GL00070
FC
USGS
OFR :
79-1302
| ' UNITED STATES DEPARTMENT OF INTERIOR
GEOLOGICAL SURVEY
Radioactive Springs Geochemical Data Related
to Ufanium Exploration--Basic Data and Use of
Multivariate Factor Scores |
by
Robert A. Cadigan and J. Karen Felmlee
UNIVERSITY oF yray
gﬁsmmw INSTITUTE
ARTH SCIEMCE LAB,

- Open-File Report 79-1302



'CONTENTS _
Page
% AbSTraCt w==sommcm e m et e e m e m e e 1
INtroduct i0N=mmm e cmm ettt e e 2
Area of StUdy-==cesmmemmc e e e e ca e e 2
Datammmm e e e e e 5
Mineralogy-s=mcmemac o e e e e 5

! Factors controlling the_gebchemistry of radioactive spring waters

and Precipitates-mmsmmmeommmemesemmmmesscoc<cmmmmoaamaaeooam———— 17
‘Factor analysis of water sample data~=-=---==--= Y |
Factor analysis of precipitate sample data---------===o-2=---20
Factor scores for water samples-—4;------a-------a-------e---22
Factor scores forwprecipitate-samp]es------------------; ..... 27
Ranking of.localitieé— ............................................ 29
Conclusions----------; ............................................ 30



B
i

Radioactive-springs geochemical data related
A t0'uranium,exp1oration--8asic'data'and-use of

multivariate factor scores

by Robert A. Cadigan and J. Karen Felmlee
U.S. Geological Survey, MS 916, Federal Center,
Box 25046, Denver, Colorado 80225

| ABSTRACT |
: Radjoactive springs and wells at'33A10ca11t1es in'the States of Colorado,
Utah, Arizona,/ahdiew Mexico have been-studied and sampled to obtain
geochemical-datafto‘detekminé whether such data are useful in a uranium-
'éxploratfon'prOQram;” Most ‘samples were collected from mineral-rich springs
pfobabTy related to hydrothermal systems of various ages.
Two sets of data were obtained, the first based on the chemical
COmpositian and physical and chemical properties of spring and ground water,

and the second based on the chemical composition of mineral precipitates

" deposited by radioactive springs. ‘Multivariate statistical analysis of the

water data suggests four”major‘geochemical factdrs affecting the 23 parameters

measured: - These -factors were labeled as total dissolved.solids,. alkalinity,

“‘temperature, -and Fe-U concentration. Multivariate statistical analysis of the

precipitate  data sUggests five factors affecting the 32 element values

- measured. “These factors- were labeled as mineral. contamination, Mn
precipitation, Fe-As-Be preCiﬁitatibn;iheavy_metals=precipitétibn;'and Ba-Ra

~-precipitation.

‘Relative intensities of the geochemical proceéses represented‘by the

- factors were computed using factor scores.. Sample localities were ranked on



the basis of relative 1ﬁtensit1es,‘and-the,ffve-1oca11ties~w1th the higheét
intensities were:se1ecte&-as being the most favorable for more intensive.
exploration fofvurqnium.

Immediate-use of such selection would be experimental- because of the lack
of‘industry-experfence at. this time in the exploration of active hydrothermai

systems for uranium.

Introduction

The purposes:of this report are (1) to present the geochemical data which

formed the basis for a préVious report -and (2) to illustrate.the use of

‘multivarite factor analysis for the purpose of eya]uating relative

favorability of areas containing uranium-bearing mineral springs. The

previous report, entitled "Radioactive springs geochemical data related to

- uranium exploration," was presented at the 25th International Geological

" Congress in Sydney;-Austra1ia;uin‘August 1976, and has since been published

- (Cadigan and Felmlee, 1977). ‘The reader is.referred to the 1977 report for

discussions of previous work, sampling and analytical methods; sample bias,

minera]ogy‘of‘precipitateé and other related information.which for the sake of

brevity will be omitted here.

