various combinations 

of these, and, except for very minor quantities, all ultimately appear in Fountain Creek.  This 

section will discuss the outflows in somewhat more detail. 

 Fountain Creek Gain:  The seven sets of reasonably reliable discharge measurements 

over about 14 years in Fountain Creek, between the outcrop of the Manitou Limestone and the 

Highway 24 bridge, corrected for side inflows from Ruxton Creek and assuming no other side 

inflows or diversions, show an average baseflow gain of 2,271 ac-ft/yr (see Table 7).  The 

measurements are very sparse, and the net gain ranges widely, from 724 to 5,796 ac-ft/yr.  The 

distribution of gains and losses do not appear to be seasonal, but the data are too sparse to 

establish a pattern.   

 At least two of the sets of measurements show losses from Fountain Creek within the 

reach, below the western part of the town.  These are not likely to reflect recharge to the 

Manitou Springs aquifer, because the head in the aquifer is many feet above the elevation of 

the stream, but probably represents inflow to the alluvium in the valley, which reappears 

downstream.  About 1,500 ft upstream of the Highway 24 bridge, the body of alluvium widens 

from roughly 100 ft as it is through the town, to around 1,000 ft, and some subflow in the 

alluvium is likely to be supported by seepage from Fountain Creek.   
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 Outflow through Wells and Springs:  The discharges from wells and springs are 

summarized in Table A1.  Probably all of the data for any particular time are incomplete, 

because of leakage, complex piping, conveyance to points of use, and the fact that no single 

study seems to have recognized all of the wells and springs that existed at the time.  The 

measurements by Luiszer (1997, plate 5) total 336.3 L/min (143 ac-ft/yr or 88.8 gpm), of 

which about 80 percent came from the Creighton well and 12 percent from the Ute Chief 

Gusher.  No flow was measured from the McClurg well.  Measurements by Mayo and Muller 

in June 1991 (Mayo and Muller, 1997) total 3.71 L/sec for seven wells and springs (the 

McClurg well was shut in), equivalent to 95 ac-ft/yr or 59 gpm.  Sixty-five percent of the flow 

was from the Creighton well.   

A partial set of pumping and flow measurements was made in March, 2010, by 

Barnhart Pump Co. as part of this study, leading to a total of  38.9 gpm, but the flows from the 

Creighton Well and several other privately owned discharges could not be measured and the 

Mansions No. 2 well was shut in.  Measurements of the Seven Minute Spring (1992 well) and 

the Creighton Well were made in November 2009, at 1.4 gpm (now known to represent less 

than the total flow) and 178 gpm (which may be in error), respectively.   

Regular measurements of the flow from the Stratton, Twin, and Seven Minute (1992 

well) springs have been made since June 2005, by the Mineral Springs Foundation, and these 

are summarized graphically as Figure 62.  The Barnhart measurements of March 2010 are also 

shown on the graph.  

 The estimated chloride flux in Fountain Creek, based on the seven sets of 

measurements summarized in Table 7, increases markedly between the upstream end of the 

reach and the Highway 24 bridge.  The smallest flux at the upper end of the reach was 

722 mg/sec, and the average increase in chloride-ion flux through the Manitou Springs reach, 

adjusted for Ruxton Creek inflows, was 2,479 mg/sec.  The total chloride flux related to 

discharge from wells and springs, in contrast, was 467 mg/sec as represented by Luiszer’s 

samples (1987, plate 5), and 309 mg/sec in Mayo and Muller’s 1991 samples (Mayo and 

Muller, 1997, table 1).  Both sets of samples included the Creighton well, which was not shut 

in until September 15, 2010. 
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Figure 62.  Hydrographs showing flows of Stratton, Twin, and Seven Minute Springs since June 2005, measured by Mineral 
Springs Foundation.  Flow measurements for other springs by Barnhart Pump Co. in March 2010 are also shown. 
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It would be expected that most of the increase in chloride flux in Fountain Creek would 

occur near the upstream end of the reach where the confining beds are thinner and where the 

natural springs (as distinguished from drilled wells) occur, and much of the chloride does 

appear above the El Paso Boulevard bridge (Fig. 58), but several of the sets of data also show 

a significant “step” in chloride flux between the El Paso Boulevard bridge and the Mayfair 

Avenue bridge downstream.  The thickness of the Fountain Formation confining beds is about 

442 ft in the McClurg well, and the rocks were described by Hershey (1979, p. 15) as “dry.”  

On the other hand, if there continues to be pressure in the well’s casing, which extends only to 

47 ft (24 ft below the bottom of the alluvium) in the McClurg well, as suggested by the 

observation that the well would still flow if opened, it seems possible that some leakage is 

occurring even though it is not visible at the surface.  

Water in Storage 

Only a part of the body of Manitou Springs aquifer lying west of the Rampart Range 

Fault contains groundwater.  The northern and western parts, above an elevation of about 

6,400 ft, may be above the water table and water would be present only as it passes downward 

toward the water table.  The area over which the aquifer is saturated is estimated at 2.8 square 

miles.  This area is likely to vary somewhat over time, depending on the groundwater head in 

the aquifer.  It is also likely that the head in the eastern part of the system is higher than 

6,400 ft, and thus that the saturated area of the aquifer is greater than this estimate. 

The amount of water stored in the Manitou Springs aquifer may be thought of in 

several ways.  One consideration is the actual volume of water contained in the void space 

within the aquifer, but this is certainly less important from a management point of view than 

the much smaller amounts of water that can ultimately be produced by pumping from wells 

(regardless of the sustainability of the pumping), or the still smaller amounts that can be 

produced by natural flow, or by pumping, while still preserving the artesian character of the 

aquifer and flows from springs.  

 The actual volume of water present in the aquifer can be estimated by multiplying the 

saturated volume of aquifer material by an appropriate value for porosity, and assuming that 

essentially all of the porosity is connected.  Luiszer (written communication, January 25, 

2010) made such a calculation for a small part of the aquifer based on a dye tracer study, 

which resulted in a minimum volume of 5,000 m3 (about 4 ac-ft) of water in a small part of the 

aquifer spanning the 0.33-mile distance between the point of the dye release in Williams 
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Canyon and Ute Chief Gusher.  To this would be added a much smaller amount represented by 

the compressibility of water and of the aquifer matrix, and applying the head of groundwater 

above the top of the aquifer.   

 For the present study, the gross saturated volume of the aquifer (not the water in it), 

that is, the volume of Manitou Limestone and associated beds that lies below the water table, 

assumed to be at about 6,400 ft, is estimated at 605,000 ac-ft.  This is the volume between the 

top of the Pikes Peak Granite, estimated at 57 ft below the bottom of the Manitou Limestone 

given by the contours of Figure 57, and a position about 100 ft above the top of the unit shown 

by the contours of Figure 56 (average total aquifer thickness of 342 ft), limited by the 

elevation of the water table. 

Estimates of the porosity and storage coefficient of fractured limestone can be found in 

the hydrogeologic literature, and values are typically a few percent.  A summary by Milanovic 

(1981, p. 50 et seq.), largely from European literature, gives a range of 0.79 to 6.07 percent for 

effective porosity, with most estimates lying between 2 and 5 percent.  Castany (LaMoreaux et 

al., 1984, p. 57) gives values ranging from 1 to 7 percent for the storage coefficient of “karstic 

fissured limestone,” and from 0.1 to 2.4 percent for “fissured limestone,” generally for 

Mesozoic rocks in Europe and North Africa.  A typical value of 3 percent will be assumed for 

the purposes of this report.  The volume of water calculated from the estimated saturated 

volume of the aquifer and the assumed porosity of 3 percent is thus about 18,000 ac-ft. 

 The volume of water that would be produced per unit area of the aquifer, per unit of 

drawdown, or reduction in pressure in the aquifer, is likely to be about 2 x 10-6 per foot of 

saturated thickness, representing the compressibility of the water and the aquifer matrix, or 

about 0.44 ac-ft per acre per foot of reduced head, for the area of the confined part of the 

Manitou Formation.  A uniform reduction in head of one foot throughout the aquifer would 

yield about 780 ac-ft.  The water table is present within the Manitou Limestone in a small area 

of the outcrop and immediately down-dip from it (see Fig. 2), and the volume of water that can 

be produced from the aquifer per unit of change in head is augmented by this release at the 

water table, governed by the specific yield of the aquifer, which is likely to be about the same 

as the gross porosity.  Of course, this hypothetical production of stored water would greatly 

exceed the rate of inflow, and if continued would soon lead to cessation of natural flow from 

the wells and springs.  
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WATER CHEMISTRY 

 All of the chemical-analysis data considered in this report are summarized in Table A1, 

and given in full in the database that accompanies the report.  The following sections deal with 

the quality of analytical data, conversion of historical data to modern units, the sources of 

carbon dioxide and dissolved solids, the mixing relationships of waters from different sources, 

calculations of mineral equilibria to predict which minerals would precipitate at the several 

springs, vertical variation in chemistry within the aquifer system, and changes in chemistry 

over time.  The final section under the WATER CHEMISTRY heading summarizes the 

geochemical conditions relating to each group of springs.  

Geochemistry Data Quality Analysis 

 Charge Balance Error:  Data sources for the geochemical analysis include the data 

gathered by JSAI as well as data from Luiszer (1997), Evans et al. (1986), Mayo and Muller 

(1997), the Mineral Springs Foundation, the U.S. Geological Survey (USGS), and others.  A 

charge-balance analysis was performed to provide a fundamental measure of the quality of all 

water chemistry data.  Charge-balance analysis is based on the principle that aqueous solutions 

are electrically neutral.  The total charge from positively charged chemical components 

(cations) should be almost exactly equal to the total charge from negatively charged chemical 

components (anions) (Gill and Ramsey, 1997): 

 
percent charge balance = [ ∑|cation charge| - ∑|anion charge| ] / [ ∑|cation charge| + ∑|anion charge| ] * 100 

 
 A charge imbalance of less than 5 percent is considered acceptable (Appelo and 

Postma, 1994).  All of the analyses of samples taken by JSAI are well within this margin.  

Some of the data gathered from published sources, however, are out of balance by as much as 

14 percent.  To prevent this inaccuracy from affecting the analysis, data out-of-balance by 

more than 5 percent, and incomplete data which could not be assessed for charge balance, 

probably should not be used.  On the other hand, this precaution would eliminate much of the 

historical information from use, and for the purposes of this report most of the analytical 

results were taken at face value.  The reliability of each of the analyses summarized in 

Table A1, in terms of charge-balance error, is indicated in the table. 
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 Gas-Analysis Data:  The analysis of gases in water from Seven Minute Spring (1992 

well), from Mayo and Muller (1997), appears to have been compromised by mixing with air.  

The nitrogen/argon ratio of their data is 82, very similar to the ratio in dry air, 83.  Analysis of 

gas from that same spring by Evans et al. (1986) yielded a nitrogen/argon ratio of 38.  

Differences in nitrogen, oxygen, and carbon dioxide content between the two analyses are also 

consistent with the conclusion that the sample of Mayo and Muller (1997) was compromised 

by air contamination.  The nitrogen, oxygen, and carbon dioxide content reported by Mayo and 

Muller (1997) are more like the composition of the atmosphere than the values reported by 

Evans et al. (1986).  Nitrogen and oxygen levels are also elevated in some of the other gas 

analyses they performed.  We cannot assess whether those samples were contaminated, 

however, because we do not have other analyses from the same springs for comparison. 

 Conversion of Historical Geochemistry Data:  Data from Professor Loew gathered 

in 1874 (Solly, 1882; see Cunningham, 1998) are included in the analysis of temporal 

variation in spring chemistry.  The data were originally published in terms of theoretical 

compounds (see Table 8, Columns A and B), and in units that are not conventional today.  To 

make a comparison with current results, therefore, the data were converted to the ions 

currently used to express aqueous chemistry, and today’s conventional units.  The data were 

first converted from parts per 100,000 to mg/L (essentially the same as parts per 1,000,000 for 

waters with a density very close to 1) by multiplying by 10.  The units for those compounds 

were then converted to values that represent the number of molecules present (millimoles, 

mM), rather than their mass, by multiplying by column C in Table 8.   

Next, the units were converted to mM of the ion of interest, column D of Table 8, by 

multiplying by the number of atoms of that ion in the formula (i.e., 1 for Fe in FeCO3 and 2 for 

Na in Na2CO3).  Finally, mM of each ion were converted to mg/L by multiplying by column E 

of Table 8.  No conversion was necessary for silica because it is still expressed as SiO2 to this 

day.  Bicarbonate concentrations were estimated by subtracting the sum of measured solutes 

(Cl-, SO4
2-, Ca2+, Fe2+, Mg2+, K+, SiO2, Na+, and Li+) from the reported total of solid 

constituents, which is equivalent to TDS. 
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Table 8.  Conversion factors for converting theoretical compounds reported  
in historical water analyses to ion concentrations in mg/L 

 

A B C D E 

theoretical compound formula formula ion ion 

  g/mole  g/mole 

carbonate of soda Na2CO3 105.99 Na+ 22.99 

   CO3
2- 60.01 

bicarbonate of soda NaHCO3 84.01 HCO3
- 61.02 

carbonate of lithia Li2CO3 73.89 Li+ 6.94 

carbonate of lime CaCO3 100.09 Ca2+ 40.08 

carbonate of magnesia MgCO3 84.32 Mg2+ 24.31 

carbonate of iron FeCO3 115.86 Fe2+ 55.85 

sulfate of potassium K2SO4 174.26 K+ 39.1 

sulfate of soda Na2SO4 142.04 SO4
2- 96.06 

chloride of sodium NaCl 58.44 Cl- 35.45 
 

 

 The methods used to analyze these samples in 1874 are not known, other than that they 

were different from methods typically employed today.  For that reason, there is no indication 

of either the accuracy or the precision of these analyses.  Estimates of bicarbonate 

concentration, in particular, may have the largest degree of uncertainty.  Total dissolved solids 

(TDS) content was likely determined by drying the samples at a specific temperature (110 to 

180°C) during which time some mass can be lost (Hem, 1965).  The bicarbonate concentration 

calculated by difference, assuming that the TDS is correct, therefore, may be an under-

estimate.  Conversely, solutes not included in the specific chemical analysis likely contribute 

mass to the TDS content, potentially leading to an overestimate.  Despite these uncertainties, 

comparing the data with those of more recent analyses still provides a useful insight as to the 

changes in the chemistry of the water from the springs. 

 Shedd (1913, pp. 242-243) presents some analyses that do not appear elsewhere, and 

which are expressed in grains per pint of theoretical compounds.  These were converted to 

concentrations in mg/L as described above, making the appropriate correction for volume.  

The same caveats mentioned in the paragraph above also apply. 
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 The water analyses given by George et al. (1920, pp. 353-367) present somewhat 

different problems.  The concentrations are presented as milligrams per liter, today’s units, but 

as with Loew’s analyses, the precision of the analytical methods is not known.  The George 

analyses are accompanied by the corresponding “reacting values,” for the major ions only, and 

these reacting values total 100 percent in all cases.  This suggests that charge-balance errors 

were redistributed to achieve balance, so that the actual analytical results may have been 

adjusted before they were presented in published form. 

