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o 4a. Black Canyon Well. The well was drilled by the Black.
s . ieli i the river

o Nt Canyon Oil Company on an anticline a short distance up th

MinWtrs

from the State Bridge, near Austin. At a dep'th of 225 feet. it
developed a strong artesian flow of highly saline Wa.ter'aecom-
panied by much carbon dioxide. The analysm of the brine was
made by Von Schulz and Low. .
This is the most highly mineralized water a,n‘a,ly'zed for this
report. It is also prominent in the matter of its lithium content.

CHAPTER IX

GENERAL DESCRIPTIONS OF THE MINERAL SPRINGS,

. BY ) A
, - D GEORGE AVALANGHE AND VICINITY, PITKIN COUNTY
ARVADA, JEFFERSON COUNTY

' The springs are along the Crystal River in the vicinity of
1.. Macalso Sulphate Water, ‘also called Golden Lithia Wate

Avalanche, a station on the Crystal River Railway in iPlt%‘:m
County. The springs are in an area of Ca%rboniferous and Perniian
sedimentary rocks cut by a diorite intrusion. 7 )
The flow of several of the springs is large, and that.% of the
others could be considerably increased by proper excavation.

5. The Bath House Spring issues from the diorite on the very
bank of the river at Avalanche Station, and is developefi by a log
bath house and a pool.

* Kearney Ranch, 4 miles northwest of Arvada. ;
There was formerly a spring, but the digging of a well 6

" oo, tloop diverted the water, and it is now taken from the well
~ Plans have been made for bottling and shipping the waters an
for erecting the necessary buildings for a resort, The surface for
mation is the Arapahoe of Tertiary Age. ' |

- SONINDRUM seRiNGs NEAR ASPEN, PITKIN GOUNTRY 6. The Cold Iron Spring is-loeated in a swampy area on the

2. The springs are in an area of Carbonifero‘us rocks at tim- east bank of the river, 145 to 34 of a mile below' the station. I.t. has

" ber line, near the head of Conundrum Creek, in the Sopris Na- formed a large deposit, but now issues at a point nearer ‘the river.
 tional Forest, They are about 14 miles south of Aspen, the most " 7. The Hot Iron Springis in asmeadow about V4 mile up th.e
poprentent railway point. ing river on the east bank. Gas accompanies the water. Much salt is

from the same limestone ledge, but only the southern group i deposited in the marshy area about the spring. The content of
Important. This consists of two fairly large springs and several ferrous bicarbonate is quite large. . ] )

small ones. The largest spring has a flow estimated at 25 gallons 8. This spring is about 100 yards above the last, but. the:
ber minute. The temperature of the water 151100° T,

i

COUNTY
3. Cold Sulphur Spring is near the entrance to the Black:

Canyon, about 450 yards up the river from the State Bridge. T

waters issue from g Cretaceous sandstone (probably Dakota), in
an. area of rounded shale hills. The flow ig about 15 \
minute. The water is rather str 1

‘draw their waters from different sources. The iron bicarbonate

AUSTIN AND VICINITY, DELTA content is like that of the preceding spring.

9. River Spring is on the very brink of the river at AV&}-'
lanche, and is covered by the river at high water. The flow 1§
small, but could be increased. ’

House Spring but on the opposite side of the river. The opening
has been covered by slide rock from the diorite and the water flows

4. Alkals Spring.  This is really a group of small sprin through the base of the talus.

jbetween the Sulphur Spring and the State Bridge.

Issues from a sandstone (probably Dakota), at a point about ¢

or 50 feet ab‘c)ve the Sulphur Spri

. ring.  The total flow is small
but proper excavation would probably increase it.

BARR AND VICINITY, ADAMS COUNTY

11. Colorado Carlsbad Water. The water comes from a well
90 feet deep, located 6 miles east of Barr. The place was once

notable differences in the basic elements make it clear that they-

©10. Hot Sulphur Spring is about 50 yards below the Bath.

5’45‘”@5@//
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fposition are in the proportion of the salts contained. Twé
lably higher in iron bicarbonate than the others.
The total flow is sufficient to justify development, and at \

203. The Mound. Spring is about 50 yards up the hill fr®
the Iron Spring. A mound of spring-deposited material 100
wide and 10 to 12 feet high represents the work of springs
reduced to mere seepages. There are several openings i
mound and from these water seeps and gas bubbles. The wa
of these springs were believed to contain arsenic, but the ana
did not show its presence.

Waters of the Bubbling Spring, the spring across the. g
and the Mound Spring are very similar in composition, an
ably have a common origin. The water of Clear Spring i
similar to these, but much less strongly mineralized. That. :
Iron Spring belongs to the same general class, but is comparatis
" weakly mineralized. It differs in details from all the others

204. The Watson Artesian Well is located 1 mile ‘sout
14 mile cast'of Siloam post office. The water flows from _@103
pipe which stands about 2 feet out of the ground. The yiel
very large and the water is used for irrigation. Gas is abw

and shipped.. The hotel was bm‘nt and has not been rebmlt
water is still used : : .

hése waters ave the most highly radioactive in the State.

STEAMBOAT SPRINGS, ROUTT COUNTY

211-224. This is the m*eatest 0'1‘oup of springs in Colorado
i8 located along the Bear or Yampa River in Routt County
he western slope of the Park Range. One of the springs which
rmerly made a noise resembling the puffing of a steamboat gave
name to the whole group and to the thriving town which has
wi.up about the springs. The Denver and Salt Lake Rallway
lishes easy access to this inviting resort.

The waters of the springs vary in temperature from 56° to
F. The mineral content is equally variable, and the flow
he springs ranges from-1 to 2 gallons per minute to possibly
gallons per minute for the Bath ITouse Spring. As a whole,
waters may be classed as saline sulphureted. In the flow of
rogen sulphide gas, the springs range from a mere trace to a
siderable volume. The quantity of carbon dioxide issuing is
remarkably varied from spring to spring.