Area of - study -

The 33 springs whose geoéhemi;a]'characteristics are described in this

report are. located in the Southern.Rocky.MountainS of Colorado and New Mexico

- -and in-the Basin and Range province ofANewaekico, Arizona, and Utah. The
“Colorado Plateau occupies the center of this .area but contains relatively few

-recogniied*mineralJOthhermal‘springs; and these are:located near the margins

of-théﬁPIateau»f-SampTe localities and:kinds of analyfTCal data available

" from.each.'site-for this report are shoWn*onnfigure-l; Table 1 Tists the

sample’ Tocalities by county, State, and geographic longitude and latitude.
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‘Table 1.--Sample Tocalities.

21,

133,

‘Faywoqd Hot Springs..ccveeccecsss v.. -Grant

132.33.17 -

»Loqality County Latitude: Longitude
| ' Utah. |
1. Crystal HOt SPringSi..ce..ee... ve.. Box Elder:  N61.39.34 - W112.05.13 -
2. Stinking Hot Springs.cevececcesccess ‘Box Elder 41.34.38  112.13.55
3- Utah Hot Spr‘ings-.... ooooo e esses e BOXE1der 41.20.20 112.01-44
4. Ogden Hot SpringS...c... eeesesnanan Weber 41.14.09 111.55.16
5.. Hooper Hot SpringS.....ceesees eseee Davis ' 41.08.13 112.10.33
6. Midway Hot Springé. ........... wese. Wasatch 40.31.35 111.29.13
7. -Baker Hot Springs.....ceeceeceess.. Juab 39.36.49 112.43.49
8. Cold Stinkng SPringSeeveicescescases San Pete 39,14.19 111.39.19
9. Redhill Hot SpringS...ceeeoe. ceeees Sevier 38.38.26 . 112.05.53
10. 'Joseph Hot SpringSeceececececcsccesss Sevier 38.36.52 112.12.07
11. Thermo HOt SPringSe...sesecesess ... Beaver 38.10.24 - 113.12.20
12. Pah Tempe Hot Springs.ecesesese.... Washington  37.11.24 113.16.16
. | Colorado
13. Col. Chinn flowing well.i.cveeeeass. Delta 38.5022 107.38.22
14. Doughty Springs..... Ceeveosavsens .. Delta. 38.46.12 107.45.34
15, Alum Gulch (no water).....ceeeeees.Delta 38.46.00 107.45.53
16. Cebolla Hot SpringSeeececececccesess Gunnison . - 38.16.46  107.06.25
- 17.. Box Canyon Hot Springs....eeceeese. Ouray 38.01.08 107.40.27
18. Dunton Hot Springs......... eeees .. Dolores - 37.46.16 - 108.05.34
-19. Bakers Bridge ‘Hot Springs.......... La Plata 37.26.58 107.48.23
20. Wagon Wheel Gap Hot Springs.......  Mineral 37.45.00 106.50.00
Mineral Hot SpringS.ceceecceccscsces - Saguache .38.10.08 "~ 105.55.00
22. 'Poncha Hot Springs.....:ecceeeee.es Chaffee 38.24.48 106.04.35
23, Guffey Soda -Springs..ceeeccs.s coees Park 38.44.19  .105.31.48
-24. Taylor Soda Springs......c..eceeeen. Fremont 38.36.10 - 105.33.00
- 25. - Pumped well (Siloam).eeeeeeescnes . Pueblo -38.13.01 -~ 104.59.16
26. Pumped well (Colordo City area) . Pueblo -37.56.30  104.49.17
. 27. 3 Pumped We]] (BEU]ah) esecss e PUEb]O B 38.04.35 . 104056021
28, Lower Red:Creek.Soda Springs:(dry) Pueblo - ©.°38.42.30 -105.29.25
’.29.. La Veta Su]fur Spr1ngs.,...... ..... Huerfanol~ . '37.28.00 - '105.06.00
| - - | - Ar1zona ‘ o
31, Salt Banks SPrings...ssessesienss. Gila. 33.49.56  110.35.49
,232;‘[Clift0n»Hot Springs...ee. ceveeieaas Green]ee-.. 33.04.48 - 109.18.11
. 30. - SOda Dam<H0t Springs' LRI IR I BN S AT I Y Sandova] a 35.47.28 ' 106-41.09
"107.57.42
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r'——s EXPLANATION
Sample lccalities
C ' A , - O Water only
b Q100 Miles ' ® Precipitate oniy
E ' : l . . ‘ ' © Water ‘and precipitat
0 - 100 Kilometers . . precipitaie