 Two analyses, for the original Mansions No. 1 and Seven Minute No. 1 wells, are given 

in what appears to be a retyped newspaper article of June, 1910 (Ernest, 1910) in the report titled 

Seven Minute Spring Historic Data, presumably prepared by the Mineral Springs Foundation 

and found in the State Engineer files for Permit No. 166837 (Seven Minute).  These analyses are 

reported in terms of hypothetical compounds, some of which do not exist in nature: the 

bicarbonates (rather than the carbonates) of lithium, calcium, magnesium, and iron.  In 

converting these to concentrations of ions, it was assumed that “carbonate” was intended in each 

case.  These analyses, although they are included in Table A1, should be considered suspect. 

Carbon Dioxide Source 

 One of the most intriguing geochemical aspects of Manitou Springs is the carbon 

dioxide content of the gas emanating at the springs.  The gas, at least in some cases, is 

composed almost entirely of carbon dioxide, a characteristic not typical of low-temperature 

aquifers.  By volume, the carbon dioxide content of gas at the springs ranges up to nearly 99 

percent, based upon values reported by Evans et al. (1986) and Mayo and Muller (1997).  In 

contrast, shallow groundwater containing dissolved gas originating from the atmosphere or 

soil gas typically has less than 1 percent by volume carbon dioxide (Newell et al., 2005). 

 The concentrations of carbon dioxide in waters from the springs are shown in 

Table A1.  These concentrations, from Luiszer (1997) and for the samples taken for the present 

study, were determined in two ways.  Luiszer measured carbon dioxide concentrations in mg/L 

using an ion-selective electrode, but because of the danger of air contamination, it was decided 

for this study to calculate the concentrations in mg/kg using the method described by Crossey 

et al. (2009). 
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Carbon dioxide concentrations are remarkably similar in all of the well and spring 

waters, except for the Garrison House well(?) and Hiawatha Spring (see Table A1).  The range 

of calculated values based on analyses for this project (excluding Garrison House and 

Hiawatha) is 1,180 mg/kg to 4,176 mg/kg);  Luiszer (1997, table 3) determined CO2  

concentration for many, but not all of the same sources, with a range of 1,300 to 3,930 mg/L 

(essentially equivalent to mg/kg for waters with density near 1.0).  Carbon dioxide 

concentrations are not closely related to location.   

 Table A1 also gives values for PCO2, the pressure necessary to maintain the carbon 

dioxide in solution.  If PCO2 is greater than the total atmospheric pressure, the spring water 

would likely effervesce CO2.  If PCO2 is less than the total atmospheric pressure but greater 

than the PCO2 of the atmosphere (1.013 bars at sea level, or 0.81 bar at 6,000 ft elevation), the 

water would still lose CO2 to the atmosphere, although it would not effervesce.  All of the 

waters contain significant concentrations of CO2, and in only a few cases (Twin, Ute Chief, 

Garrison House and Hiawatha) is the theoretical pressure required to maintain the gas in 

solution significantly less than atmospheric pressure. 

 Previous studies concluded that in situ carbon dioxide sources, such as organic matter 

oxidation or carbonate dissolution, cannot account for all of the carbon dioxide that is present, 

based upon the abundance and isotopic composition of the carbon dioxide (Luiszer, 1997; 

Mayo and Muller, 1997).  Instead, a significant portion of the carbon dioxide likely originates 

at depth and migrates to the Manitou Springs aquifer along major faults in the area, such as the 

Rampart Range and Ute Pass Fault Zones (Luiszer, 1997; Mayo and Muller, 1997).   

 Helium Isotope Evidence:  Helium isotopic evidence suggests that some of this 

carbon dioxide originates from the Earth’s mantle.  There are two stable isotopes of helium, 

helium-3 (3He) and helium-4 (4He).  The mantle is considerably enriched in 3He, which was 

trapped in the mantle during formation of the Earth.  In the overlying crust, most of the 

original 3He has escaped because the crust has been reworked over geologic time.  Instead, 

helium in the crust is primarily composed of 4He, the helium produced largely by radioactive 

decay of uranium and thorium.  Reflecting these helium isotope distributions, helium escaping 

from mid-ocean ridges, a region of mantle melting, has a 3He/4He ratio larger than the 3He/4He 

ratio of air by a factor of 8 +/- 1 [RA =  8 +/- 1 = 3He/4He(sample)/
3He/4He(air)] (Graham, 2002).  
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 In contrast, helium originating in the crust is characterized by 3He/4He ratios of about 

0.02 RA (Andrews, 1985).  Helium with RA values exceeding the upper limit of crustal rocks, 

about 0.1 RA, is considered to contain a significant mantle component (Ballentine and 

Burnard, 2002).  The helium isotope value determined by Mayo and Muller (1997) at the 

McClurg well was 1.92, significantly above the 0.1 RA threshold.  In fact, this is the second 

highest value yet observed in the Colorado Plateau region (Laura Crossey, University of New 

Mexico, personal communication).   

 A sample was collected from the Iron Geyser on February 2, 2010, as part of this 

project, and analyzed by the University of Syracuse.  The 3He/4He ratio is reported as 0.414 

(K. Karlstrom, University of New Mexico, personal communication), as shown in Table 9. 

 These values demonstrate that a portion of the helium emanating at the springs came 

from the mantle.  Considering that mantle helium is strongly associated with elevated levels of 

carbon dioxide in volcanic centers across the western U.S. (e.g. Craig et al., 1978; Kennedy et 

al., 1987, 2002; Welhan et al., 1988), it is reasonable to assume that a portion of the carbon 

dioxide emanating at Manitou Springs likely also originated in the mantle. 

 

Table 9. Results of helium isotope analysis for water sampled from Iron Geyser 
(LC10-CO-MANT-1A) on January 29, 2010 

 

parameter units value 

4He cc/kg 1,086 

Ne cc/kg 725 

N2 cc/kg 16.82 

Ar cc/kg 0.21 

Total CO2 cc/kg 425.5 

methane cc/kg 0.10 

(3He/4He)/(3He/4He)air - 0.508 

(He/Ne)/(He/Ne)sol - 6.24 

(3He/4He)cor/(
3He/4He)air - 0.414 

CO2/
3He x 10-9 815 

13C 0/00 -6.6 
4He = helium-4 isotope Ar = argon 
3He = helium-3 isotope CO2  = carbon dioxide 
Ne = neon 13C = carbon-13 isotope  
N2 = molecular nitrogen   
  



JSAI  134 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

 A number of recent studies have interpreted a mantle source for carbon dioxide based 

on helium isotope data in low-temperature springs (e.g., Siegel et al., 2004; Newell et al., 

2005; Crossey et al., 2006, 2009).  Additional lines of evidence that support this interpretation 

include the isotopic composition of the carbon in the carbon dioxide, and the nitrogen, argon, 

and helium content of the gas.  The isotopic composition of the carbon in the carbon dioxide 

examined in these studies was comparable to the range of values observed for mantle carbon 

dioxide (δ13C = -6 +/- 3 per mil (‰)).  The observed proportion of nitrogen, argon, and 

helium in the gas, a measure of source tectonic setting, trended from values characteristic of 

air-saturated groundwater toward values typical of mantle and crustal volatiles.  Although 

these lines of evidence are less definitive than the helium isotope data, collectively the data 

present a compelling argument for a contribution of carbon dioxide from the mantle. 

 In keeping with these studies, carbon isotope and gas-composition data collected at 

Manitou Springs are consistent with a mantle component.  Mayo and Muller (1997) and 

Luiszer (1997) reported δ13C values for carbon dioxide ranging from -2.8 to -5.1‰ and the 

gas composition reported in Evans et al. (1986) is consistent with mantle/crustal values (see 

fig 2 in Newell et al (2005).  All of the available data, therefore, suggest that mantle de-gassing 

has contributed carbon dioxide to the groundwater at Manitou Springs.   

 Quantification of Carbon Dioxide Sources:  In addition to carbon dioxide derived 

from the mantle, other sources of carbon dioxide are also important in the aquifer system.  In 

fact, they are likely more important volumetrically than mantle carbon dioxide.  The sources of 

carbon dioxide in the aquifer were quantified by following the analysis described by Crossey et 

al. (2009).  For most of the chemical analyses, it was possible to quantify only the proportion of 

bicarbonate that could not have been produced by dissolution of dolomite and calcite within the 

aquifer system, because requisite isotope data are lacking.  Dissolution of these minerals 

produced bicarbonate as described in the following chemical equation: 

  
CO2 + H2O + (Cax,Mg1-x)CO3  XCa2+ + (1-X)Mg2+ + 2HCO3

- 
 
 The amount of bicarbonate produced from this reaction, therefore, can be estimated 

from the calcium and magnesium content of the water.  Based on the assumption that gypsum 

(CaSO4·2H2O) or anhydrite (CaSO4) dissolution also contributes calcium to the water, calcium 

concentration is adjusted in this analysis by subtracting sulfate content.  The bicarbonate that 

cannot be accounted for by dissolution of calcite and dolomite must have been produced 

externally, either at depth or from organic-matter oxidation near the surface.  
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 The results collected by JSAI show that external carbon accounts for an average of 68 

percent of the bicarbonate in the aquifer.  Percent external carbon was highest on average in 

the Iron Springs, ranging between 71 and 92 percent, and lowest in the Western Springs, 

ranging from 54 to 62 percent (Table 10).  

 Isotopic data in Mayo and Muller (1997) for the McClurg well allowed further 

examination of the source of carbon dioxide.  The proportion of carbon originating outside of 

the aquifer for this sampling site is estimated to be about 56 percent, following the calculation 

described above.  The estimated proportions of organic carbon and deeply-sourced carbon 

accounting for this external carbon use the assumptions employed by Crossey et al. (2009) 

regarding the isotopic composition of deeply sourced carbon dioxide and organic matter.  The 

results indicate that about 21 percent of the external carbon originates from organic matter 

oxidation and 79 percent originates at depth. 

 

Table 10.  External carbon as a percentage of bicarbonate  
concentration in waters from wells and springs 

 

group spring or well 
HCO3, 
mole/L 

C-external, 
mole/L 

C-external 
as a percent 

of HCO3 

Mansions Spring 2 (pavilion, well) 0.026 0.018 71 

Iron Geyser Spring (well) 0.024 0.021 87 Iron Springs 

Big Chief Spring 0.022 0.020 92 

Shoshone Spring 0.042 0.030 70 

Navajo Spring 0.038 0.026 69 

Soda (Manitou) Spring 0.040 0.028 70 

Cheyenne Spring 0.040 0.027 68 

Wheeler Spring (well) 0.040 0.028 71 

Stratton Spring (well) 0.032 0.022 68 

Navajo Geyser (well) 0.042 0.029 70 

Downtown 
Springs 

Twin Spring (well) 0.026 0.015 59 

Creighton, Shady Dell Well 0.016 0.010 60 

Magnetic Spring, Well 0.034 0.021 62 

Gusher (Ute Chief Gusher) Wells 0.018 0.010 56 

Western 
Springs 

Ute Chief Spring 0.013 0.007 54 
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 Using the helium isotope data for this well (Mayo, A.L., and Muller, A.B., 1997, it was 

possible to estimate the proportion of helium contributed by the crust and the mantle using a 

simple two-component model with end-member values corresponding to 8 RA (mid-ocean 

ridge) and 0.02 RA (crust).  This calculation indicates that 76 percent of the helium originated 

in the crust and 24 percent originated in the mantle.  If the proportion of carbon in the aquifer 

is consistent with these proportions, then 76 percent of the deeply-sourced carbon originates at 

depth within the crust and 24 percent of the deeply-sourced carbon comes from the mantle.   

Salinity Source 

 Solutes:  The salinity of groundwater and surface water in the Manitou Springs aquifer 

system varies significantly.  Total dissolved solids (TDS) content ranges from 124 mg/L in 

Fountain Creek to 5,445 mg/L in water from the McClurg well.  Streams in the area invariably 

have lower TDS than the groundwater.  Groundwater salinity is lowest in the springs near the 

western portion of the aquifer system (e.g., near Ute Chief) and appears to increase eastward.  

A strong linear correlation (r2 > 0.7) between TDS and chloride, bromide, fluoride, sulfate, 

bicarbonate, calcium, magnesium, manganese, sodium, and lithium in the dataset demonstrates 

that the high-TDS water is characterized by elevated concentrations of these chemical 

components. 

 Like carbon dioxide and helium, some of these solutes may be derived from mantle 

degassing.  In addition to carbon dioxide and helium, other volatiles that are often associated 

with mantle degassing include sulfur dioxide, hydrogen sulfide, and hydrochloric acid gas.  

These gases could account for the association of TDS with sulfate and chloride by migrating 

upward along the major faults in the area and reacting with groundwater in the aquifer and 

with the aquifer itself.  Indeed sulfate and chloride concentrations are commonly elevated in 

spring water with traces of mantle helium (Newell et al., 2005).  This possibility would be 

consistent with the observation that the isotopic composition of water in the aquifer, and its 

temperature, demonstrate that it is primarily meteoric in origin (Mayo and Muller, 1997).   

 In addition to a gas phase, or perhaps alternatively, a water phase appears to be 

entering the aquifer from depth.  Silica, lithium, and sodium are abundant in many of the high-

TDS groundwater samples.  These chemical components are unlikely to partition into a gas 

phase in the crust and are not abundant in the aquifer.  Stable isotope analyses indicate that 
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meteoric water can circulate deeply in the crust (> 15 km) (Nesbitt and Muehlenbachs, 1989).  

The water transporting these solutes to the Manitou Springs aquifer, therefore, could be 

meteoric water that has circulated deeply.  Mantle volatiles may also be dissolved in this 

water, eliminating the need for a gas phase to enter the aquifer at all. 

 Our interpretation for the source of saline water in the aquifer does not imply that all of 

the solutes are derived from mantle degassing.  Instead, some of them, particularly those that 

are not typically associated with a gas phase in the crust, such as silica, likely originate from 

high-temperature water-rock interaction at depth, as was also interpreted by Luiszer (1997).  In 

other words, the high-TDS component of the spring waters appears to be a geothermal water 

that has cooled.  Hot water is very effective at dissolving ionic crystalline solids and 

transporting solutes away from mineral grains (Webster and Nordstrom, 2003).  Experiments 

undertaken with a variety of rock types have shown that chloride, fluoride, and lithium solutes 

that characterize the high-TDS water at Manitou, can be rapidly leached into solution by hot 

water (Webster and Nordstrom, 2003).  

 Geothermometry Calculation:  JSAI used principles of geothermometry to estimate 

the temperature at which the water last equilibrated with minerals in the subsurface, an 

indication of how hot the high-TDS water was before it entered the Manitou Springs aquifer 

system.  The calculation was performed using the React module of the Geochemists 

Workbench software package, version 7.0.6 (Bethke, 2007).   

 Unlike many other geothermometers in widespread use, such as the silica geother-

mometer of Fournier and Rowe (1966) and the sodium-potassium-calcium geothermometer of 

Fournier and Truesdell (1973), the calculation performed for this study utilizes the entire 

chemical analysis rather than just a portion of it, and avoids assumptions as to which minerals 

were present and whether the fluid has been altered by separation of a gas phase (Bethke, 

1996).  The data gathered by JSAI for Iron Geyser was used in the calculation because this 

spring has the highest silica content.  Elevated silica concentration is commonly associated 

with high-temperature water-rock interaction.   