SILVERTON, SAN JUAN COUNTY

205. Mweral Creelt Spring. This is known as an ir(mé
and is located about 4 miles up South Mineral Creek. Th
roundings of the spring suggest the possibility of develop
considerable flow, but the water is very weakly mineralizéd
most important constituent is ferrous blcarbonate The
issues from a sandstone. ' ,

o ain storms, showing that the surface waters must have ready
S to the spring channels. This fact makes it difficult to esti-
he sahmty of the spmncr Wa‘terq proper, or the volunie of
Compared with the Volun “of wal T under normal condlmons
The springs are near the contact of the pre-Cambrian area of
Park Range and the steeply upturned Mesozoic sédimentary
flanking the mountains. The lwest-and oldest of the- 'ét’réfi-
ocks are probably of Jura-Triassic age. Followmg thése are
Dakota sandstones and shales, whlch are, in turn, overlaid: by
ancos group. In the spring zone these sedunentary rocks
charged with sulphur and salts deposited from spring waters.
istance from the spring area the formations have then‘
ppearance and composition. :
all the spring waters analyzed sodium is by far the mosf

'SOUTH FORK, RIO GRANDE COUNTY
, 206. Million’s Springs. The group of cold springs is
on the Scuth Fork of the Rio Grande about 5 miles above
Fork station and post office.  Three of the springs have a f
8eto 10 gallons each per minute. They issue from a grani

by porphyry dikes. The waters are weakly mineralized:

S‘PRINGDALE, BOULDER COUNTY

207-210. The springs are on Lefthand .Creek about$
northwest of Boulder, and 2 miles below the mining: ‘cam
Jamestown. They are reached by a good automobile r
. Boulder. ~
The country rock is pre- Cambrian granite and gneiss:
are four springs yielding waters very similar in characte

ate and the chloride. Next in importance as bases come potas-
probably rising from the same deep source. The differen

and caleium, but they fall far short of the rank of sodium.

ne Springdale was a popular Lealth resort. Much water was botL -

The flow of several of the springs is immediately increased .

ortant. base. ' Tt appears to occur mainly in the form of bicar--

T
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Fig. 33. Soda Springs, Steamboat Springs.

Fig. 34. - Navajho Springs, Steamboat Springs.

Fig. 32. Iron Spring, Steamboat Springs.
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NUMBER 211
MACALSO LITHIA AND MAGNESIA SPRING

Location—Steamboat Springs, Colo.

Class of Water—Sodic, bicarbonated, muriated, alkaline-saline, ferrugl
nous, potassic, (carbondmxated)

Milligrams
per liter
s Approximately Reacting
Constituents - Formula parts per value
. B ) miilion percentage
Silica . vovvriin i e e Si0, 848 . - ...l
Sulphate .......cciiiiiiiiiana.. SO, 485.6 4.99
Bicarbonate ........... ... .. ..., HCO, 3252.8 .26.28
Carbonate ..........c.ecininennns CO, None ... ...
Phosphate ...........cviiiiininnn PO, None =~ ......
Chloride .....cvviinvnernrnrenranns C1 1345.5 18.73
6o} o R SN Fe ... .07
Aluminum ....o.vvneiinriiienianan Al Lol L
Iron 0Xide .vivvvini s Fe,0O,
Aluminum oxide ............... A1,0, § S5 e
Manganese ......vevieenernnaaans Mn . None i
Caleium ...o% e iiii e it e e Ca 112.76 2.77
Magnesium ...ccooieieiiiiienian. Mg 31.9 1.29
Potassium .........ovvrinvienennnnn. K 155 1.96
Sodiumd e Na 2047.5 43.91
Lithium ....ooeiviinelnenneenne., Ld, Trace ...
b
7521.36 100.00
Oxygen in Fe,0p....... e 1.65
Total...... 7519.71
Concentration value ........ 202.8 Excess carbon dioxide...... 1173 - =
Hydrogen sulphide, H,S.... Trace - Iron precipitated .......... 6.81
Arsenic, AS ......cvvniis, Evaporation solids ......... 6059 -
Strontium, Sr ............. None Oxygen consuming capacity. 2.24.
Hypothetical Combinations
Milligrams per liter, approximately parts per million
Lith. chlor., LiCl...... P Trace Calc. bicarb, Ca(HCO,),... 455.96 |
Pot. chlor,, KClL........... 295.6 Iron and aluminum oxides,
Sod. chlor,, NaCl.......:.. 1986.6 Fe, 0, ALO; oovovt
Sod. sulph.,, Na,SO,........ 718.11 Calc. silicate, CaSiOy...... .....
Mag. sulph.,, MgSO,........ ..... Silica, SiO, ............... 84.8
Cale. sulph.,, CaSO,........ ..... Mang. oxide, Mn,0O,........ LR
Cale. carb.,, CaCQOg.vevvver oae.. Mag. bicarb., Mg(HCO,),... 191.96
Ferrous bicarb., Fe(HCO,), 12.25 Sod. bicarb., NaHCO,...... 37745
0] 7 7519.78
Properties of Reaction in Percent )
Primary salinity ........... 47.44 Primary alkalinity ......... 44.30
Secondary salinity ......... . Secondary alkalinity ....... 8.26
Tertiary salinity ........... Tertiary alkalinity .........
Radioactivity h F

Temperature; °C, 24.0. Temperature, °F, 75.2, .
Curies Ra Emanation per liter x 10-'°, Water, Trace; Gas, Trace, 109
Mache Units per liter, Water, Trace Gas, Trace, 1.79.
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NUMBER 212
BATH HOUSE SPRING

Location—Steamboat Springs, Colorado.
Rate of Flow—250 to 300 gal. Temperature—104° F.
Class of Water—Sodic, muriated, carbonated saline.