: 1. Crystai- Hot Springs 12. Psh Tempe Hat Sgrings 7 - 23; Guffey Soda Springs
! 2. Stinking Hot Springs 13. Col. Chinn flowing well 24, Taylor Soda Springs
. 3. Utah Hot Springs . © 14, Ooughty Springs - 25. Pumped well :
R . 4, Ogden Hot Springs 15, Alum Gulch R ©--26, Pumped well
’ © 5. Hooper.Hot Springs’ . . 1§ Ceballa Hot Springs - 27. Pumped well
. *6.. M{dway Hot Springs - .~ ° 17. Box-Canyon Hot Springs. 28, Lower Red Cr.’ Soda Springs
} 7. Baker Hot Springs - 18, Qunton Hot Springs . 29. La Veta Sulfur Springs
{ 8. Cold Stinking Springs 19, Baker's Bridge Mot Springs - . 30. Soda Dam Hot Springs
i 3. Radhill Mot Springs 20. Waqon Whee! Gap Hot Springs. 31. .Salt Bapks Springs .

-10. Joseph Hot Springs = .. 2. Mineral Hot Springs . 32. Clifton Hot Sorings

n

. Thermo Hot Springs 22. Pancha Hot Springs " . ' .33, Faywaod Hot Springs

© ~Figure 1.-'Sample-localities of selected. springs and flowing-or pumped
wells. The symbols indicate the kind of samples:for which data are
“-available.. ' " :



- precipitates, table 4, are entirely from our own samples. -

-4, This'discrepanCy suggests that these two metals are present in.amorphous

Data : »J é

PhysicaT‘propérties-énd geochemistry of the spring water and precipitate

sampTeS‘varyncdnsiderabiyr -Table 2: shows.the range of vaTues and:the median |

value for“each*measunedwparameter} The data used for statistical analysis in |

this,rebortlare given.in tables 3 and 4. Data on water-(table 3) were compiled
from analyses. of our samp1e$-and from:analyses published in other reports

since 1962 by the U.S. Geological Survey and by other organizations. Data on

Mineralogy:
The term “travertine" (properly a field term) has been used to describe
the hard crystﬁ]]ine precipitates associated with mahy mineral springs. x
Travert1ne may consist of a]most pure. calcite or .a- mixture of minerals that

t

can be d1fferent1ated by X-ray diffraction. Calc¢ite most commonly composes 10 .

percent or.more of each of the samples of precipitate that we collected. |

"Other minerals present that composecio-percent or more of at least one sample

are barite, manganite, hematite, goethite, gypsum, fluorite, romanechite

. - A .
:(BaMnszh8+A016(0H)4)3rand-pyro]usite;-,Quartz, feldspar, dolomite, and mica.