 The results of the calculation are consistent with deep circulation.  The water from Iron 

Geyser appears to have last equilibrated with quartz minerals at a temperature between 70 and 

120°C. If the deeply-sourced water sampled at Iron Geyser is actually diluted to some degree 

by fresh meteoric water, as is probably the case, this temperature range would increase by a 

factor proportional to that dilution. 
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Groundwater Mixing 

 General:  The distribution of salinity in the Manitou Springs aquifer system reflects 

mixing between the deeply-sourced fluid(s) with elevated TDS described above, and dilute 

meteoric water primarily derived from the streams.  Variation in the chloride-bromide mass ratio 

(Cl-/Br-) of samples was used to examine this mixing.  Chloride-bromide ratios are often used as 

a tracer of water source and mixing because (1) chloride and bromide participate little in 

chemical reactions in the environment, (2) Cl-/Br- ratios are not affected by evaporation, and 

(3) significant variation in Cl-/Br- ratios can occur between water sources (Davis et al., 1998).  

Sharp differences in Cl-/Br- often exist between meteoric water, shallow groundwater, sewage, 

hydrothermal waters, and water that has encountered evaporite deposits (Davis et al., 1998).  

Variation in the Cl-/Br- ratio of water in the Manitou Springs aquifer system is consistent 

with multiple sources of water entering the aquifer.  The Cl-/Br- ratio of water varies, ranging 

from about 60 to 225 in the data collected by JSAI, and still more broadly based on data 

collected by Luiszer (1997).  If only one source of water were present, the Cl-/Br- ratio would 

vary little.  The relationship between Cl-/Br- ratios and TDS demonstrates that the saline water 

entering the aquifer also has the highest Cl-/Br- ratio.  Analysis of the relationship between TDS 

and Cl-/Br- ratios using Spearman’s rank correlation test, a measure of relatedness that does not 

assume that the relationship is linear, demonstrates that there is a strong positive correlation 

between the two variables (r2 = 0.81).  The distribution of salinity in the aquifer, therefore, 

reflects mixing between deeply sourced water with a relatively high TDS and Cl-/Br- ratio and 

water with a low TDS and Cl-/Br- ratio. 

The strong linear relationship between chloride and bromide in the JSAI dataset (r2 = 0.98) 

indicates that mixing can be largely described by mixing between two end-members (Faure, 1998) 

(Fig. 63).  This is further suggested by the Piper diagram of JSAI data, which looks more broadly 

at composition of water in the aquifer system (Fig. 64).  Two-component mixing is strongly 

suggested where water compositions plot along a straight line (Drever, 1997), as is largely the case 

with the JSAI data.  A two-component model was created using data from Shoshone spring 

collected by JSAI and Huccacove Cave collected by Luiszer (1997) as end member compositions.  

With the exception of the Huccacove Cave water, only analyses obtained by JSAI were used in the 

mixing analysis.  Highly accurate chloride and bromide concentrations are necessary for this 

analysis because small errors are magnified in the Cl-/Br- ratio.  This is particularly true for 

bromide, an ion found at relatively low concentration.  An exception was made for the Huccacove 

Cave data of Luiszer (1997) because the JSAI data did not include a suitable low-salinity end-

member and the data reported for this location are well balanced.  The Shoshone spring water was 

chosen as the high salinity end-member because it has the highest Cl-/Br- ratio in the dataset.  This 

water also had the highest temperature, reflecting its origin from depth. 
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Figure 63.  Graph showing chloride-bromide relationship.   
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Figure 64.  Piper diagram showing hydrogeochemical classification of spring and artesian  
well water sampled April 1987 (Luiszer, 1997) and November 2009 (JSAI, this 
study), Manitou Springs, Colorado. 
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The model simulates variation in chloride, bromide, sodium, potassium, and lithium 

well.  These elements behave relatively conservatively (i.e., they are fairly unreactive 

elements).  This agreement strongly supports our interpretation that the distribution of salinity 

in the aquifer primarily reflects mixing between a high TDS, Cl-/Br- ratio water and low TDS, 

Cl-/Br- ratio water.  The model also shows that evaporation, which moves the concentration of 

conservative solute away from the mixing line, has had relatively little influence on the 

groundwater chemistry in the aquifer. 

The mixing model poorly simulates variation in calcium, magnesium, iron, manganese, 

bicarbonate, fluoride, silica, and sulfate concentration.  This result suggests that more than two 

end-members are volumetrically significant, as was interpreted by Luiszer (1997).  Differences 

in the chemistry of water from, for example, Iron Geyser and Stratton Spring, suggest that this 

may indeed be the case.  Although the water at these locations has nearly identical chloride 

and bromide content, the basis of the mixing model, Stratton Spring water has considerably 

lower silica and fluoride content and higher levels of calcium, magnesium, and bicarbonate 

than Iron Geyser water.   

Instead of multiple deeply-sourced end-members, however, these differences may be 

caused by geochemical reactions that have affected a single deeply-sourced fluid to varying 

degrees.  Perhaps most importantly, the waters do not appear to have reacted with carbonate 

bedrock equally.  Saturation-state calculations indicate that calcite (CaCO3) and dolomite 

(CaMg(CO3)2) are undersaturated in Iron Geyser water and supersaturated in Stratton Spring 

water.  This topic will be developed further under the heading Mineral Equilibria: 

Prediction of Mineral Precipitates, below and Table 11.  This result implies that the water in 

Stratton Spring has fairly recently equilibrated with carbonate bedrock while water from the 

Iron Geyser has not, a difference that is consistent with the bedrock hosting these springs.  

Concurrent with carbonate mineral dissolution, furthermore, other geochemical reactions are 

also possible that could contribute to changes independent of groundwater mixing.  This 

hypothesis is examined in more detail below.  
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Table 11.  Mineral saturation indices for waters from springs and wells at Manitou Springs, based on samples taken by JSAI in 2009. 

Saturation index greater than zero means that saturation conditions are favorable for mineral to precipitate. 
 

mineral quartz 
tridy-
mite 

chal-
cedony 

cristo-
balite 

fluorite calcite dolomite hematite goethite siderite pyrolusite
rhodo-
chrosite

composition SiO2 SiO2 SiO2 SiO2 CaF2 CaCO3 CaMg(CO3)2 Fe2O3 HFeO2 FeCO3 MnO2 MnCO3 
spring  
or well 

Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K) Log(Q/K)

Big Chief 1.3652 1.1826 1.0774 0.7745 1.0815 -0.8024 -1.4231 10.8333 4.9646 < -3.0 5.3246 -1.2831 

Cheyenne 0.9928 0.8185 0.7131 0.4215 0.8759 0.2752 0.9947 Fe bdl Fe bdl Fe bdl 6.0646 -0.3623 

Creighton 0.7072 0.5295 0.4242 0.1278 0.6084 -0.4127 -0.392 Fe bdl Fe bdl Fe bdl 4.1154 -2.7782 

Gusher 0.6935 0.5178 0.4124 0.1188 0.5531 -0.1989 -0.0033 Fe bdl Fe bdl Fe bdl 4.5272 -2.2634 

Iron Geyser 1.3715 1.1915 1.0863 0.7868 1.0157 -0.4743 -0.6811 14.3085 6.6984 0.0187 < -3.0 -0.9766 

Magnetic 0.7776 0.5999 0.4946 0.1982 0.5404 0.194 0.7322 Fe bdl Fe bdl Fe bdl 4.4976 -2.0404 

Mansions 0.8538 0.6759 0.5706 0.2741 0.568 -0.2902 -0.1425 Fe bdl Fe bdl Fe bdl 4.5341 -1.9282 

Navajo Geyser 1.0425 0.8683 0.7629 0.4715 1.0122 0.489 1.3342 7.949 3.5097 -1.1231 < -3.0 0.1384 

Navajo Spring 1.0013 0.8271 0.7217 0.4303 0.7659 0.2834 0.9901 Fe bdl Fe bdl Fe bdl 6.1954 -0.6175 

Shoshone 0.9417 0.773 0.6674 0.3834 0.9177 0.6753 1.7126 Fe bdl Fe bdl Fe bdl 7.2883 0.2953 

Soda 1.0107 0.8361 0.7307 0.4386 0.8756 0.4882 1.2961 Fe bdl Fe bdl Fe bdl 6.5668 -0.1784 

Stratton 0.9562 0.78 0.6747 0.3805 0.8175 0.0834 0.5452 Fe bdl Fe bdl Fe bdl 5.48 -1.0251 

Twin 0.6348 0.4597 0.3543 0.0615 0.4033 0.31 1.1946 Fe bdl Fe bdl Fe bdl 4.2296 < -3.0 

Ute Chief 0.7206 0.5433 0.438 0.1424 0.7452 -0.4706 -0.6164 Fe bdl Fe bdl Fe bdl 3.9668 < -3.0 

Wheeler 0.9113 0.742 0.6364 0.3517 0.7729 0.6312 1.6035 11.9541 5.5044 < -3.0 6.6703 0.0082 
bdl = below detection limit 
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Mineral Equilibrium Reaction-Path Model:  To test the hypothesis that differences in 

chemistry may be caused by reactions that have affected a single deep fluid, we performed 

another geochemical modeling calculation with the Geochemists Workbench software (Bethke, 

2007).  The geochemical-reaction model starts with a solution that represents Iron Geyser water 

and predicts changes that would occur if that water equilibrated with dolomite.  Because the 

solution is undersaturated with respect to dolomite, dolomite dissolves during the calculation 

until dissolution is no longer favorable (i.e., the mineral is saturated in the solution).  Mineral 

precipitation is also allowed to occur for minerals that are supersaturated in the solution either as 

a result of reacting with dolomite or independently.  If the water composition that is produced is 

comparable with the water from Stratton Spring, then the calculation supports the hypothesis that 

a single, deep-sourced water discharges into the aquifer. 

The solution used to represent the Iron Geyser water in the model was identical to the 

chemical analysis for Iron Geyser obtained by JSAI, except the pH was slightly lower at 5.7 

rather than the measured value 5.9.  This adjustment was made to account for the pH increase 

that accompanies loss of carbon dioxide from solution.  The calculated carbon dioxide content 

of Iron Geyser water exceeds the total pressure of the atmosphere, indicating that it effervesces 

carbon dioxide (Table A1).  The same water discharging into the carbonate aquifer below 

Manitou Springs would be better able to retain its carbon dioxide because the pressure within 

that formation would be higher than the pressure at the surface.  The pH of that water, 

therefore, is probably slightly lower than that in Iron Geyser.  In addition to reacting with 

dolomite, the temperature of the solution increased from 10.4°C, the temperature measured by 

JSAI at Iron Geyser, to 14.2°C, the temperature of water measured at Stratton Spring, during 

the calculation. 

The model predicts that, per liter, the water at Iron Geyser would reach dolomite 

saturation by dissolving about 0.4 g of dolomite.  As a result, the magnesium, calcium, and 

bicarbonate concentration of the solution increased.  The model also predicts a decrease in 

fluoride, iron, and silica concentration as a result of precipitation of fluorite (CaF2), siderite 

(FeCO3), and cristobalite (solid SiO2).  The effects that these reactions have on the composition 

of the solution are all consistent with the differences observed between Iron Geyser and Stratton 

Spring water, providing compelling evidence that the hypothesis is correct; a single deeply-

sourced fluid end-member is present, not two as has been previously interpreted. 
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The predicted bicarbonate concentration and magnesium concentration are nearly 

identical to those observed in Stratton Spring.  The predicted calcium content is slightly lower, 

likely reflecting mineralogy differences in the model system and the carbonate aquifer.  In 

addition to dolomite, calcite is also present in the aquifer.  Substitution of calcite for a portion 

of the dolomite would cause the increase in calcium content to be greater.  We did not attempt 

to vary calcite and dolomite proportions in our calculation, however, because the proportion of 

these minerals in the aquifer and how this varies spatially is unclear.  Our model serves its 

purpose of showing the effect of carbonate dissolution on Iron Geyser water regardless.   

Fluoride and silica concentrations predicted by the model are lower than observed in 

Stratton Spring water because the model overestimates precipitation of fluorite and cristobalite.  

This result likely occurs because the model does not account for the kinetics of mineral 

precipitation.  Instead, it assumes that these minerals instantly precipitate to saturation.  For 

some geochemical reactions, this is possible.  Other reactions typically occur more slowly, 

however.  Silica precipitation in the environment is a widely observed example of this 

phenomenon.  Supersaturation of both fluorite and cristobalite in Stratton Spring water 

(Table 11) is consistent with this interpretation.  Although differences in the amount of fluoride 

and silica in Stratton Spring and Iron Geyser indicate that some precipitation of fluoride and 

silica has occurred since the deeply-sourced water entered the carbonate aquifer, apparently 

insufficient time has passed for precipitation to lower the level of these solutes down to values 

consistent with saturation.  Their formation remains favorable in Stratton Spring water. 

Our explanation for variation in silica concentration implies that the water in Stratton 

Spring is a somewhat older version of the water in Iron Geyser.  This assertion is consistent 

with the configuration of the system.  Whereas deeply-sourced water discharges directly from 

granite at Iron Geyser, the water at Stratton Spring passes from the granite into the overlying 

layers of sedimentary rocks.  It is reasonable, therefore, that the water at Stratton Spring has a 

longer subsurface residence time than the water at Iron Geyser. 

 Despite precipitation of siderite, the iron concentration that the model predicts is higher 

than that present in Stratton Spring.  Siderite precipitation alone, therefore, cannot explain 

variation in iron concentration between the two springs.  In addition to siderite precipitation, 

iron oxidation likely also occurs in the aquifer.  Discussed in detail below, this process is not 

simulated in our modeling calculation. 
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Controls on Iron and Manganese Concentration 

 Although siderite precipitation may affect the distribution of iron in the Manitou 

Springs aquifer, iron oxidation likely has a greater influence.  Reduced iron (Fe(II)) is the 

primary form of iron that can be dissolved in water with near-neutral pH (i.e., pH near 7.0).  

Oxidized iron (Fe(III)), the other naturally occurring form of iron near the Earth’s surface, 

precipitates from solution as oxide or oxyhydroxide solids under these pH conditions.  Nearly 

all of the iron present in Iron Geyser and other springs with elevated iron content, therefore, is 

Fe(II).  This form of iron is very reactive; when exposed to oxygen or nitrate, Fe(II) iron can 

be very quickly oxidized to ferric iron (Fe(III)) through both biological and abiological 

pathways and ultimately precipitated from solution (Emerson, 2000).  The following chemical 

equation provides an example of the net reaction between oxygen and Fe(II): 

 
4 Fe(II) + O2 + 10 H2O  4 Fe(OH)3(solid) + 8 H+ 

 
The equation lists ferric hydroxide as the product Fe(III) solid but numerous iron oxide and 

oxyhydroxide minerals could ultimately form, including hematite (Fe2O3), goeithite (FeOOH), 

and limonite (FeOOH·nH2O).  This reaction occurs where Iron Geyser, Ouray Spring, Big Chief 

Spring, Little Chief Spring, Navajo Geyser, and Mansions Spring discharge, as evidenced by the 

presence of iron oxides forming on font surfaces.  This reaction likely also occurs in the 

subsurface where oxygen and nitrate are transported into the aquifer by recharge.  Indeed, 

significant sources of nitrate are present in the study area and the dissolved oxygen content of 

Fountain Creek and its tributaries approaches saturation levels (Luiszer, 1997).  We argue, 

therefore, that oxygen and nitrate delivered to the carbonate aquifer by recharge water causes the 

iron concentration to be low in some water before it discharges at the surface.  The observed 

presence of iron oxide/oxyhydroxide minerals in the subsurface below Manitou Springs supports 

this interpretation (see Table 6, limonite staining of cuttings in the McClurg Well). 