Milligrams
per liter .
Approximately Reacting
Constituents Formula parts per value
million percentage
Silica oot e 8i0, 476 ...
Sulphate ......coiiiiaiiii... SO, 141.37 10.13
Bicarbonate ........... ... ol HCO, 100.18 5.65
Silicate .....viniii i 8o, ... 1.34
Carbonate ......... .o, CcOo, 11.73 1.34
Phosphate ............o.o il PO, Trace ..o....
Chloride ......covveiiniinennvnnns Cl1 323.98 31.54
| §703 + O PN Fe @ cooeve 0 iiiaa
Aluminum ..., Al ooooo. el
Iron oxide .......icovvuiiniana, Fe,0,
Aluminum oxide ............... AlLC, } 225 ..
Manganese .........covuiiuiniannaan Mn None  .ue...
Caleium .....ooiiiiiiiinninan. Ca 20.96 3.58
Magnesium ......oveevnnienaeinan Mg Trace  eeen..
Potassium ........... ... .. ..., K 16.37 1.45
Sodium ...l Na - 299.9 44.97
Lithium ......... ... . ..., e Li None  uun..
Oxygen to form SiOz... ...t ' 313 ...
Total, .. .- 967.42 100.00
Concentration value ........ 29.00 Excess carbon dioxide...... 36.13
Hydrogen sulphide, H,S..... Trace Iron precipitated ...... . None
Arsenic, As ............... e Evaporation solids ......... 884
Strontium, Sr ............. None Oxygen consuming capacity None

HypotﬁétiAcal Combinations
Milligrams per liter, approximately parts per million

Lith. chlor,, LiCl.......:... None Calc. bicarb.,, Ca(HCO,),... - 53.04_

{ Pot. chlor., KCl........... 31.22 Iron and aluminum oxides,
| Sod. chlor.,, NaCl.......... 509.6 Fe,0, ALO, ....... ... 2.25
¢ Sod. sulph.,, Na,SO,........ 209.06 Calc. silicate, CaS8iO,...... 22.76
Mag. sulph., MgS8SO,........ Trace Silica, Si0, .......coennnn. 35.81
Cale. sulph., CaSO,........ ..... Mang. oxide, Mn,O,........ e
Cale. carb.,, CaCOp.vvvnoe. ..l Mag. bicarb., Mg(HCO),... .....
Ferrous bicarb.,, Fe(HCO,), ..... Sod. bicarb, NaHCO,...... 82.98
Sod. carb., Na, 0Oy oo .. 20.72
100 ) - ) N 967.44

Properties of Reaction in Percent
Primary salinity ........... 83.34 Primary alkalinity ......... 9.50
Secondary salinity ......... Secondary alkalinity ....... .. 7.16
Tertlary salinity ........... Tertiary alkalinity ......... L.
Radioactivity
Temperature, °C, 39.5, 39.5; °F, 103.0.

Curies Ra Emanation per hter x 10-*, Water, 1.2; Gas, 13. 35 7.9.
Mache Units per liter, Water, 0.21; Gas, 3.61, 1. 31
Remarks—Schlundt.
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‘NUMBER 214
. BUBBLING SPRING

Location—Steamboat Springs, Colorado.

Rate of Flow-—65 to 70 gal. Temperatﬁre——75° F.
Class of Water—Sodic, bicarbonated, muriated, alkaline-saline, ferrugi-

NUMBER 213

HERON SPRING
Location—Steamboat Springs, Colo.
Class of Water—Sodic, blcarbonated, muriated, alkaline-saline, (carbon

dioxated). nous, (sulphuretted, carbondioxated).
Milligrams Milligrams
per liter per liter .
. Approximately Reacting . ) Approximately Reacting
Constituents Formula parts per value Constituents Formula parts per value
million percentage - million percentage
SHHCA .+ttt $i0, 181 ... SHICR . vneieiie S10, 222
Sulphate ... 000 50, 214.8 485 Sulphate ........ RAOERERRERAE™ SO, 58L9 . 281
Bicarbonate ...n................ HCO, 1760 31.20 icarbonate ......... ... Lt HCO, 3135.16 . 25.90
SIHEAte vuvvrsssn s Sio; ) . ‘66 arbonate .......... . . i, CO, None  ......
Carbonate .................... co i\fdne : hosphate ...... .. ... ... ....... PO, . None  ......
Phosphate ...................0°" POj None T hloride ......c.ooviiivenneinnnnnn. Cl 1285.7 18.29
Chloride ..............00 00U Cl 435.8 13.29 . ITOM e Fe NEREE 06
IPOML ovvsnnsnnsnn, Fe ... oL TATUuMInUm . .vvinn i Al Loaa.o Ll
ATUMINUM. +oveorenrnn s Al 1lron oxide ........ i, Fe,0,
Iron oXide vuvvvrvriininannn... Fe,0, ' luminum oxide ............... 20 5 e
Aluminum oxide ............... ALO, § 50 L. Manganese «..ocverueennerennenens Mn None ...
MANganese vo.oveursonrvnnnnnnnnn.. Mn None R alefum ...... ..ol Ca- . 140.83 3.54
CaleitiIn .« vveens oo Ca” 176.43 952 Magnesium ......c.vcvveernenvenas Mg 36.05 1.50
MAagneSium . .ovverrrnrsnnnnnn, Mg 55 97 493 Potg,ssmm ......................... K 22 9 29
Potassium ..v.onnors e UK 52.62 1.46 0dium ....oiiii Ng 2034.75 44.61 -
Sodium .......... o Na 794.35 ) 34.09 . Lithium ..vvoiii it i i, i None  ......
Lithium ................. P i None  ...... B 7933.34 100.00
Oxygen to form SiOp................. 80 L. ‘ ' ) ’
& ~ ? . 480 R Oxygen in Fe,Op0 oo ivvevvenin e, 1.43
. Total...... 3447.67 £ 100.00 Total. .. ... 7931.91
Concentration value ........ 92.40 Excess carbon dioxide...... 634.64 :
Hydrogen sulphide, H,S..... Nonme Iron precipitated .......... 141 dconcentration value ........ 198.3 Excess carbon dioxide...... 1130.5
Arsenic, As ...... IRERRER -+ _:--+ Bvaporation solids ....... ... 2558 Hydrogen sulphide, H,S..... 14.71 Iron precipitated ....... ... None
Strontium, Sr ............. None Oxygen consuming capacity None Arsenic, AS ............... .... . Bvaporation solids .........5494
Hypethetical Combinations Strontium, Sr ............. None Oxygen consuming capacity. 0.18
Milligrams per liter, approximately parts per million Hypothetical Combinatidns
Lith. chlor. LiCl A Cale. bicarb. Fo(HCO.) 666.7 Milligrams per liter, approximately parts per million
D 510 D N . " e ie . . . .
. Pot. chlor., KCl....o...... 100.34 Iron and aluminum oxides, ~ aLith, chlor,, LiCl........... ..., Cale. bicarb.,, Ca(HCO,),... 5695
Sod. chlor., NaCl.......... 639.8 Fe,0., ALO, ............ 50 - iPot. chlor, KCl........... 41.95 Iron and aluminum oxides,
Sod. sulph., N&,SO,........ 317.6 Cale. silicate, CaSiO,...... 34.93 -iSod. chlor,, NaCl........... 2086.8 Fe,0n ALO; oovvvvnininn el
Mag. sulph., MgSO,..... e Silica, Si0, ......vvenenn.. ... iSod. sulph., Na,SO.:...... 816.16 = Calc. silicate, CaSi0,...... ..
Calc. sulph, CaSO...vvvvr on... Mang. oxide, Mn,0,........ . Mag. sulph.,, MgSO,........ ..... Siliea, 810, ............. .. 222
Cale. carb, CaCOp........ ..... Mag. bicarb.,, Mg(HCO,),... - 332.6  |Calc. sulph, CaSO,........ ..... . Mang. oxide, Mn,O,........ =.....
Ferrous bicarb., Fe(HCO,); ..... Scd. bicarb., NaHCO,...... 1350.7 (Cale. carb, CaCOp........ ... Mag. bicarb, Mg(HCO,)... 2169
e\ AFerrous bhicarb., Fe(HCO,), 10. 58 Sod. bicarb., NaHCO,...... 3468.0
TOtAl i e e e 3447.67 : :
, . T - P 7232.08
.Properties of Reaction in Percent
Primar saiinit ’ 3698  Pri Kalinit 2087 Properties.of Reaction in Percent.
Secondil‘y salin};t}" """"" ’ S;lcx::;i’x;la?kl'lnllinyit}; """" 28.90 Primary salinity ........... 48.20 Primary alkalini.ty. ......... 41.60
Tertiary salinity ........... Tertia;y alkali(nit """" : 4 Secondary salinity ......... .... Secondary alkalinity ....... 10.20
"""""" i Voorenennnn Tertiary salinity ........... .... Tertiary alkalinity .........
- Radioactivity : . e
Radioactivity
Temperature, °C, 24.0, 23.8. Temperature, °F, 75.2. c
Curies Ra Emanation per liter x 10-, Water, 9.05. 14.3: Gas, 25.0, 51.5. - Temperature, °C, 23.5. Temperature, °F, 74,2 ,
;(wrho Units per liter. Water, 944, 9.29: Gas. 9.45. 8.63. : }(;‘(mas Rz Emzunailon per JSwr y 109, fips. 4174
NP RERE ACTIVILY, (e e, x I ] it L1 pay [itar, (g “,
NP SO VAV A T Neme p as, 10
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B NUMBER 216

NUMBER 216
STEAMBOAT SPRING
| Location—Steamboat Springs, Colorado.

HOT SPRING

Location—38 mi. N. of Steamboat Springs.
Rate of Flow—30 to 35 gal. per min. 12 to 15 gal. per min. F
80 to 100 gal. per min. Temperature—148° F.