 This interpretation implies that iron concentration is more likely to be lower in springs 

discharging from the carbonate aquifer than those discharging from the granite.  Calcite and 

dolomite dissolution in the carbonate aquifer would favor precipitation of siderite, which 

serves to lower iron concentration.  The extended subsurface residence of the deeply-sourced 

water in the carbonate aquifer compared to the granite, furthermore, increases the probability 

that Fe(II) oxidation can occur before the water can discharge. 
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 The distribution of manganese in the aquifer likely reflects similar geochemical 

processes as those controlling iron.  The behavior of iron and manganese in the environment is 

strikingly similar.  Reduced manganese, for example, is mobile at near-neutral pH while 

oxidized manganese precipitates from solution as an oxide mineral such as manganite 

(MnOOH) and pyrolusite (MnO2).  Manganese oxidation, a reaction that occurs less readily 

than iron oxidation, likely accounts for some variation in manganese content.  Reduced 

manganese can also form a carbonate mineral, rhodochrosite (MnCO3) and indeed some of the 

springs are saturated with respect to rhodochrosite (Table 11).  In addition to Mn(II) oxidation, 

therefore, rhodochrosite formation may also explain some of the variation in manganese.   

 An important side-effect of Fe(II) and Mn(II) oxidation, formation of metal oxides and 

oxyhydroxides may maintain low arsenic concentration throughout much of the aquifer 

system.  Arsenic is a trace element commonly found at elevated levels in mineralized 

geothermal waters (Webster and Nordstrom, 2003).  Arsenic levels reported by Luiszer (1997) 

exceed the standard for drinking water (10 µg/L) in some of the springs.  Arsenic 

concentrations are especially elevated in the springs that had the highest iron concentration 

when Luiszer (1997) collected samples (Ouray and Iron Geyser).  This relationship indicates 

that formation of metal oxides and oxyhydroxides may hold arsenic concentration low in other 

parts of the aquifer.  These minerals have extremely large surface areas that can adsorb 

appreciable quantities of arsenic (Smedley and Kinniburgh, 2002).  If iron oxidation were not 

occurring in the aquifer, arsenic concentration might be uniformly high. 

Controls on Calcium Carbonate Precipitation 

 Travertine formation occurs where Cheyenne, Soda, Navajo, Shoshone, Stratton, Twin, 

Wheeler, Creighton, Ute Chief, and Ute Chief Gusher springs discharge at the surface.  

Travertine is a sedimentary rock predominantly composed of calcium carbonate (CaCO3).  

Formation of travertine in springs around the world is primarily driven by carbon dioxide 

degassing (Buhmann and Dreybrodt, 1985; Dreybrodt et al., 1992, Fouke et al., 2000; Lu et al., 

2000).  Calculated carbon dioxide concentrations (Table A1) demonstrate that the water 

discharging at all of the springs sampled by JSAI contains considerably more carbon dioxide 

than it would have if it were in equilibrium with the atmosphere.  As the water discharges, 

therefore, it is favorable for it to degas carbon dioxide. A similar process occurs when you 

open a carbonated beverage.  As this occurs, the pH of the water increases (i.e., becomes more 

basic), which causes calcium carbonate to precipitate.  In addition to carbon dioxide degassing, 

biological activity and evaporation can also help facilitate calcium carbonate precipitation. 
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 To some extent, oxidation of iron may affect calcium carbonate formation.  Fe(II) 

oxidation works to decrease pH.  Depending on the rate of carbon dioxide degassing, therefore, 

calcium carbonate formation may be limited initially after discharge until the rate of Fe(II) 

oxidation decreases.  This effect may occur at Iron Geyser, where Fe(II) concentration is very 

high.  The two processes likely occur simultaneously in many of the springs if Fe(II) oxidation 

occurs at all, however, because Fe(II) concentrations are mostly very low.  Where this is the case, 

carbon dioxide degassing would have a larger effect on pH than Fe(II) oxidation.  Any Fe(II) that 

oxidizes would be found as an impurity in the travertine giving it a tan or brown color. 

 In contrast to Fe(II) oxidation, travertine deposition is most favorable in springs that have 

reacted with the carbonate aquifer.  The calcium and carbonate derived from dissolution of 

calcite and dolomite increases the likelihood that the water will have enough calcium and 

carbonate for precipitation of travertine after the water discharges and pH increases.  The extent 

to which the water discharging at each spring has reacted with the carbonate aquifer, therefore, 

has a significant influence on the proportion of mineral produced following discharge.  Springs 

that have reacted to a greater extent with the carbonate aquifer should produce more travertine 

following discharge than those that have reacted little with the aquifer.  Conversely, those that 

have had less opportunity to react with the aquifer are more likely to contain elevated iron 

content, as discussed above.  Given the limited availability of Fe(II) in many of the springs, 

travertine deposition is likely much more volumetrically important than Fe(III) oxide and 

oxyhydroxide formation.  Oxidized iron minerals, however, likely make a disproportionately 

large impression at some of the springs.  The bold color and ability to cover large surfaces areas 

make even small amounts of iron oxide and oxyhydroxide minerals very obvious. 

Controls on Nitrate Concentration 

 Only two of the spring samples collected by JSAI had measurable nitrate content 

(>1.0 mg/L): the Ute Chief Gusher and Mansions No. 2.  The nitrate in Ute Chief Gusher is 

likely derived from Williams Canyon.  As deduced by Luiszer (1997), the largest source of 

nitrate to the groundwater in the Manitou Springs area may be the septic system on the Cave of 

the Winds property.  The nitrate content of water in Williams Creek increases considerably as it 

flows by the property and the nitrate content of Blue Ice Spring, the spring located on the 

property, is exceptionally high (Luiszer, 1997).  Water from Williams Canyon infiltrates the 

Manitou Limestone not far from the Ute Chief Gusher Spring.  The source of nitrate for 
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Mansions No. 2 Spring is not clear.  Some of this nitrate may also be derived from Williams 

Canyon, although many of the springs that are closer to Williams Canyon than Mansions Spring 

do not have nitrate.  The nitrate in Mansions, therefore, may reflect proximity to a local source. 

 USGS gaging station data show that nitrate concentration decreases downstream in 

Fountain Creek.  To some extent, this decrease in nitrate concentration likely reflects dilution.  

Nitrate concentration is lower in Ruxton Creek, for example, than Fountain Creek.  Mixing of 

Fountain Creek water and Ruxton Creek water, therefore, lowers the nitrate concentration in 

Fountain Creek downstream of the confluence of these streams.   

 In addition to dilution, consumption of nitrate by microbial communities in the hyporheic 

zone of Fountain Creek also likely contributes to the decrease in nitrate concentration.  The 

hyporheic zone of a stream is the volume beneath and adjacent to the stream channel where 

groundwater and surface water mix.  Microbial communities within this volume often consume 

nitrate (Hedin et al., 1998).  As a result, the nitrate concentration of water moving in and out of 

the hyporheic zone decreases.  An important sink for nitrate in urban streams, oxidation of 

organic matter in the stream sediments can fuel this microbial activity (Groffman et al., 2005).  

Oxidation of Fe(II) can also provide the energy source for this microbial process, as discussed 

above, where it is transported to the stream by groundwater. 

Radioactivity 

 The radioactive characteristics of the waters were considered of major importance by 

early workers, because of supposed curative properties.  Shedd’s 1913 paper is devoted to the 

topic, and much of the emphasis of the George et al. study (1920) is on radioactivity.  The 

present study did not include sampling or analysis for radionuclides, and radioactivity is no 

longer considered a particularly desirable or important attribute of mineral waters.   

 The analyses by George et al. (1920) report radioactivity of some samples of both 

waters and gases in the now-obsolete Mache units per liter, in “curies Ra [radium] emanation 

per liter x 10-10,” and in terms of  “permanent activity, grams Ra [radium] per liter,  x 10-10.”  

The range of radioactivity in Mache units per liter (ME), which are equivalent to 364 pCi/L 

(picoCuries per liter), is zero (Magnetic Spring) to 8.25 (Shoshone Spring), equivalent to zero 

to 3,000 pCi/L.  This range may be compared with current EPA drinking water standards for 

gross alpha emissions and combined Ra226 + Ra228, and a proposed standard for radon, which 

are 15 pCi/L, 5 pCi/L, and 300 pCi/L (in the absence of a state program for mitigating radon in 
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indoor air), respectively.  In most cases, two Mache-unit (ME) values were reported by 

George et al.  If the zero value for the Magnetic Spring is disregarded as a probable invalid 

analysis (the second analysis for the Magnetic Spring is 1.35 ME), the range is 0.72 to 

8.25 ME, and the average is 2.91 ME, or 1,060 pCi/L.  At least one analysis from each of the 

12 springs sampled would exceed today’s existing or proposed standards, regardless of the 

makeup of the radioisotopes involved.   

Mineral Equilibria: Prediction of Mineral Precipitates 

Mineral speciation calculations were performed using the aqueous chemistry data to 

calculate the saturation state of minerals in the water samples we collected, and the concentration 

of carbon dioxide. These calculations allowed us to examine, respectively, how favorable 

formation or dissolution of various minerals would be and whether or not the amount of carbon 

dioxide in the water would cause the spring to effervesce carbon dioxide following discharge at 

the surface. We performed these calculations using the Geochemist’s Workbench software 

package (Bethke, 2007), version 7.0.6, with the default thermodynamic dataset, “thermo.dat” 

originally compiled by Delany and Lundeen (1990). Activity coefficients were evaluated in the 

calculation using an extended form of the Debye-Hückle equation (Helgeson, 1969). 

The results of the speciation calculations are given in terms of the mineral saturation 

index for each of the range of potential precipitating minerals, for each spring, in Table 11.  In 

general, if the saturation index for the particular mineral, log(Q/K), is greater than zero, then 

conditions are thermodynamically favorable for that mineral to form, based upon the analytical 

data, and the mineral may form where the water discharges.  

The minerals considered, based on the principal ions found in the waters, are four 

forms of silica (SiO2), quartz, tridymite, chalcedony, and cristobalite; fluorite (CaF2); calcite 

(CaCO3); dolomite (CaMg(CO3)2); hematite (Fe2O3); goethite (HFeO2); siderite (FeCO3), 

pyrolusite (MnO2), and rhodocrosite (MnCO3).  

Iron oxides (hematite and goethite), and manganese oxide (pyrolusite), are likely to 

precipitate at the Big Chief and Iron Geyser, in the iron springs group, and the same is likely to 

be true of the Iron Spring and the Little Chief, although complete analyses suitable for 

determining mineral equilibria are not available for them.  The Wheeler and Hiawatha waters 

are also likely to precipitate hematite, goethite, and pyrolusite.  Iron and manganese 

compounds may precipitate at all of the springs, although the concentrations of iron are below 

detection limit in most cases and the rate of precipitation is likely to be low.  
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Iron or manganese oxide precipitates were observed on the cables of  transducers in the 

Wheeler and Mansions No. 2 Wells.  Although the Wheeler analyses suggest low iron 

concentration (Table 11), the saturation indices for hematite, goethite and pyrolusite are all 

significantly above 1.0, and precipitates are to be expected.  The saturation index for dolomite is 

1.60, in the range where precipitation is expected (Table 11), but precipitation is more likely to 

occur where CO2 is being released from solution, near the surface, rather than on the cable 

within the well.   

Saturation conditions are favorable for precipitation of pyrolusite in the Mansions 

No. 2 water.  Iron concentration in the Mansions No. 2 was below detection in the most recent 

sampling, but was dramatically higher in 2007 (Table A1), and the saturation indices for both 

iron and manganese minerals would probably have been high.  The indices for carbonate 

minerals and silica are all low in the recent analyses, and, in contrast with the metals, the 

concentrations do not appear to have varied greatly.  Thus, precipitates of the metal oxides, but 

not silica or carbonate minerals, would be predicted.  

In the cases of the Downtown group of springs, except Stratton Spring, and at the 

McClurg Well, dolomite is likely to be precipitated.  Silica, generally quartz, is likely to 

precipitate at springs of the Iron Springs group, the Downtown group, and perhaps the Stratton 

Spring.  Fluorite and pyrolusite are probable precipitates at the Seven Minute Spring, and only 

pyrolusite is at or above saturation in the water at Mansions No. 2.  

Spatial Variation in Geochemistry: the “Iron-Soda Line”  

All of the spring waters, including those from the Iron Springs group that do not 

discharge from the Manitou Springs aquifer, but from fractures in the Pikes Peak Granite, have 

compositions that reflect the mixing of low-TDS surface water with a high-TDS, deep-source 

water similar to that of the McClurg Well.  Some springs and wells, notably the Iron Springs 

group, have significantly higher concentrations of iron than the other springs and wells (see 

Table A1).  In terms of recent chemical analyses, there is a clear geographic distinction 

between the springs and wells that produce water with elevated iron concentration, and those 

that produce “soda water” with low iron concentration.  
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A hypothetical east-west “iron-soda line” today appears to divide the Iron Springs 

group and the Navajo Geyser and Mansions Springs, from all of the other springs and wells 

(see Fig. 2), but that distinction may not hold if older analyses are included in the 

consideration.  Table 12 shows the springs and wells that appear to have consistently yielded 

high-iron water, those that have consistently produced water with low iron concentration, and 

those for which reported iron concentration has ranged widely.  Some springs and wells are 

listed in more than one category, because one or more of the analyses is suspect.  The 

variability in iron concentration does not seem to reflect a corresponding variation in chloride 

concentration, and for that reason is not thought to represent variation in dilution by low-TDS 

shallow recharge, but rather a change in the balance between deep-source high-TDS water 

rising on the Rampart Range fault zone and the Ute Pass fault zone, which appears to carry 

iron associated with the Pikes Peak Granite.   

Although the data are very sparse, and recognizing that iron analyses are often 

problematic because of the influences of corrosive water on steel casing and other factors, the 

large variation in iron concentration in waters from the Big Chief Spring, the Mansions No. 2 

well, and the McClurg well, all with recent analyses (see Table A1 and Table 12), suggests 

that the balance between high-iron and low-iron sources of high-TDS water may be 

unpredictable, at least in areas close to the boundary.  The Navajo Geyser, Mansions Springs, 

and Seven Minute Springs are close to the hypothetical iron-soda line, and it might be 

expected that iron concentrations would vary.  

The distribution of iron concentration may attributed to the following factors: 

1. Geochemical reactions that have affected groundwater to varying degrees 
(see previous section Groundwater Mixing) 

2. Iron oxidation (see previous section Controls on Iron and Manganese 
Concentration) 

3. Inflow of waters along the Ute Pass Fault Zone, which apparently move 
northward toward the natural discharge coinciding with the course of 
Fountain Creek.   

The variability of the iron concentration in water from the Little Chief Spring is 

perhaps owing to local mixing, particularly since the natural spring has been altered by 

construction of the cog railway facilities.  

 



JSAI  152 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

Table 12.  Range in reported iron concentration in waters from various springs and wells 
 

spring or well 
range in reported 

iron concentration, 
mg/L 

remarks 

consistently high iron concentration. 