443

I Class of Water—Sodic, bicarbonated, muriated, alkaline-saline, potassic,

(sulphuretted, carbondioxated).
Milligra
Class of Water—Sodic, muriated, carbonated, alkaline-saline. A Serl’firt:xpsl React
Mﬁgg%ﬁz‘ps ) onstituents Formula pg;.?:?é'?gre ¥ sra:ﬁulgg
Approximately Reacting . . million percentage
Constituents Formula pa.rltls per va,lute ) iSilica ... Si0O, 23.2 e
. . million percentage - Sulphate .................. .. ... S0, 599.6 5.95
Sl e I S0, Ss4 e R HCO, 3184.2 24.87
........................ . . 91 .
Bicarbonate .......... " T HCo 1407 1493 ; arbonate ......... ... i, co, None i
1Carna +\Jg Phosphate ............. ... ... ... PO None Ceeeae
Silicate .....veiiiiiiiiin., 8i0, ..., 312 : : : e
Vg hloride .......... ... . .. .ol Cl1 1427.7 19.18
Carbonate .......... P co, - 4.69 .97 on ) Fe 09
Phosphate ........ocooviniiiin.t. PO, None  ...... 1umi£1'u'1ﬁ """""""""""""""""""" INEE :
Chloride ...........cciiiiia.... C1 . 136.92 25.07 e ... F .O """ oo e
Iron oovoinniii Fe - . (o OXIGE e 20 7.25
“Aluminum . . A luminum oxide ............... Al, O, ) I
ide | Tt T TANZANESE vvvvevrrvnnennnensns sin © Nome  ......
Iron oxide ......covvviiiiinn. Fe,O,
Aluminum ogide T ALO. } Y QLCTUIL « v vvernneei 000 Ca 121.4 292
Manganes : 114 None AENGSIUML v evevrrrrrnnnnrneenans Mg 28.78 1.11
Colop 8BS cecesrrenreneicneenrens oy 5 ' N OtASSIUM oovwrreereriereenannnns K 162.5 1.98
Mz;}‘ggmm ----------------------- MZ NoZ{e : L Na 2120 43.90
POLASSIUM ... ovrnnrnrnnnnss oK 11.14 Y82 dthium ... Li Trace  ......
Sodium ......... .. i, Na 162.2 45.78 7674.63 100.00
Lithium .oovvvevniinnin e, Li None  ...... . :
Oxygen to form SiO...rvrrveeneon.. 388 ... Oxygen in Fe,O0p.oovevvnrneionns 2.18
JUSEES S
Total. ..... 60L.52 100.00 . Total....... 1672.45
. ) ‘ _— ' ; tration va:h;e*f‘.‘ ..... 210.00 Excess carbon dioxide...... 1148.2
Concentration value .,...... 15.40 Excess carbon dioxide...... 50.74 oncen ¢ S Latd
Hydrogen sulphide, H,S...." None Iron precipitated .......... None Iggdro.genAsulphlde, HS..... 17.52 1;3: é)::tcigg.tag??d """" L '587‘3'65
Arsenic, As ..... e ‘*.... TEvaporation solids ......... 552 Strs:x?tlic'm Ss};'“. ---------- None Ox pen consimins anasity. . 388
Strontium, Sr ............. None Oxygen consuming capacity. 0.47 um, ST .eeeveaeao.s _ yE g capacily. .
Hypiothetical Combinations Hypothetical Combinations
) } . e Milligrams per liter, approximately parts per million
Milligrams per liter, approximately parts per million
grams p P P Lith. chlor, LiCl.......... Trace Calc. bicarb., Ca(HCO,),... 490.9
Lith. chlor, LiCl...~...... ..... Iron and aluminum oxides, |Pot. chlor.,, KCl........... 309.9 Iron and aluminum oxides,
Pot. chlor., KCl........... 21.24 Fe,0, ALO, ............ 25  4Sod. chlor., NaCl.......... 2110.9 Fe, 0, ALO; oo oL,
Sod. chlor,, NaCl........ o.r 2091 Calc. silicate, CaSi0,....... iSod. sulph., Na,80,........ 886.7 Cale. silicate, CaSiO,...... .....
Sod. sulph., Na,SO,........ 64.34 Silica, Si0, ....... i “iMag. sulph., MgSO,........ ..... Silica, Si0, ............... 23.2
Mag. sulph., MgSO,........ ..... Mang. oxxde, Mn,O4 ........ ‘iCalc. sulph., CaSO,........ ..... Mang. oxide, Mn,O,........ e
Calc. sulph.,, CaSO,........ ..... Mag. bicarb.,, Mg(HCO,),... Calc. carb.,, CaCO,......,. ..... Mag. bicarb.,, Mg(HCO,),.. 173.2
Cale. carb.,, CaCO,......... .. Sod. bicarb., NaHCO,....... E‘errom, blcarb, Fe(HCOQ)z 16.15 Sod. bicarb.,, NaHCO,...... 3661.7
Ferrous bicarb., Fe(HCO,), ..... Sod. carb., Na,CO;......... . -
Cale. bicarb.,, Ca(HCO;),... ..... Sod. silicate, Na,Si0;...... L E R PP S 7672.45
B0 ) AP : Properties of Reaction in Percent
R Lo {Primary salinity ........... 50.26 Primary alkalinity ..... ..o 4150
Properties of Reaction in Percent . dSecondary salinity ......... .... Secondary alkalinity ....... 8.24
Primary salinity ........... 61.96 Primary alkalinity ......... ....:{Tertiary salinity ........... .... Tertiary alkalinity ......... R
Secondary salinity ......... .... Secondary alkalinity ....... :
Tertiary salinity ........... «v.: . Tertiary alkalinity ......... Radioactivity
Curies Ra Emanation per liter x 10-°, Gas, 2.39.
v

Mache Units per liter, Gas, 0.65.
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NUMBER 217 NUMBER 218

. ) SODA SPRINGS
; ocation—Steamboat Springs, Colorado.

Rate of Flow— Temperature—59° F.

lass of Water—Sodic, bicarbonated, muriated, alkaline-saline, magnesic,
(carbondioxated). | :

CRAWFORD SPRING

Location—Steamboat Springs, Colo.

Class of Water—Sodic, bicarbonated, muriated, alkaline-saline, (carbon

dioxated, sulphuretted). - Milligrams

Milli%rtams per liter
per liter <i . R
Approximately Reacting onstituents Formula Apl),))g(;‘ttémpzexxt*eh E R%aéciggg
Constituents . Formula parts per value million percentage
million percentage D Si0, 221 L. '
Silica, ... o i Si0, 299 ... ulphate ....ooeonnennn, SO, 229.6 5.18
-Bulphate ...l 80, 546.3 5.59 icarbonate ................ ..., HCO, 1736 30.84
Bicarbonate .................... HCO, 3267.1 26.27 joarbonate ......... ... ..., Co, None ...,
Carbonate .......ooevvivinnennns. co, Nome ..., hosphate ..................... ..PO, None  ......
Phosphate ................ ... ... PO, None . ..e.... hloride ....ovovinenvininnnnnn.. C1 457.5 - 13.98
Chloride .......c..civvuinnnnnnn.., C1 1310.8 18.14 ) P Fe ...... 06
IO ot Fe Lob. .03 luminum . ....ooiiiiLL Al Do i
Aluminum .......cvoviiieiiiiien., . ONn OXIAE « v v e, LFe,0; ]
Tron oXide :v...ovvvriininnnn. Fe,u, o7 : . “Aluminum oxide ............... ALO, | 25 e
Aluminum oxide .:............. ALO, B e Manganese ........c.coiiiiiiinnn. Mn None  ......
Manganese ....................... Mn None  ...... Laleium ..ooveiiiiii i Ca 192.93 10.43
Caleium ... ... Ca . 130.66 - 3.20 AENESIUML & vt venereeereannnnnn. Mg 54.40 4.84
Magnesium . .......oonennnn.. ... Mg - 35.83 145 HUOLASSIUML voeveeennneraneeinnannas K 73 2.03
Potassium ......... et K 124.5 157 OQIUIL + v vve e ot eeeee e e Na 692.5 32.64
SOQIUML « v eeervranveenennnrrennns Na 2051 43.75 fthivm ............... e Li ‘Nome  ......
Lithium .o.vvvt i iieiniienneennn i . Trace ... . e
b 3461.13 100.00
7498.84 - 100.00  Joxygen in Fe,0pecvvernirnirnenannnn. .75
Oxygen in Fe,O;.......cvvuu... N .83 .
Total...... 3460.48
Total...... 7498.01 : ) !
JConcentration value ........ 92.26 Excess carbon dioxide...... 624.6
. L 4Hydrogen sulphide, H,S..... Nonz Iron precipitated .......... 2.11
Concentration value ........ 203.8 Excess ca}"pon dioxide...... 1178.7 Arsenii, AS . e o Evaporation solids ........ L9974
Hydrogen sulphide, H,S..... ' 19.37 = Iron precipitated -.......... 0.5% IStrontittm, ST .....ooeenn-.. None Oxygen consuming capacity. 3.31
Argenic, As ............... .... Evaporation solids ......... 5869 . .
Strontium, Sr .............. _None Oxygen consuming capacity. 13.99 ) Hypothetical Combinations
) Milligrams per liter, approximately parts per million
Hypothetica] Combinations {Lith. ehlor, LiCl........... ..... Calc. bicarb.,, Ca(HCO,),... 780.1
Pot. chior, KCl........,.. 139.2 Iron and aluminum oxides,
Milligrams per liter, approximately parts per million Sod. chlor, NaCl.......... 645.1 Fe,0, ALO; covviiiviin Lol
. ) . Sod. sulph., Na,80,........ 339.5 - (Calc. silicate, CaSiO,...... .....
Lith. chlor., LiCl.......... Trace Cale. bicarb, Ca(HCO.).... 5284 |Mag sulph., MgSO...ovve L.un Silica, Si0, ............... 22.7
Pot. chlor,, KCl........... 237.4  Iron and aluminum. oxides, Calc. sulph, CaSO......... ..... Mang. oxide, Mn,O,........ U
Sod. chlor.,, NaCl.......... 1974.8 14"e,0ni .Alzoa ..... SRARREEE e Calc. carb,, CaCOpvrvvnnn onn.. Mag. bicarb., Mg(HCO,),... 327.3
Sod. sulph,, Na,SO,........ 807.8  Calc. silicate, CaSi0;...... ..... Ferrous bicarb.,, Fe(HCO,), 557 Sod. bicarb., NaHCO,...... 1201.0
Mag. sulph.,, MgSO,........ ..... Silica, Si0, ............... 29.9 v )
Cale. sulph., CaSO,........ S Mang. oxide, Mn,O,........ ERREE S T B 3460.47
Cale. carb, CaCOgp.vnvvvn. oon.. Mag. bicarb.,, Mg(HCO,),... 215.6 | . o :
Ferrous bicarb. Fe(HCO,), 6.1 Sod. bicarb.,, NaHCO,...... 3697.7 Properties of Reaction in Percent
e« 1 - ——— {Primary salinity ........... 38.32 Primary alkalinity ......... 31.02
Total ...ovviivniiiian.. e e e e e e 7497.8 |Secondary salinity ......... .... Secondary alkalinity ....... 30.66
. Tertiary salinity ........... .... Tertiary alkalinity .....
Properties of Reaction in Percent’ , . Radioactivity :
o ; - . . Temperature, °C, 15.0, 14.8. Temperature, °F, 59.1.
Primary salinity ....... vve. 4746  Primary alkalinity ......... 43.18 ? A . ! .
Secondary s:‘;l;nity ......... Secondary alkalinity ....... 9.36 20.5 Curies Ra Emanation per liter x 10-°, Water, 13.58, 2.55; Gas, 60.30,
Tertiary salinity ........... v, Tertiary alkalinity ......... .. - Mache Units per liter, Water, 3.67, 0.43; Gas, 16.28, 3.46.
Permanent Activity, Grams Ra per liter, x 10-, None.
. Remarks—Schlundt.
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NUMBER 219 NUMBER 220

MAGNESIUM SPRING MOFFAT SPRING

Location—Steamboat Springs, Colorado, ocation—Steamboat Springs, Colorado.

lass of Water—Sodic, bicarbonated, muriated, sulphated, alkaline-saline,

Class of Water—Sodic, bi iated, , ine-saline, ’ ¢
80 a Sodic, bicarbonated, muriated, sulphated, alkaline-s ' potassic, ferruginous, (carbondioxated, sulphuretted).

potassie, ferruginoﬁs, (carbondioxated, sulphuretted).