Iron Geyser 
8.9 - 14 5 analyses; George (1920), 3.5 mg/L Fe2O3 

+ Al2O3 or 2.5 mg/L Fe if no Al 
Little Chief 6 - 99 2 analyses 
Ouray 23.2 - 231 2 analyses 
Ute Iron (natural spring) 3.26 - 28 2 analyses 

Ute Iron (well) 
244 Shedd (1913); but George (1920) has 

“trace” Fe2O3 + Al2O3. 

consistently low iron concentration 

Cheyenne Spring  <0.02 – 1.53 4 analyses 
Creighton Well <0.02 – 0.02 2 analyses 
Garrison Well(?) <0.02 1 analysis 
Magnetic Spring <0.02 – 0.08 2 analyses 
Navajo Spring <0.02 – 0.32 5 analyses 
Shoshone Spring <0.02 – 0.04 3 analyses 
Soda Spring <0.02 – 0.28 3 analyses 
Stratton Spring <0.02 – 1.07 4 analyses 
Twin Spring <0.02 – 0.08 2 analyses 

Ute Chief, analyses after 1912 
<0.02 – 0.04  6 analyses; 4 are <0.02 – 0.04; Loew 

(1874), 7.0; George (1920) 5 mg/L Fe2O3 + 
Al2O3 or 3.5 mg/L Fe if no Al 

Ute Chief Gusher <0.02 – 0.05 3 analyses 
Wheeler Spring <0.04 – 0.23 6 analyses 

variable iron concentration 

Big Chief Spring 0.075 – 7.2 2 analyses, both recent 

Hiawatha Spring  
0.08 – 20.5 2 analyses.  May include both natural spring 

and well.  

Mansions No. 1 (hotel) 
16 Ernest (1910) only; considered “variable” 

because Mansions No. 2 appears to be 
variable. 

Mansions No. 2 (pavilion) <0.1 – 97.3 2 analyses, both recent 
McClurg Well  0.67 – 40.7 2 analyses, both recent 

Navajo Geyser  
0.23 – 4.9 2 analyses, including George (1920), 7.2 

Fe2O3 + Al2O3 or 4.9 mg/L Fe if no Al 

Seven Minute Spring, old wells 
 

0.05 – 45.3(?) 
3 analyses  <0.02 – 0.08 mg/L, plus Ernest, 
45.3 mg/L.  Considered “variable” because 
of nearby Mansions No. 2. 

Ute Chief, all analyses 
0.02 - 7 6 analyses; 4 are <0.02 – 0.04; Loew 

(1874), 7.0; George (1920) 5 mg/L Fe2O3 + 
Al2O3 or 3.5 mg/L Fe if no Al 
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It has been suggested that the rapid corrosion of steel casing in the wells may itself be a 

source of the iron found in the waters produced from the wells, and while that is undoubtedly 

true, the analytical results do not show a consistent pattern.  For example, the upper 20 ft of the 

steel casing in the Wheeler Well was extremely corroded (see Fig. 19), but the water analyses 

in Table 12 show consistently low iron concentration.    

There does not appear to be a correlation between change in iron concentration and the 

major change in the flow balance brought about by the drilling of the Creighton Well, or any 

other recognizable occurrence. 

Vertical and Stratigraphic Variation in Geochemistry 

 The composition of water varies with depth below the surface in the aquifer system.  

“Still” waters, presumably derived from shallow recharge, seem to have been found below the 

more carbon-dioxide rich soda waters.  The pattern does not seem to be stratigraphically 

controlled however, and high-TDS, CO2-rich water occurs throughout the stratigraphic section. 

 A detailed driller’s log for the Stratton Spring (see Table 3) described “still water” at 

280 to 283 ft, the bottom of the borehole; “iron water” at 190 ft, with gas; and “sharp soda 

water” at 165 to 168 ft.  Soda water was reported further up the hole, and was first encountered 

at 35 ft.  It is unclear how these distinctions were made, but these observations fit with our 

understanding of the geochemistry of the system.   

Iron-bearing deeply-sourced water likely enters the aquifer system from depth and 

oxygenated nitrate-bearing water enters the aquifer from the top.  As the deeply-sourced 

groundwater makes its way upward in the aquifer system to Fountain Creek, dissolution of 

carbonate minerals would increase the bicarbonate content of the water and favor a decrease in 

iron concentration.  Increasing availability of oxidants near the surface, furthermore, would 

also work to decrease iron as well as manganese content at shallower depths. 

 Twin Spring has two completions, but the two seem not to have been sampled 

separately.  As described above, however, it was reported that the water found at 201 ft was 

“weak in mineral content,” but that at 306 ft “very good water was obtained.”  Probably the 

CO2 content is referred to, which would make the Twin Spring an exception to the 

generalization that the still waters underlie the effervescent water. 
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 The log of the 1992 Seven Minute well indicates that “all waters carbonated” to the 

total depth of 400 ft. but the Seven-Minute wells may still offer some insight into the vertical 

distribution of dissolved CO2 in that the newest of the three wells, and at 400 ft presumably the 

deepest, had much lower CO2 concentration than one of the two early wells, as reported by 

Luiszer (1997).  The determinations are given in Table A1. 

 Ute Iron Spring was sampled by Loew in 1874, and a later well at the same site was 

sampled by George et al. (1920) in 1911 or 1912.  The two analyses, in Table A1, show little 

difference, and indicate that the water discharged by the natural spring came to the surface 

through a conduit from the deeper fracture tapped by the well, with little change. 

 Two depths are given in literature for the Navajo Geyser, 300 ft (Mineral Springs 

Foundation summary), and 365 ft (George, et al., 1920, p. 361).  It may be that the well was 

plugged back from the original total depth to maximize the production of CO2-rich water. 

 The replacement Ute Chief Gusher, drilled in 1979 to an original total depth of 300 ft, 

was then plugged back to 252 ft (see above).  Unfortunately the reason was not given, but the 

occurrence of still water would have been a possibility.  Historical documentation indicates 

much gas with the water from the original well, but the water currently bottled (from the 1979 

well) is still. 

 Luiszer (1997, p. 55) assumed that potassium increases linearly with depth in the 

aquifer system.  Although potassium concentration likely does increase with depth, direct 

evidence supporting this assumption is lacking.  For that reason, we did not attempt to follow 

this line of reasoning in our analysis. 

Temporal Variation in Geochemistry 

 Temporal variation in the chemical composition of spring water can be seen in 

Table A1, and in the “chemical fingerprint” diagrams, Figures 65 through 71.  Probably only 

analyses that are out of balance by less than 5 percent should be considered, although some of 

the 1874 analyses reported by Loew  are of value if only because they  provide a unique 

opportunity to examine variation on a much longer time scale.  Although this discussion 

considers only major-ion chemistry, variation in other chemical parameters and temperature 

was also examined and found to be consistent with variation in major-ion chemistry. 
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Figure 65.  Variation in major ion chemistry with time at Soda Spring and Ute Chief Spring. 
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Figure 66.  Variation in major ion chemistry with time at Navajo Spring and Iron Spring well. 
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Figure 67.  Variation in major ion chemistry with time at Magnetic Well. 
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Figure 68.  Variation in major ion chemistry with time at Stratton Well. 
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Figure 69.  Variation in major ion chemistry with time at Wheeler Well and Iron Geyser Well. 
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Figure 70.  Variation in major ion chemistry with time at Seven-Minute Well and Twin Well. 
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Figure 71.  Variation in major ion chemistry with time at Shoshone Spring and Creighton Well. 
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 Major-ion chemistry of the springs has changed remarkably little since 1874.  Overall, 

variation in bicarbonate concentration accounted for the largest deviations over time.  

Considering that the other solutes changed much less, it is likely that this variability reflects 

difficulties associated with bicarbonate sample preservation and variation in analytical 

techniques, rather than actual variation in concentration.  Bicarbonate concentrations are 

directly tied to the amount of dissolved carbon dioxide gas that is present in water.  As a result, 

anything that affects the amount of carbon dioxide in a sample during collection or storage will 

affect bicarbonate content.  Because carbon dioxide concentration is exceptionally high, it may 

easily be lost from the samples, contributing to variation in bicarbonate content.  With regard 

to analytical techniques, numerous methods are routinely used to determine bicarbonate 

concentration in samples.1  The bicarbonate data collected by JSAI were determined following 

U.S. Environmental Protection Agency guidelines.  It is not known how most of the other 

samples were analyzed.  Moreover, bicarbonate was not actually analyzed for at all by Loew, 

but determined by difference.  The estimate we made from the reported data is associated with 

a high degree of uncertainty, as described above. 

The distribution of elevated iron concentration has not, however, remained constant 

over time, as described above.  

Summary of Spring Geochemistry  

 The composition of water in the Manitou Springs aquifer system reflects mixing of 

dilute and deeply-sourced high TDS water entering the aquifer along major faults in the area as 

well as a complex network of geochemical reactions. We summarize the results of our 

geochemical analysis by providing explicit details from our interpretation as they pertain to 

each group of springs and wells: 

 High-F-SiO2-Fe (Iron Springs group) springs - Iron Geyser, Big Chief 

 Concentration of conservative ions (chloride, sodium,…) consistent with a 
significant component of high-TDS water. 

 Lower calcium and bicarbonate levels than high-Ca springs. Calcite and 
dolomite are undersaturated in the water. Elevated silica, iron, and 
fluoride. All observations consistent with less reaction with carbonate 
bedrock and a shorter subsurface residence than the High-Ca waters (see 
reactive transport discussion above). 

                                                 
1  See, for example,  http://or.water.usgs.gov/alk/methods.html. 
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 Although these springs have less bicarbonate than the high Ca springs, 
they contain the greatest proportion of external carbon as a percentage of 
bicarbonate because the dissolved inorganic carbon pool has been less 
diluted by dissolution of limestone (carbonate bedrock). 

 Shorter subsurface residence time and limited reaction with carbonate 
bedrock reflect the limited thickness (or lack of) carbonate bedrock where 
the springs discharge, and the proximity to the Ute Pass fault. 

 High-Ca-HCO3 (Eastern) springs – Wheeler, Stratton, Navajo Geyser, Shoshone, Soda, 
Cheyenne, Mansions, Seven-Minute 

 Concentration of conservative ions indicates that these springs also have a 
significant component of high-TDS water – slightly higher than that of the 
high-iron springs above on average (e.g., see Cl values). 

 Residence in the Manitou Springs karst aquifer system has given quartz, 
siderite, and fluorite an opportunity to precipitate and ferrous iron to 
oxidize. 

 Most springs saturated with respect to carbonate minerals because of 
carbonate mineral dissolution.  

 Dissolution of carbonate minerals, in addition to deeply sourced external 
carbon, contributes dissolved inorganic carbon to the water causing the 
percent external carbon to be lower than in the high-Fe springs. 

 Northwest springs – Gusher, Ute Chief, Magnetic, Creighton, Twin 

 Contains the smallest component of high-TDS water based upon 
conservative ion concentrations. Ions that highlight this include Li, Cl, Na, 
F, and Si.  Of these, Magnetic appears to have the largest component of 
deeply sourced water.  

 Relatively low salinity in these springs is consistent with the hydrologic 
model in which Williams Creek is a major source of recharge to the 
aquifer system and may also reflect the location of these springs relative to 
major faults in the area. 

 Infiltration of fresh oxygenated water works to maintain low iron 
concentrations. 

 With the exception of the Magnetic Spring, these springs are 
undersaturated with respect to carbonate minerals, which is also consistent 
with their location near recharge areas. The subsurface residence time of 
the water has not been sufficient to equilibrate with the carbonate bedrock. 

 Although grouped with these springs spatially, the Ute Chief Spring seems 
to be an outlier. Its TDS is lower than the Cl/Br mixing model would 
suggest.  Recharge to the aquifers that supply this spring occurs on the 
outcrops in Fountain Creek, very close to Highway 24 through Ute Pass.  
It is possible that this water has been contaminated by road salt, which 
would increase the Cl/Br ratio significantly. 
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SUMMARY OF PATTERNS OF FLOW IN THE MANITOU SPRINGS AQUIFER 

 This section summarizes the pattern of mixing that can be deduced to some degree from 

differences in water chemistry as between the various springs and wells, the producing intervals, 

and their changes over time, as described in the preceding section. The flows within the aquifer 

can be thought of as having three components, with interaction between them.  A shallow 

source, at the western, up-dip, end of the block of sedimentary rocks, and probably also along 

the southwestern side of the block, is recharged by low-TDS surface flows, primarily in the 

Fountain Creek drainage, but also the Williams Canyon drainage and Ruxton Creek.  This water 

moves through the Manitou Springs aquifer, probably through solution openings in the Manitou 

Limestone itself but certainly in fractures in overlying and underlying rocks, and reappears in 

Fountain Creek in mixtures with water derived from a deep source (described below) that 

discharges into Fountain Creek through wells, springs, and upward leakage.  

The deep source itself appears to have two parts.  Flows of high-TDS but low iron-

concentration water presumably come into the Manitou Springs aquifer along fractures 

associated with the Rampart Range Fault, and flows of high-TDS, high iron-concentration, 

water appear to enter the aquifer system through fractures associated with the Ute Pass Fault, 

and perhaps cross-fractures associated with the fault mapped along the Ruxton Creek canyon.  

Both of these waters are ultimately derived partly from recharge in the mountain block that 

moves into the fractures, and partly from fluids rising from much deeper in the lithosphere 

(crust and uppermost mantle) that rise along the fractures.  The head driving the upflow of 

high-TDS water is sufficient to fill the aquifer to, and above, the elevation of the Manitou 

Limestone where it is crossed by Fountain Creek.  The mixing of the deep and shallow waters 

is governed by the balance of inflows from the two sources, and the changes in groundwater 

head that result.  

Groundwater Head 

 Groundwater Head Distribution:  In most situations, groundwater head is the key 

information for determining directions of flow in an aquifer system, but there is very little 

information as to the distribution of groundwater head in the Manitou Springs aquifer.  The 

single measurement at the McClurg well, at about 6,396 ft (60 psi shut-in pressure, Hershey, 

79, p. 21, above a surface elevation of about 6,258 ft), the elevation of the lowest Fountain 
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Formation confining beds at the intersections of Fountain Creek, Williams Canyon, and 

Ruxton Creek at about 6,390, 6,400, and 6,420 ft respectively, and the data from the TROLL 

pressure transducers and dataloggers in the Wheeler, Stratton, Mansions No. 2, Iron Geyser, 

and Seven Minute (1992) wells constitute the body of data.  The land-surface elevations of 

springs and flowing wells provide lower bounds for the groundwater head, but do not 

contribute very much to an understanding of the actual head distribution.   

 Heads related to the Iron Springs group are clearly higher, because the springs and 

wells are located at land-surface elevations higher than the limits of the Manitou Springs 

aquifer confining beds, but almost no reliable shut-in pressure measurements are known.  

There is a pressure transducer in the Iron Geyser, and the record since installation in August, 

2008 (see Appendix B, Fig. B1), has shown a maximum head of about 6,520 ft, around 15 ft 

above land surface, excluding what appear to be a few data outliers.  The well was 

rehabilitated in 2008, with the result that water is now entering the well from a greater depth 

than before the rehabilitation. 

 Groundwater Head, Change Over Time: The TROLL transducer data, summarized 

in Appendix B, Figures B1 through B7,  indicate the “health” of the aquifer in terms of 

groundwater head, or pressure in the aquifer system.  Only the Mansions No. 2 well is 

maintained continually in a shut-in condition, so that the transducer is measuring the pressure 

in the aquifer rather than an equilibrium pressure consistent with some flow from the well, and 

even here it is likely that there is some leakage.  The head is estimated at 6,294 ft, about a foot 

above land surface, in recent measurements (Fig. B2).  The head has risen since the transducer 

was installed in June 2009, and rose quickly by about 4 psi (9 ft) when the annular seal was 

placed in December 2009,  but leakage is still likely to be occurring.  The shut-in head has 

risen slightly more since the December 2009 work, and now is roughly stable at somewhat less 

than a foot above land surface.   

 The pressure transducer in the Wheeler well has shown a continuing rise in head since 

it was installed in August 2008, at the time of the workover and replacement of the casing to 

120 ft, with an increase of about 5.7 psi (13 ft) as of September 2010 (see Fig. B3).  The well 

has not been shut in for measurements, and the increase in pressure probably reflects recovery 

from the long-term drawdown associated with leakage through the severely corroded casing 

that was replaced.   
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 Pressure measurements in the Stratton well (Fig. B4) have shown no particular trend 

since the transducer was installed in October 2007.  The pressure varies rapidly and cyclically 

over a range of about 6 psi (15 ft), probably reflecting a hysteresis effect as gas accumulates in 

the upper casing, discharges, and accumulates again.  The highest pressures measured are 

consistent with a head of about 6,380 ft.  The anomalous low pressures recorded probably 

correspond with times when the well was allowed to flow freely, and the higher pressures with 

the times when the flow is controlled.  The apparent steps in the plot are likely to reflect 

slightly different equilibrium relationships between flow and pressure as the flow is restricted 

again after each open-flow measurement.  The Stratton well would be a candidate for long-

term monitoring of head in the aquifer, because the highest measured heads are not far below 

the maximum expected heads based on the elevation of the base of confining beds in the 

recharge areas of Fountain Creek and Williams Canyon, and because of the workover some 

years ago that may have led to a sound annular seal, but there is some evidence in the 

September, 2007 video survey of a hole in the casing.   

 Pressure data for the Iron Geyser showed a large-amplitude (13 psi, or 30-ft) cyclic 

variation, probably the effect of buildup and discharge of gas, until late November 2009, and a 

much smaller cyclic variation thereafter (Fig. B1).  The highest pressures (except for three 

short periods, which may represent invalid data) are equivalent to a groundwater head of about 

6,519 ft, around 14 ft above land surface.  The well was rehabilitated in May 2008, and the 

annulus around the casing sealed above about 48 ft, so that the measured pressure may be a 

good indication of the groundwater head in the upper part of the fracture zone.  

 For a short period in March and April, 2010, the Creighton Well was shut in.  There 

seems to have been only the slightest reflection of the pressure recovery in the Wheeler and 

Mansions No. 2 wells before the Creighton Well was allowed to flow again.  In September 

2010, the Creighton Well was again shut in. 

 Variations in Flow Dynamics:  Both the outflow from, and the inflow of high-TDS 

water to the aquifer are presumably controlled by the head in the aquifer, which in turn is 

governed by the inflows from Williams Canyon, and if Williams Canyon inflows are very 

small or zero for some period, by inflows from Fountain Creek above the outcrop of the 

confining beds. 
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It can be expected that a short period of large recharge from Williams Canyon will lead 

to relatively high head in the aquifer, and therefore to high outflow of good water to Fountain 

Creek in Fountain Formation outcrop, and high gain to Fountain Creek downstream from the 

Manitou Springs Aquifer outcrop, but this outflow will continue to consist of relatively high-

TDS water because that water occupies the aquifer and the overlying confining beds below the 

creek.  The higher head will simply force the water already there to discharge at a greater rate.  

On the other hand, high head in the aquifer will lead to diminished inflow of high-TDS water 

to the aquifer.  A sustained period of high head, however, would presumably lead to decrease 

of TDS in the mixing zone.   

Conversely, small recharge from Williams Canyon would result in low groundwater 

head, low or zero outflow of good water to Fountain Creek in Fountain Formation outcrop 

reach, and reduced gain to Fountain Creek gain below Manitou Springs aquifer outcrop, but it 

would induce an increase in inflow of high-TDS water.   A sustained reduced recharge from 

Williams Creek would result in a TDS increase in mixing zone. 

Williams Canyon and Fountain Creek losses recharge the entire stratigraphic interval of 

the aquifer, not just the top, and the lowest stratigraphic interval within the aquifer is the farthest 

upstream in the subcrop.  For that reason it receives recharge longer, as the “live” reach retreats 

upstream, and at higher head, because the upstream end of the reach is at higher elevation.   This 

leads to transmission of water far downdip in the lower part of the aquifer sequence, and thus to 

the mixing that is evident in waters from wells even far to the east in the system. 

 The 1979 test of the Ute Chief Gusher, with a specific capacity of  1.6 gpm per foot of 

drawdown, was at a time when Williams Canyon flows had been zero for four years (Fig. 61).  

The early performance, at a reported 800 gpm open flow and therefore a much greater implied 

specific capacity may have been related to high Williams Canyon flows.  The replacement 

well was presumably drilled because of reduced flow from old well. 

Stability of Mixing Relationships:  Although there have been continuing large 

variations in chemical quality of water from the various springs and wells, as shown by 

comparison of various analyses for the same spring or well over time (see Table A1), and 

significant change in specific conductance has been observed in the continuous record for the 

Seven Minute Spring since March 9, 2010, the basic mixing relationships, other than the 

contribution of iron, seem to have been reasonably stable.  The drilling and continued 

unrestricted flow from the Creighton well might be expected to have affected the mixing 
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pattern, and to be reflected in the form of change in water chemistry, especially for the closest 

springs, but that seems not to have occurred.  Table 13 compares chloride concentrations in 

water from the natural springs sampled by Loew in 1874, Strieby in 1891, and George et al. 

(1920) in 1911 or 1912, probably just prior to the drilling of the Creighton well, with analyses 

by Luiszer (1997) of samples taken in 1987 and analyses of samples taken in 2009 for the 

present study.  There is no apparent systematic change. 

 The relative stability of the mixing zone (i.e., stability of water quality in natural 

springs and wells) is consistent with relatively large storage in the system.  

 The reduction of outflow from the Creighton Well when it was shut in, in September 

2010, reportedly led to an increase in TDS concentration of water from the Ute Chief Gusher.  

This may be because higher-TDS water moving up-dip in the deeper part of the aquifer was no 

longer allowed to discharge when it reached the Creighton Well, and it moved up-dip at a 

greater rate.  As the local groundwater head increased because the well was no longer 

discharging, low-TDS water from Fountain Creek would move shorter distances into the 

aquifer before a particular degree of mixing occurred.  

 
 

Table 13.  Comparison of chloride concentrations in water from natural  
springs before and after the drilling of the Creighton well.   

Springs listed in order of increasing distance from Creighton well. 
 

 before Creighton well after Creighton well 

spring 

chloride, 
mg/L, 
Loew, 
1874 

chloride, 
mg/L, 

converted 
from Strieby 

analysis 
(1894), 

sampled 
1891 

chloride, 
mg/L, George 
et al. (1920), 
sampled in 

1911 or 1912 

chloride, mg/L, 
Luiszer (1997), 
sampled 1987 

chloride, mg/L, 
this report, 

sampled 2009 

Cheyenne   249 229 240 

Magnetic   129 155 160 

Navajo 241 246 288 211 280 

Shoshone 258  270 242 270 

Soda 248 248 258 220 230 

Ute Chief 85  159a 88 78 
a  anomalous result? 
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Flow from Fractured Granite 

 The “iron springs” described in the section SPRINGS AND WELLS, above, lie 

outside the limits of the Manitou Springs aquifer and represent flow from fractures in the Pikes 

Peak Granite. 

 Significant groundwater flow paths are present in the granite, as evidenced by both the 

presence of springs associated with fractures, and by features such as Hurricane Cave.  

Hurricane Cave is alleged to be the world’s deepest granite cave, eroded by flowing water 

along a fault, with a length of about a half-mile, and reaching a depth of 770 ft (Matthews, 

2004, p. 97).  The location is not published, but is thought to be along the Ute Pass Fault in the 

Hurricane Canyon Natural Area of the Pike National Forest, northwest of Manitou Springs.  

 It is also likely that much of the drainage from the northeastern slopes of Pikes Peak is 

carried as shallow groundwater in grüs and fractures in shallow bedrock, and enters the Manitou 

Springs aquifer through fractures associated with the complex geologic structure of the Ute Pass 

Fault Zone (see Figs. 2, 51, and 53, the geologic map and cross-section A-A’ and C-C’). 

GROUNDWATER FLOW MODEL 

 A framework for a mathematical model of the groundwater flow system was developed 

to provide a quantitative way of evaluating the effects of changes that have occurred under 

natural conditions, the changes that have taken place during the historical period, and 

hypothetical future changes.   

 Usually a model is constructed by assigning known or estimated values for hydraulic 

properties to the individual cells in a framework designed to represent the geometry of the 

aquifers and confining beds, imposing the known stresses (such as recharge, natural discharge, 

and pumping), and calibrating the model by refining the assigned aquifer properties until the 

observed variations in groundwater heads and flows are replicated.  In the case of the Manitou 

Springs aquifer, however, there is almost no direct information as to aquifer properties 

(because there have been no formal pumping tests), only fragmentary information as to natural 

and man-made discharges, and very limited information concerning groundwater head and its 

variation from place to place, and over time.  For these reasons, the model should be thought  
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of as the framework for a mathematical “black box,” representing what is known about the 

system, but which is based on only one of a great many sets of assumptions that will fit the 

data available.  The framework will be available to incorporate new information about heads 

and flows, and aquifer properties, as time goes on. 

 The model was prepared using the conventional U.S. Geological Survey MODFLOW 

finite-difference code (McDonald and Harbaugh, 1988).  For MODFLOW, each aquifer and 

non-aquifer stratigraphic unit can be represented by a layer, and the area of the entire system is 

divided into blocks, so that the entire system is represented by a three-dimensional array of 

cells.  For each cell, the hydraulic conductivity in the directions paralleling the bedding and the 

hydraulic conductivity across the bedding (i.e., approximately vertically) is specified, as are 

both the specific storage (the yield of water per unit of area, per unit aquifer thickness, per unit 

drawdown, for the case in which the aquifer contains water under pressure) and the specific 

yield (the yield of water per unit area per unit drawdown, where the aquifer is not confined and 

can be drained by gravity).  The distribution of thickness of each layer is specified, and the 

groundwater head (the elevation at which water would stand in a tightly cased well open only 

to the aquifer) is also specified for the beginning of the simulation period. 

 Two layers were specified, representing the Manitou Springs aquifer, which consists of 

the stratigraphic sequence between the top of unweathered Pikes Peak Granite and the base of 

relatively low-hydraulic-conductivity strata in the Fountain Formation, and the overlying leaky 

confining strata of the Fountain.  The hydraulic conductivity and the thickness of the aquifer 

were represented by a single term for each cell, the transmissivity, which is defined as the 

product of hydraulic conductivity and thickness.  The transmissivity of the overlying Fountain 

Formation was set at an arbitrarily chosen, very low value to limit flow to upward leakage.  

The range in thickness of the Fountain, from zero at the up-dip edge of the formation to the 

maximum at the Rampart Range fault zone was accounted for by assigning values for the 

MODFLOW variable “VCONT,” hydraulic conductivity divided by thickness, based on a 

single value for hydraulic conductivity and appropriate thicknesses with distance from the 

outcrop of the base of the formation. 
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 Recharge to the Manitou Springs aquifer will be simulated as entering where the 

sequence of beds crops out in the stream channels of Fountain Creek and Williams Canyon 

Creek, and as entering at the boundaries represented by the Ute Pass and Rampart Range fault 

zones.  The information as to the flow through the system consists of the estimated total 

outflow, beginning with the interpretation described above (Table 7), and the component of 

that total that is derived from inflow along the fault zones of high-TDS water from the deep 

groundwater circulation.  The outflow from the system occurs through the known wells and 

springs, and the more-diffuse discharge by upward leakage through the Fountain Formation 

into Fountain Creek.  The groundwater head at the points of outflow is not well known, but is 

preliminarily set at an elevation of equal to that of the land surface.  All of the surface-water 

inflows are represented as fixed rates.  The deep groundwater inflow is represented as a head-

dependent flow, governed by the head in the aquifer, and all of the outflows as constant-head 

cells.  For the deep groundwater inflow, the head is a calibration variable.  The transmissivity 

of the Manitou Springs aquifer and the vertical hydraulic conductivity of the Fountain 

Formation are the other principal variables in the model, and these values will be set by trial 

and error, until the estimated flows are replicated by the model. 

 The model will be capable of representing time-variant flows at as small a time-step as 

desired, but because so little information is available as to actual discharges and groundwater 

head over time, it would be appropriate instead to examine several quasi-steady-state 

conditions:  these might be, (1) pre-development, around 1900, when the only discharges were 

from natural springs and upward leakage into Fountain Creek, (2) the current pattern of springs 

and wells, assuming high inflow from Williams Canyon Creek, as during the periods 1957 to 

1963 and 1983 to 1988, (3) the current pattern of springs and wells, assuming low inflow from 

Williams Creek canyon, as during the periods 1976 to 1982 and 2000 to 2009.   

 In addition to these sets of assumed historical conditions, other steady-state simulations 

could be made.  These might represent (1) the current pattern of spring and well discharges 

with an additional discharge of 67 ac-ft/yr for a hypothetical mineral-water pool at an arbitrary 

point roughly coinciding with Schryver Park, under a condition of low inflow from Williams 

Canyon Creek, and (2), the same discharges, but with the hypothetical mineral-water pool near 

the western end of the aquifer, under a condition of low inflow from Williams Canyon Creek.   
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RECOMMENDATIONS 

The following section presents recommendations for management and protection of the 

Manitou Springs aquifer.  

Data Collection 

 Pressure Measurements:  Groundwater head, or the pressure in the aquifer, is the 

fundamental measure of the condition of a confined, or artesian, aquifer, and almost no reliable 

information has been available for the Manitou Springs aquifer.  Ideally, a monitoring well 

tapping bedding planes or fractures in the upper part of the aquifer, with casing cemented to 

prevent leakage, located somewhere in the middle of the system, would be monitored 

periodically and a long-term record established.  Continued monitoring of the shut-in pressure 

in the Mansions No. 2 is therefore of great value, although some question remains as to the 

integrity of the casing, because of the age of the well. 

 The Stratton well may be a good candidate, as far as construction is concerned, as 

another well for long-term monitoring of groundwater head.  Although information as to the 

workover some years ago seems to be lacking, the maximum head recorded is fairly close to 

the expected highest heads in the aquifer, and it may be that the annular seal around the casing 

is sound because of the work that was done.  Pressure-transducer measurements recorded 

during a 48-hour or longer shut-in period, perhaps monthly, would be very valuable in 

furthering the understanding of the system.  

 If liability issues were not an important factor, the McClurg Well would be an excellent 

site for pressure monitoring because of its location closer to the inflow of deep, high-TDS 

water and its distance from points of discharge, both known and unknown.  The writers 

understand that some arrangements may be in progress to monitor the McClurg Well. 