Milli%_rams
Lﬁig‘g%{fgps onstituent F . Apppreo%i;rt'gtely Reaclting
i tin ituents ormula parts per value
Constituents Formula Apg;c;}tcslr;;ﬁely R%:(l:ue & . . million percentage
million percentage Hica . .ovni i Si0, 253 ...,
SIHCA v vrier e i e Si0, 32.0 D e < Mulphate ... i i, S0, 591.7 5.83
SBulphate ............... e SO, 505.0 6.20 dicarbonate .................... HCO, 3263.6 25.24
Bicarbonate .................... HCO, 2623.2 25.38 arbonate ............. ... iu... Co, None R
Carbonate ......cvvvvevnennnnnnnn CO, None =~ ...... ‘ Phosphate .........ciiininiinnn. PO, None  ......
Phosphate ............. ... i, PO, None hloride ..........................Q1 1421 18.93
ChIOTIde ..vvvrvnvnnrrrineeennnnans C1 1107.0 D182 T On e e Fe ... 05
IFON ceiieiiniennns e Fe ...... 08 o Aluminum ..., 8
ATUMINUIL - v iventnrennenninissnns Al P rOnL OXIAE «vvrrnnnnn.. e Fe, 0 J
Iron oXide «..vvvvininninena.. Fe,04 luminum oxide ............... HoR } 3% e
Aluminum ‘oxide ............... Al,0, } 55 e : [aDZANeSe .. ovvtneriienineeenns Mn None  .eee.n
Manganese ........ e, Mn None R faleium . .oveii i Ca 1117 2.64
Caleiim . vvvvreeniameneeannnarans Ca 93.52 2.7¢ EHESIUM v ivvirniiniennenanne Mg 31.79 1.24
Magnesium ..... e Mg 25.12 . 1.22 tassium ... K 124.0 1.50
Potassium .......coovviniiininn. K 100.6 1.52 - 1S EATS ¢ o T Na 2172.0 44.57
SOAIUM +vve e i iriiinranans Na 1731.6 44.43 Lithium ........ ... . i, Li Trace L e )
Lithium ooovvvennnreivnennnnaieens Li "Trace e . -
: s a : 7744.84 100.00
6223.5 100.00 xygen in Fe,0p.ionvniiinnnnnnennns 1.1
Oxygen in Fe,05. .00, 1.6 ’ —e
e Total...... 7743.74
Total...... 6221.9
b oncentration value ........ 211.84 Excess carbon dioxide...... 11717
Concentration value ........ 169.48 Excess carbon dioxide...... 945.9° Hydrogen sulphide, H,S..... 16.30 Iron precipitated .......... 0.94
Hydrogen sulphide, H,S..... 2419 Iron precipitated .......... 1.06 Mrsenic, As .........oui... .... Evaporation solids ......... 5896
Arsenic, AS ........cieunnn .... Bvaporation solids ......... 5114 rontivm, Sr .............. None Oxygen consuming capacity. 1.73

Strontium, Sr ........ .. ... None Oxygen consuming capacity.

- Hypothetical Combinations
Hypothetical Combinations

. . . . Milligrams per liter, app’roximate‘ly parts per million
Milligrams per liter, approximately parts per million

ith. chlor, LiCl.......... Trace Calc. bicarb.,, Ca(HCO,),... 4517
Lith. chlor., LiCl.......... Trace Cale. bicarb, Ca(HCO,),... 378.2% »ot. ehlor., KCl........... . Iron and aluminum oxides,
Pot. chlor.,, KCl........... :191.8 Iron and aluminum oxides, i Fe,0,, ALO; oot iiiiieanr ol
Sod. chlor., NaCl.:........ 1674.6 Fe,0, ALO, ............. Calc. silicate, CaSiO;...... .....
-Sod. sulph., Na,SO........ 746.8 Calc. silicate, CaSiQ,...... Silica, Si0, ...l 25.3
Mag. sulph.,, MgSO,........ ..... Silica, Si0, ........uvnn.. ‘ Mang. oxide, Mn,O,........ .....
Cale. sulph,, CaSO,........ ..... Mang. oxide, Mn,O,........ -....v Bale. carb., CaCO,evnnvnne on... -Mag. bicarb.,, Mg(HCO,),.. 191.3
Cale. carb., CaCOyu........ ...... Mag. bicarb., Mg(HCO,),.. 151.6 " ferrous bicarb., Fe(HCO,), 8.3 Sod. bicarb., NaHCO;...... 3798.3.
Ferrous bicarb., Fe(HCQ,), 12.2 Sod. bicarb., NaHCO,...... -
. U T Ao - S R T743.7
Total

Properties of Reaction in Percent . Properties of Reaction in Perccnt

Primary salinity ........... 49.24 Primary alkalinity ......... 66 40 ity o 4952 Primary alkalinity ......... 42.52
Secondary salinity ......... ... Secondary alkalinity ....,... 810 . - .~ "7 oo ottt -+« Secondary alkalinity ....... 786

Tertiary salinity ........... .... Tertiary alkalinity Lip g OTHATY SAUDILY ---- Tertiary alkalinity ...
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NUMBER 221 NUMBER 222

RUMBLING SPRING
SECOND SPRING )

ocation—Steamboat Springs.

Location—Above Steamboat Spring, Steamboat Springs. ‘Rate of Flow-— Temperature—77° F.
Rate of Flow—15 gal. Temperature—380° F. ;;Class of Water—Sodic, bicarbonated, muriated, sulphated, alkaline-
Class of Water—Sodic, bicarbonated, muriated, sulphated, alkaline-saline, |  saline, ferruginous, (carbondioxated, sulp‘hlfretted).
potassic, (carbondioxated, sulphuretted). Mplgxi:iligns
Milligrams . Approximately Reacting
Appxi%;?ntfz:zrtelv Reacting Constituents Formula p;zi-hsigsr e&%mz .
Constituents Formuia parts per value i ' 7o) P €
illion percentags | Plca ...l Si0, 29.2 . L.l
Silica «vovnennn.. e Si0 Y cgfudphate Lo S0, 569.9 5.90
Sulphate ............. o o SOj 583.8 icarbonate ........... ... ... HCO,. 2991.6 24.39
Bicarbonate ..cv.vvevrenernnnonn HCO:‘ . 3388.2 ) arbonate ...... P . .C\‘Oa None L iieeee
/ Phosphate .............. ... ... ... PO Trace ...,
Carbonate ...... RN e Cco, None Foeeees ; 4.
Phosphate ...........iviiieinnnn. PO, None e hloride ............cooiiiiin Cl 1406 19.71
Chloride .. ........... e al 1436 ’ 879 e Fe ... .05
TPODL wevnn o, Te ... AlUMInUm. .o Al C e e
Aluminum .........eovnnnn... P Al o [ron oXide ................oeiL. Fe,0q
Iron OXide ..ovvvnrereneenenn... Fe,0, ) Aluminum oxide ............... ALO, 425
Aluminum oxide ............... Al,0,4 } 325 L Manganese .............ovuennn ....Mn, None  ......
Manganese .............o..inuun.. Mn None ..., Caleium ..oovveiiiiiiiiiii e .Ca 109 2.71
Calcium ......... e Ca, 116.0 . Magnesitm «.oovoveernnennnenneas Mg 26.76 1.09
Magnesium ......... ... ..., Mg 32.11 . Potassium ....................... ..K 35.0 45
Potassium ...........cooiiieeen... K 157.5 Coodium L. Na 2114 - 45.70
CSodium .. e Na 2200 Lithium ....ovevvniioi i, Li Trace = ......
Lithium .......... ..t Li Trace ... -
7285.7 100.00
! - 794146 Oxygen in Fe,O5...0viivviiiiiin.s. 1.3
Oxygen in Fe,0p . oo, 9
R 098 Total...... 7284.4
Total...... 7940.48 [Concentration value ........ 20112 Excess carbon dioxide...... 1078.8
: . Hydrogen sulphide, H,S..... 2791 Iron precipitated .......... 0.83
Concentration value ........ 216.36 Excess carbon dioxide 12218 Arsenic, As ....... ... ..., .... Hvaporation solids ......... 5881
Hydrogen sulphide, H,S..... 24.64 Iron precipitated .......... . Strontium' [ None Oxygen consuming capacity. 0.27
Arsenic, As ............... - .... Bvaporation solids ......... | ’
Strontium, Sr SEEES SERERRRE None Oxygen consuming capacity. Hypothetical Combinations