It would be important to make careful measurements of the depth at which each 

transducer is installed, so that head measurements can be calculated accurately from the 

pressure recorded by the transducer.  At present, there is some question as to the transducer 

measurements.  

Water-Level Measurements in the Water-Table Part of the Aquifer:  The water 

level in the aquifer in the unconfined fringe, beyond the area where water is confined under 

pressure in the aquifer by overlying low-hydraulic-conductivity beds, would provide an 
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excellent measure of “aquifer health.”  This might be done easily and at small expense 

somewhere above the “narrows” reach of Williams Canyon.  A shallow, small-diameter 

monitoring well or piezometer would provide access to the water table, and the water level 

could be measured periodically by hand, or by means of a pressure transducer and datalogger.  

A still-better refinement would be to install a somewhat deeper borehole with two piezometers 

at different depths, to provide a continuing record of head-differential between the water table 

and deeper stratigraphic zones within the aquifer.  

Flow Measurements: Continuation of the Foundation’s program of flow 

measurements will provide valuable information.  Refinement of the program to some degree, 

so that the flow measurements are associated with corresponding measurements of change in 

groundwater head, would add to the value of the data.  Thus a measurement of open flow (or 

pumped flow, but always against the same measured back-pressure) would be made after a 

period of constant conditions, and then the well would be shut in and a shut-in pressure taken, 

so that the specific capacity of the well (flow rate per unit of drawdown) could be calculated, 

and compared over time.  

Streamflow Measurement and Chemical Analyses   

 Seepage Runs:  Fountain Creek represents the outflow from the aquifer system, and a 

systematic program of seepage runs (series of almost contemporaneous baseflow discharge 

measurements), coupled with specific conductance measurements and sampling for chloride 

analysis to correspond with each discharge measurement, would be of great value in 

understanding the flow-balance in the aquifer.  The seepage-run data can be correlated with 

climatic variables to establish the patterns of aquifer inflow and outflow.  The seepage runs 

should extend through the entire reach from the Fountain Creek above Cascade Creek station, 

downstream to the Fountain Creek at Becker’s Lane station (see Fig. 2 and Table 7), and 

should include the intermediate stations of the first five seepage runs listed in Table 7.  Ruxton 

Creek, and any other identifiable surface-water inflows should be measured and sampled.   

The frequency of the seepage runs should be such as to represent seasonal changes, and 

a quarterly schedule would probably be suitable.  Because the seepage runs are intended to 

represent changes in baseflow and baseflow water chemistry, each one should be made at a 

time when discharge is more-or-less constant, and not influenced by storm inflows.  
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Data from each series of measurements can be analyzed, following the pattern of 

Table 7, to indicate the component of the outflow that is high-TDS deep-source groundwater, 

and the component of low-TDS surface-water recharge.  

Williams Canyon:  Flows in Williams Canyon are a source of recharge to the aquifer 

that, with present data, cannot be easily disaggregated from other surface-water recharge, 

principally losses from Fountain Creek.  A gaging station in Williams Canyon would provide 

data for this purpose, particularly if periodic observations were also made at the downstream 

end of the recharge reach near Highway 24.  The expense of a fully instrumented station 

probably would not be cost-effective, however, and as an alternative it is suggested that 

periodic discharge measurements be made at some point far enough upstream that the channel 

is on relatively unfractured Pikes Peak Granite.  For each such measurement, an observation of 

the flow at the downstream end of the recharge reach would be made.  It would be more 

important to develop a record of baseflow at the upstream end of the reach than to measure 

storm flows.  

Conservation Measures   

In general it is recommended to reduce or eliminate uncontrolled flow at the surface 

from wells, and reduce loss through corroded casing, wherever an opportunity presents itself.  

It would be important to evaluate applications for permits to drill wells in the watershed 

protection zone, to be sure that pressure in the aquifer will be preserved.  Well-drilling and 

abandonment procedures are recommended in a following section.  It is important for 

prospective well-owners, and drilling contractors, to recognize that, in the inner valley of 

Fountain Creek, the entire stratigraphic sequence from the top of the Pikes Peak Granite, 

upward through the Fountain Formation, may contain fractures with water under sufficient 

pressure to flow at the surface.  

Watershed Management:  Runoff from surface drainages, particularly Fountain 

Creek and Williams Canyon, are important for recharge to the aquifer system, and measures to 

reduce evapotranspiration loss and prevent excessive sedimentation in stream bottoms serve to 

protect the recharge.  A series of eight check dams built in the 1930s by the Civilian 

Conservation Corps on Fountain Creek between Manitou Springs and Cascade presumably 

cause some increase in recharge over the natural condition. 
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Protection from Seismic Damage:  In this context, seismic damage refers to the effect 

of blasting for construction or other purposes.  At land-surface elevations close to or below the 

potentiometric surface in the Manitou Springs aquifer, estimated at around 6,400 ft but very 

poorly known, any blasting may lead to opening of fractures and the onset of spring flow.  The 

effect of blasting on the flow of existing springs or wells is probably less of a problem, but 

uncontrolled flow from a new point of discharge initiated by blasting would represent a loss of 

pressure in the aquifer system.   

 Excavations:  It is likely that any excavation in the valley floor area of Manitou 

Springs will encounter rising groundwater, which is moving from the Manitou Springs aquifer 

toward Fountain Creek. To the extent that resistance to flow is decreased by the presence of 

the excavation, or opening of fractures by unloading of overburden or disturbance, flow will 

increase and pressure in the aquifer will be diminished.  The remarks concerning blasting, 

above, would apply as well to excavations in the area of the Fountain Creek valley floor.  

Health and Safety Concerns 

 Carbon Dioxide Gas:  Carbon dioxide gas is heavier than air, and accumulates in any 

depression into which gas-charged water discharges, displacing the air and filling the 

depression.  This is likely to be occurring at all of the sites in which a well or spring discharges 

into an enclosed space without positive ventilation, such as a vault beneath the floor of a 

building, as at the Soda Spring and several others.  Although CO2 is not itself toxic, in 

displacing the air in a space, it eliminates the oxygen and therefore can cause asphyxiation.  

This is reported to have occurred at the Iron Geyser, where “the death of a man named Wahl, 

who at the place of the Heistand well near the railroad bridge descended into an excavation to 

fix a pipe which was out of order and was found dead of gas.  Crosby said people had been 

descending a few feet to fill bottles, but this Wahl thought he could repair the pipe so that 

walking down the steps would not be necessary (Charles Dudley, quoting Crosby, in a talk 

described under the headline ‘Mineral Springs and Wells Listed in Talk to Pioneers,’ Gazette 

Telegraph, March 15, 1955; information from Deborah Harrison).” 

 Carbon dioxide is also likely to be released from water that rises from the aquifer 

system into the shallow alluvium and bedrock, and drains into Fountain Creek without actually 

appearing at the surface.  This gas may therefore accumulate in basements, foundations, and 
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unventilated rooms, and become a health hazard, even where no well or spring is present.  As 

discussed above, although some waters do not effervesce, they may still be losing CO2 to the 

atmosphere, and thus lead to increased concentrations in unventilated places. 

 Specific recommendations and precautions relating to the accumulation of CO2 are 

beyond the scope of this report, but standard OSHA and other regulatory procedures for work 

in confined spaces should be observed.  The design of new and renovated buildings and other 

structures should take the issue into account, and users of existing structures should be aware 

of the potential danger.  

 Lead Contamination:  The South Rampart Shooting Range, in the SE1/4 NW1/4 Sec. 

32, T. 13 S., R. 67 W. (the area of a quarry shown on Fig. 2) is located on dipping Leadville 

Limestone and Fountain Formation beds, with surface drainage to Williams Canyon less than 

1,000 ft away.  The shooting range has been used by as many as 40,000 visitors a year (Colorado 

Springs Gazette, July 22, 2009), and is of concern as a potential source of both nitrate 

contamination, because of the high use and lack of wastewater-treatment facilities, and lead 

contamination from bullets.  No lead contamination is evident in the water analyses given in 

Table A1, but even so, it would be advisable to sample streambed sediments in Williams Canyon 

to determine whether lead concentrations in this recharge area are elevated.  It is the writers’ 

understanding that the U.S. Environmental Protection Agency (USEPA) is contemplating a 

program of sediment sampling and analysis, and it would be advisable to monitor that study. 

Nitrate Contamination:  Luiszer (1997) identified potential nitrate contamination in 

the Ute Chief, Ute Chief Gusher (replacement well) and Magnetic Springs, and attributed it to 

the Cave of the Winds wastewater treatment system, largely because these discharge points are 

relatively close to the Cave of the Winds and to the Blue Ice Spring, which Luiszer interpreted 

as a point of  discharge from the  treatment system because of the high nitrate content 

(315 mg/L nitrate plus nitrite, reported as nitrogen) of its discharge in Williams Canyon.  

Samples taken for this study did not find elevated nitrate in these waters (Table A1), except for 

Blue Ice Spring itself. 

Nitrate has been found in waters from other springs and wells at various times (see 

Table A1), but except for the very high nitrate in Blue Ice Spring and Huccacove Cave, not in 

concentrations exceeding the USEPA maximum contaminant level (MCL).  There may be 

local sources, including septic tanks, but locating them is beyond the scope of this study.   
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The South Rampart Shooting Range, mentioned above, is a potential source of nitrate 

contamination if untreated wastewater is allowed to flow toward Williams Canyon, either 

directly, or as soil is carried to the stream during storm or snowmelt runoff.  Continuing 

attention to wellhead and other water-quality protection, including efforts to eliminate 

potential sources of contamination, is definitely justified.  

Well-Drilling and Well-Abandonment Procedures 

 Groundwater under sufficient pressure to flow at the surface has been found in almost 

every part of the stratigraphic sequence beneath Manitou Springs, and in at least one locality 

(the McClurg well) the pressure, and the permeability related to fracturing, has been sufficient 

to cause a nearly uncontrollable flow.  For these reasons, as well as the general need to 

conserve pressure in the aquifer system to maintain the flows of the existing wells and springs, 

it is important to observe drilling and well-completion practices that will provide for full 

control of flows, and prevent leakage around well-casings for the very long term.  

 When the earlier existing wells were drilled, the method would almost certainly have 

been “cable-tool” or percussion drilling.  Casing may have been driven as the borehole was 

advanced, or casing may have been installed only as necessary to hold the hole open, and the 

drilling advanced with a smaller bit.  At some point, either before final depth was reached, or 

at that point, casing would have been run.  It may have been run as a single string, with 

perforations, generally rough torch-cut or mechanically cut openings, through the producing 

interval, or the hole above the producing interval may have been reamed to a larger diameter 

and casing set and driven into the shoulder at the bottom of the reamed hole.  In neither case, 

however, is it likely that the casing was cemented.  Upward leakage along the outside of the 

casing was almost a certainty. 

 Even if the original casing was successfully driven into a competent bed above the 

producing interval, and complete shut-off of leakage attained, the corrosive action of the water 

must inevitably have led to casing leaks and thus to upward flow along the outside of the 

casing.  In wells that have been investigated by video survey, or where some of the original 

casing has been recovered, as in the case of the Wheeler Spring, the pipe has been found to be 

dramatically corroded away.  It is difficult to identify any casing at all in the video survey of 

the Iron Geyser, for example, and the surface of the borehole, itself probably dissolved away to 

some degree, is easily visible. 
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 When older wells have been replaced, they may not have been plugged effectively.  

Records are not complete as to plugging procedures, and it seems probable that “capping” by 

shutting off the flow at the surface was considered satisfactory in some cases.  It is also likely 

that, even if a well to be abandoned had been plugged with conventional cement, the cement 

has now failed, or will fail, because of attack by the acidic water. 

 This section is not a design recommendation or an engineering recommendation, but 

rather a discussion of a number of considerations that should be taken into account by the 

engineer as the design and the contract documents are prepared.  It is intended for the non-

professional reader, and is not to take the place of site-specific engineering advice or 

recommendations from a drilling contractor. 

 Wells in Upper Part of Fountain Formation, at Elevations above 6,400 ft:  The 

“spill” elevation of the Manitou Springs aquifer, the elevation at which Fountain Creek, 

Ruxton Creek, and Sutherland Creek cross the outcrop of the top of the Manitou Limestone, 

and therefore point above which groundwater head is not expected to rise significantly, is 

about 6,400 ft.  Wells of almost any depth, collared below that elevation, may flow at the 

surface, but those at higher elevations are not likely to, unless they penetrate deeply enough 

into the Fountain Formation to reach strata or fractures directly connecting with the Rampart 

Range and Ute Pass fault zones and faults associated with them, and carrying water at higher 

head, brought into the system as flow along the fault zones. 

Wells at Elevations below 6,400 ft, or Deeper than the Upper Part of the Fountain 

Formation:  Wells collared at elevations below about 6,400 ft are likely to flow at the surface, 

and produce water charged with carbon dioxide, which is therefore acidic enough to affect the 

materials typically used in well construction.  The considerations given in this section are 

intended to account for the unusual water-quality conditions in Manitou Springs, and would 

require approval by the Colorado State Engineer of a variance from water-well construction 

rules (Colorado State Engineer, 2005).  The reasons are described more fully below. 

 Except for very shallow monitor wells, no deeper than 40 ft, that may be needed in 

environmental remediation projects and the like, surface casing should be set and cemented in 

every well before drilling continues.  Colorado water-well construction rules do not require 

surface casing in all cases relating to confined aquifers (“Type I” aquifers), but the conditions 

in and near Manitou Springs argue strongly for it.  The possibility of an unexpected flow from 

a fracture, as occurred at the McClurg well, is always present, and satisfactory surface casing 

provides the only means for dealing with it in an orderly way. 
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 The surface casing probably should be steel pipe, and should be provided with a 

flanged or threaded connection, and equipped with a tee so that a valve can be installed on the 

side to control flows, and a blind flange or cap can be installed at the top.  The reason for steel 

pipe rather than PVC or other material is primarily because of its tensile strength, but also 

because a better cement bond can be attained.  The wall-thickness of the surface casing must 

be 0.188 in. or more to comply with Colorado well-construction rules.  The outer surface of 

the pipe should be coated with an acid resistant material, for the reasons given below. 

 The surface casing should be cemented using a neat-cement slurry that meets the 

requirements of the Colorado rules (at p. 30;  not more than 7 gallons of water per sack if 

placed by pumping through the casing and displaced into the annulus, or 6 gallons per sack if 

poured from the surface).  The top of cement should be at land surface unless a pit is to be 

constructed or a pitless adapter is to be used, in which case the top of cement should be at the 

highest level consistent with the configuration of the pit or pitless adapter.  Adequate setting 

and curing time must be allowed so that the cement will develop sufficient compressive 

strength before drilling continues; in most instances, 24 hours would be adequate.  It is 

understood that the CO2-charged waters are highly corrosive to conventional cement, but the 

primary purpose of the cemented surface casing is to provide mechanical strength during and 

shortly after the drilling and completion of the well, and the material in the annulus around the 

well-casing itself, discussed below, would be expected to provide the necessary long-term seal. 

 In an ideal situation, drilling out from under surface pipe would proceed until a depth 

just above the top of the artesian aquifer is reached, at which point, before any flow occurs, the 

well casing itself would be installed and cemented.  Drilling into the aquifer, below the casing 

shoe, would not proceed until the cement had set and cured.  In Manitou Springs, however, the 

depth at which an adequate flow will be found is not predictable, and drilling below the 

surface casing would generally proceed into the aquifer, or through fractures in beds in or 

above the aquifer, until an adequate production rate can be demonstrated.  Casing and 

perforated casing or liner would then be installed to near the total drilled depth.  Air-drilling 

may be the best method, partly because of the ability to assess the well’s production capacity 

as drilling proceeds, but largely because drilling with conventional mud may lead to formation 

damage, and the low pH of the water would lead to difficulty with drilling-fluid mixing and 

poor fluid properties.   
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 Waters charged with carbon dioxide, which are solutions of carbonic acid, are highly 

corrosive, to both steel and the calcium carbonate of Portland cement.  For this reason, the 

ideal well-completion in Manitou Springs would employ stainless-steel casing and an acid-

resistant cement such as Halliburton ThermaLock.  Unfortunately, both of these products are 

very expensive, and ThermaLock cement is not generally available for water wells at all 

because of Halliburton’s concern over liability relating to sources of potable water.  Other 

cements, such as pozzolan-Portland mixtures, have greater resistance to carbonic acid attack 

than Portland cement alone, but all mixes that include calcium carbonate are subject to acid 

attack.  Both the neat-cement and cement-bentonite grout materials described in the Colorado 

water-well construction rules (at p. 30) would be subject to significant loss of strength, and 

increase in permeability over time, and thus to upward leakage of water through the annulus 

around the casing, because of attack by the acidic waters.   

 Bentonite itself, as an annular seal material, is much less susceptible to attack by acid, 

but does not provide an adequate low-permeability seal unless it is fully hydrated and remains 

so.  Bentonite should therefore be used as a grout only where the beds outside the borehole are 

saturated.  The facts that water has been encountered in drilling at various depths in the 

Fountain Formation, and that the natural discharge from the aquifer is by upward leakage 

through the Fountain Formation, as described earlier in this report, indicate that there will be 

sufficient saturation in the beds outside a borehole to maintain a bentonite seal in a fully 

hydrated condition.  Granular bentonite chips or pellets, rather than bentonite slurry, should be 

used, because of the higher solids content of the resulting grout. 

Proper hydration of bentonite requires that the water in contact with it be alkaline, with 

an ideal pH of around 9.  Clearly the water in the well will have a pH in the acid range, so the 

water in the annulus must be treated with soda ash (anhydrous sodium carbonate) to raise the 

pH, and this is likely to require treatment of the entire volume in the well, which in turn 

requires that water be recirculated in the well as soda ash is added, with monitoring of pH.  

The quantity of soda ash required can be easily estimated in the field from a determination of 

total acidity. 

 The Colorado well-construction rules (at p. 31) prohibit bentonite as a grout material 

where there is a pressure differential between the upper and lower ends of the annulus (“a 

difference in hydrostatic head exists across the grout interval”).  This is because the hydrated 
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bentonite does not develop significant compressive strength.  It is suggested that this problem 

be dealt with by placing cement in the annulus below the interval to be filled with bentonite 

grout, to support the granular bentonite as it is hydrating and forming the necessary seal 

(recognizing that the strength of the cement will diminish over time), and also placing cement 

in the annulus between the casing and the surface casing to prevent upward movement of the 

bentonite, or flow through it during hydration.  This cement in the annulus within the surface 

casing would be protected from attack by acid water by the surface casing, by the well casing 

(see below), and by the bentonite below the cement if the bentonite is brought a few feet up 

into the annulus before the cement is placed. 

 Mild steel casing is very vulnerable to corrosion by the acidic waters, as has been 

shown by the experience with wells in Manitou.  A more durable alternative for the well 

casing itself, less expensive than stainless steel, is PVC, but it has serious disadvantages.  PVC 

has much less tensile and collapse strength than steel pipe of the same dimensions.  PVC 

casing loses strength very significantly at elevated temperatures.  Because the setting of 

cement is an exothermic chemical reaction, the design of a well to be cased with cemented 

PVC must be considered very carefully to avoid a situation in which the collapse strength of 

the pipe is reduced so much, during the setting of the cement, that the casing collapses.  A 

better alternative casing material may be fiberglass, which has high resistance to acid and also 

a higher service temperature. 

 Although the use of stainless steel casing and ThermaLock cement as described above, 

and in all respects following the Colorado water-well construction rules, would be most 

desirable, a less-expensive but still suitable general procedure, taking the above considerations 

into account, but which would require a variance in order to comply with the Colorado water-

well construction rules, is as follows.  After the surface casing is in place and the cement has 

had adequate setting time, drilling out from under surface casing would proceed until a 

sufficient water supply is deemed to have been found.  The bit size must be large enough to 

accommodate a tremie, or string of tubing in the annulus outside the proposed well casing, for 

placement of grout in the annulus. 

 When total depth is reached, the design of the casing string would be determined.  A 

single string of fiberglass or PVC casing, with slot-perforated casing through the producing 

interval and an end cap or bullnose guide shoe, would be installed.  The purpose of the slot-



JSAI  182 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS 

perforated section of casing and the end cap or guide shoe, in lieu of simply leaving the 

producing interval as open hole, is to prevent caving.  At least two cement baskets or rubber 

“shale catchers” would be placed on the casing at such a depth that the baskets would be in “in-

gauge” hole (i.e., where the diameter is only slightly larger than the diameter of the bit), within a 

competent bed, above the producing interval.  A caliper log may be required to locate a suitable 

depth for the baskets.  The casing should be provided with centralizers at intervals of no more 

than 40 ft.  Neat cement should be placed through the tremie in very short lifts, 3 to 5 ft, to form 

a cemented interval of about 20 ft above the baskets, to support a “grout” of granular bentonite 

that would be placed through the tremie in the remainder of the annulus to a depth a few feet 

above the bottom of the surface casing.  The annulus between the surface casing and the well 

casing would be filled with neat cement to the highest level consistent with the surface 

configuration of the well, whether a slab, a pit, a pitless adapter, or some other arrangement. 

 The casing size, which governs the borehole diameter, and therefore the size of the 

surface casing and the surface hole, is a primary consideration.  For the small flows expected 

from a replacement well for one of the existing wells, 4-in. nominal casing would suffice, and a 

standard 4-in. submersible pump can be installed.  The smaller stainless-steel Grundfos pumps, 

for example, have an overall diameter of 3-3/4 in.  Even so, it is very important that the 

dimensions of the proposed casing be verified carefully.  Fiberglass and PVC pipe do not have 

the same standard dimensions as steel tubular goods.  If there is any possibility that a larger 

pump might eventually be needed, to provide for a larger cross-sectional area for flow around 

the pump motor, and to provide for much greater convenience in future well rehabilitation, 

casing larger than 4-in. would be advisable.  Flush-joint fiberglass casing is available in nominal 

6-in. size, and possibly in other sizes between 4-in. and 6-in., and PVC casing is available in 5-

1/2, 5-9/16, and 6-in. sizes, with various wall thicknesses and strengths.   

 The collapse strength of the casing must exceed the greatest head-differential that 

might occur between the inside and outside of the casing, if distortion or collapse of the casing 

is to be avoided.  Because the groundwater head outside the casing may be essentially at land 

surface or even somewhat higher, it is probable that the greatest differential would occur when 

the well is being pumped.  This may be when the new well is being developed, or under some 

future condition.  A prudent approach might be to assume that a pump will be installed that is 

capable of drawing the water level in the well down to the top of the perforations in the casing.  
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As an example, if the top of perforations is at 250 ft, and the head-differential is thus 250 ft or 

more of water, equivalent to 108 pounds per square inch (psi) or more, the casing must have a 

collapse strength in excess of 108 psi, multiplied by an appropriate safety factor.  PVC and 

fiberglass pipe have greater wall thickness than steel pipe with the same collapse strength, 

which must be taken into account in the selection of casing sizes.  

 The borehole itself must be large enough to accommodate the outside diameter of the 

casing, plus an additional diameter to clear the outside diameter of a tremie for placing grout 

materials.  The tremie method, as distinguished from simply pouring the materials from the 

surface, allows for more precise placement of cement above the baskets, and permits the top of 

the cement to be tagged to verify that it is in place and has not been lost into fractures or fallen 

below the baskets, and similarly allows for verification of the top of the granular bentonite 

grout.  Conventional displacement cementing would be problematic because a bridge plug 

would be required in the casing above the perforated section, because it would not be possible 

to verify that the materials were properly in place, and because the cement remaining in the 

pipe would have to be drilled out, which would entail significant risk in non-steel casing.  The 

size of the surface casing would, of course, be selected to clear the bit diameter for the 

borehole itself.  The diameter of the surface hole would be at least 2 in. greater than that of the 

surface casing in order to comply with Colorado water-well rules (at p. 17), but a larger 4 to 6 

in. diameter difference (a 2 to 3-in. annulus) would help insure that cement is properly placed 

and settles without voids. 

 Cuttings samples should be collected during drilling, at 5-ft intervals, and bagged and 

labeled.  A driller’s log should be kept, and records of all materials used, placement depths, 

and drilling conditions, should be maintained and delivered to the owner.  A geolograph or 

other form of drilling-time log would be very useful, and would not add to the cost.  A suite of 

geophysical logs, although they would represent an extra cost not entirely necessary to a 

successful well, would provide a great deal of insight into the characteristics of the aquifer 

system.   

 The completed well should be developed by air-lifting and swabbing, preferably from 

discrete zones using an air-lift-development tool consisting of a bull-plugged length of 

perforated pipe with a swab rubber at each end.  The tool would be run on tubing or drill-pipe, 

with a small-diameter air line inside.  If 4-in. casing is selected, development may be restricted 

to bailing and air-lifting in the casing itself, because of the small running clearances.   
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 A formal pumping test with carefully controlled and measured discharge, and frequent 

water-level measurements during pumping, and during recovery for a period at least as long as 

the pumping period, would add greatly to the understanding of the aquifer, and would provide 

a baseline for comparative evaluation of the well’s performance in the future. 

 All materials installed in a well must be cleaned and disinfected before installation, and 

the well itself disinfected before it is placed in service.  The Colorado water-well construction 

rules (Colorado State Engineer, 2005, pp. 45-47) include a detailed description of the 

requirements. 

 Well Abandonment:  Any well that is no longer to be in use should be properly 

abandoned by pulling casing if possible, ripping the casing if it cannot be pulled, cleaning out 

to the greatest depth possible, placing cement plugs, and filling from bottom to land surface 

with suitable grout.  In the cases of the older Manitou Springs wells, the casing may be so 

badly deteriorated that, although it cannot be pulled, it no longer would impede the circulation 

of grout into all parts of the borehole.  A video survey to verify that this is the case, before 

work in the well commences, would be advisable.  The Colorado well-construction rules 

(Colorado State Engineer, 2005, pp. 47-48, particularly Sec. 16.3) give the required 

procedures.  Although the rules call for cement grout plugs, which are likely to fail eventually 

due to attack by acidic water, the plugs will support bentonite grout or clean clay that are 

permitted by the rules and which should effectively plug the well.  If bentonite grout is used, 

granular bentonite is likely to provide a higher solids content.  The requirement for adjusting 

the pH of the water in the well to provide for proper hydration of the bentonite, described 

above, would also apply to plugging and abandonment. 

Mineral Spring Pool 

 Whether a swimming pool fed by mineral water from the Manitou Springs aquifer can 

be supported depends on the makeup water requirement for the pool.  Clearly CO2 will not 

continue to evolve from solution, so that the water would effervesce, after the water has been 

added to the volume in the pool, and the general chemical quality would not change 

significantly over time, so that the water requirement would be only the amount to fill the pool 

once each season plus a small makeup amount.  A standard Olympic pool has a volume of 

about 660,000 gallons (2.03 ac-ft). 
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 A proposed design for a group of soak pools has been studied by the Mineral Springs 

Foundation (Water & Waste Engineering, 1998).   The design calls for a water supply of 

83 gpm, to be pumped 12 hours per day, or an equivalent constant pumping of 42 gpm 

(67 ac-ft/yr).  This is on the order of, but less than, the long-term flow from the Creighton 

Well.  A well capable of that production rate is a likely prospect anywhere within the 

demonstrated extent of the aquifer, although a pump is likely to be required.  Even if the well 

is in the eastern part of Manitou Springs, performance equivalent to that of the McClurg Well 

is not a certainty because open fractures with sufficient transmitting capacity may not be 

intersected.  

 Production from a well to supply the pool would probably lead to some change in the 

chemical characteristics of the water discharged from the existing springs and wells, assuming 

that the water requirement would be significant in terms of the aquifer’s water balance, and the 

location of the new well would govern the direction of the change.  The report of a change in 

TDS concentration in water from the Ute Chief Gusher in response to the shutting in of the 

Creighton Well in September of 2010 illustrates this effect.   

 If the new well were in the eastern, down-dip, part of the aquifer system, as, for 

example, in Schryver Park, it is likely that the westward and up-dip movement of high-TDS, 

high-CO2 water would be reduced because part of it would be diverted by the well.  The 

eastward encroachment of low-TDS surface water would be facilitated.  There is some danger 

that either iron-rich, high-TDS water, or fresher recharge water underlies the high-TDS water, 

but this seems unlikely because the head associated with the high-TDS water from farther east 

seems high enough to dominate the system, even if some pumping occurs.   

 On the other hand, if the well to supply the pool were near the western end of the 

system, the flow of high-TDS, high-CO2 water from the deep source would be increased as the 

head in the aquifer is lowered by some increment, and the concentrations in water from the 

existing springs and wells farther east may increase.  In neither case would the TDS and CO2 

concentration in water from the mineral-pool well itself remain constant if the pumping rate 

were equivalent to a significant part of the water balance.  Probably the water from a new well 

in the eastern part of the system would increase in TDS and CO2, and water from a well in the 

western part of the system would become fresher over time.  
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 A continuing withdrawal of 67 ac-ft/yr would be a little less than the long-term 

discharge of the Creighton Well.  If the Creighton Well were left shut it, the effect of a new 

pool requiring 67 ac-ft/yr would roughly offset the effect of the Creighton Well and the head in 

the aquifer and flow characteristics of others wells and springs would not change greatly.  On 

the other hand, if the Creighton Well continues to flow, a decrease in flow from other wells 

and springs can be expected. 

Water Right Protection 

Presumably Colorado law continues to protect valid water rights whether they are 

formally recognized in the CDWR records or not, but filing of  “Late Registration” for all 

springs and wells with no rights of record with CDWR would seem to be a step toward 

confirming that protection.  This is a legal question, however, not a hydrogeologic one, and it 

is raised here only to bring it to the attention of the Mineral Springs Foundation and the City. 
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Appendix A.   

Summary of chemical analyses, water from springs and wells at Manitou Springs. 
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Appendix B.   

Graphs showing LevelTROLL pressure transducer data for Iron Geyser,  
Mansions, Wheeler, Stratton, and Seven Minute Springs. 

 
















	Figures 1abc and 2_all 11x17.pdf
	Figure 1a.pdf
	Figure 1b
	Figure 1c
	Figure 2

	Appendix B_FigsB1-B7.pdf
	AppendixB_FigB1.pdf
	AppendixB_FigB2
	AppendixB_FigB3
	AppendixB_FigB4
	AppendixB_FigB5
	AppendixB_FigB6
	AppendixB_FigB7