: Milligrams per liter, approximately parts per million
Hypothetical Combinations 1

; ) ith. chlor.,, LiCl.......... Trace Calc, bicarb., Ca(HCO,),... 440.8
Milligrams per’ liter, approximately parts per million {Pot. chlor.,, KCL............ 66.7 Iron and aluminum oxides,

. . o Sod. chlor., NaCli.......... 2265.7 Fe,0,, ALOy oo Lol
Lith. chlor, LiCl.......... Trace Calc. bicarb., Ca(HCO,),... 4691 i50d. sulph., Na,SO,........ 842.8  Cale. silicate, CaSiO;...... .... .
Pot. chlor.,, KCl........... 300.3 Iron and aluminum oxides, Mag. sulph.,, MgSO,........ ...,. Silica, Si0, ......... ... 29.2
Sod. chlor.,, NaCl........ . 2132.0 Fe,0, ALO; ............. Cale. sulph.,, CaS0,........ ..... Mang. oxide, MnyOq. ... oovr  oen..
Sod. sulph., Na,S0,........ 863.3 Calc. silicate, CaSiO,...... ....ulCale. earb., CaCO,........ ..:... Mag. bicarb., Mg(HCO,),... 161.0
Mag. sulph.,, MgSO,........ ..... Silica, 810, ............... 246 Ferrous bicarb., Fe(HCO )a 9.5 Sod. bicarb.,, NaHCO,...... 3469.0
8aic. sul%h., CCaCSOO, ............. Mang. omde, Mn,O,........ —_

ale. carb, CaCO,........ ..... Mag. bicarb., M (HCO ....................................................
Ferrous bicarb., Fe(HCO,), 7.24  Sod. bicarb., Na%ICO )2 Total .. 7'2847

: ) Properties of Reaction in Percent
Total ......ooooiviiii {; -------------- 7940.74 §Primary salinity ........... 51.22 Primary alkalinity ......... 41.08
. ' Secondary salinity ......... .... Secondary alkalinity ....... © 770
Properties of Reaction in Perc¢ent iTertiary salinity ........... .... Tertiary alkalinity ......... e
Primary salinity ....,...... 48.66 Primary alkalinity ........ . 43. Radioactivity
Secondary salinity ......... .... Secondary alkalinity ....... 7
Tertiary salinity ........... .... 'Tertiary alkalinity ...... L Temperature, °C, 24.5. Temperature, °F, 76.1.

Curies Ra Emanation per liter x 10-*°, Gas, 3.29.
Mache Units per liter, Gas, 0.89.
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NUMBER 223

STEAMBOAT NAVAJO SPRING

‘ Radioactivity
Temperature, °C, 13.5, 13.0. Temperature, °F, 56.3
Curies Ra Emanation per liter x 10-°, Water, 1.64, 1.9.
Mache Units per liter, Water, 0.44, 0.32.
Rexharks—-Schlundt.

NUMBER 224

» STEAMBOAT, LITTLE STEAMBOAT
Location—35 yds. S. W. of Cave Spring ‘Hill Side. -
.
v _ Radioactivity
Curies Ra Emanation per liter x 10-°, Gas, 25.58.
Mache . Units per liter, Gas, 6.91.
\

MINERAL WATERS OF COLORADO

NUMBER 225
ARTESIAN WELL

Location—Swallows, Colo.

carbondioxated).

Milligrams
per liter
Approximately
parts per
million

13
102.3
1064.5

Ponstituents Formula

1784.15
1.35

...... 1782.8

oncentration value ........ 45.90
ydrogen sulphide, H,S..... None
rsenic, As ........cuinn.

Excess carbon dioxide
Iron precipitated ....
Evaporation solids ...

Hypothetical Combinations

ass of Water—Sodic, ferruginous, bicarbonated, alkaline,

451

magnesic,

Reacting
value
percentage

Oxygen consuming capacity. 11.33

Milligrams per liter, approximately paris per million

........... None Cale. bicarb., Ca(HCO,),... 139.1
........... 87.9 Iron and aluminum oxides,
.......... 128.9 Fe,0,. ALO; ........

...... 151.3 Cale. silicate, CaSiO,.

R Mang. oxide, Mn,0O,...

10 Sod. bicarb., NaHCO,.

Properties of Reaction in Percent

Crimary salinity ........... 23.96 Primary alkalinity ...
decondary salinity ......... Secondary alkalinity .
‘Tertiary salinity ........... .... Tertiary alkalinity ...

Radiocactivity
Temperature, °C, 21.0. Temperature, °F, 69.9.
Curies Ra Emanation per liter x 10-°, Water, 2.62.
Mache Units per liter, Water, 0.71.

Silica, Si0, ..........

Mag. bicarb.,, Mg(HCO,),... 4023

...... 4414
...... 31.38
...... 52