~ are among the minerals identified thatbreprésent defrita1'grains and rock
_fragments in the samples. X-ray diffractometer traces do not account for the

‘significant amounts of As..or W known. to be. present, as shown.in-tables 2 and

.. or noncrystalline forms. Some precipitates contain native sulfur.in minor to

major amounts. At some springs, deposits of Fe and Mn minerals as well as $

" have been mined as ores. Parts of the Stinking'HOt'SpringsftraVertine~deposit

'were'found5to'be'COmpoéed almoStﬁentirely*bf‘barjte; part of it.has been

“mined, first as a poss1b]e uranium. ore (because of ifsihigh'radioactivity),

then later as a soil. cond1t1oner. - ' o -



Table 2.--Summary of ana]yt1ca1 results for samples from localities

(27 watér-samples»frdm-ZI sites; 54 precipitate samples from 25 sites;]

shown on f1gure 1-

Water Precipitate :
Parameter Min. Max.. Median Parameter Min. Max . Median
Temperature(°C).... 7 78 30 Data in parts per million .
PHevens seeqeeeens .o 2.9 . 9.6 7.1 Cdeeeoenans 10,000 >100,000 >100,000
Alkalinity eee.o... 0 1,610 -= | M3eveitaaann 200 >20,000 5,000
Specific conductance . , Fuveannons 300 100,000 120,000
(umhos/cm at 25°17O 52,000 - 3,200 - MNeveeoonns 30 100,000 700
Data in m1111grams per liter: Siceeeanass 700 >100,000 20,000
Dissolved solxds A Aleceeaaans 200:  >100,000 ~ 5,000
(SUM)eeereeedvnnnn 87 43,500 2,120 Ndeaeooanss 500 >100,000 - 7,000
Sjoz.. tevessanae i - 86 36 Keeooanaaas <7,000 100,000 '<7 000
CAe-vesnes ceeeeacnan 3.9 930 110 Tieeeeanans 1 5,000 150
MJeeeeaanan Y 330 24 _
Ndeoooeroosaosaanns 15 15,000 560 ASeieeaaaas <1,000.  >100,000 <1,000
: Beveaooo .o <20 - 200 <20
Keoaoas ceseereasaae 1.6 - 870 36 | Baseveeaass 3 - >100,000 - 1,000
HCOgevvvuenennannns 0 4,330 323 Beeveunn ces <1.5 500 10
C03.. O ¢ : 13 0 COvennnnnne <5 - 200 <5
SOgeececnonecaranns 1.9 1,500 160 ‘
Cleceecesosncscnnns 3.4 26,000 320 Crececeacas <1 150 5
: _ Cleeees ceee <1 150 5
Feoveoanns ceae . 3 12 2.4 ] MOeerieanaan <3 50 <3
NOgeceaenanrannnnas <1 - JA8 <.1 NDevererens <10 20 <10
PO4 .............. e <01 .77 W03 Niseeesennn <5 "~ 50 <5
© .. . . Data in micrograms per .liter _ ] Pbes.... e <10 1,500 - 10
i Feieeenns dessas ee..<10 47,000 - 120 . Sbeveinen . <200 700 <200
; S | T <1 2,200 - 130 SCevevennse . <5 100 <5
Blesecaass cheseas e 6 7,600 100 | Srecececens 200 - 15,000 5 OOO
Sreceacas ceecesenee 24 38,000 2,500 Vieeeooonnn - «1 150 <7
MOeeeoo tesesessenes <.5 - . 760 18" v '
. Weeoeonoann. <100 - 10,000 <100
Licecococoncacacans 7 14,000 1,500 © | Y..... weees - <10 : 500 <15
Breeesesvivanannnns 4 23,000 - 780 Il eeeoaonns <10 500 20
1 10 10,000 50 CT: RN <5 -150 <5
RAeeensneonnoinanas Y - 420 9.1 Geerennenans <10 100 <10
Usesosnsaasae oo <4 95 .4 .
I 1S I <100 : 300 <100
eU;;z... <10 6 ,010 250
.:RéeU ..... . 435 8,500 --
U-2. ....... © <.20 -~38.32 --
B £ 1 N <4 . - 11.61 --
1only 16 samples.
-20n1y 17. of - the most . radioactive. samp]es



~ Table 3.¢-Ané]ytical data’ for water samples from localities shown on Figure 1.

{Major ions were analyzed by wet chemical method;. trace metals, by emission spectrograohv; radium by radiochemical method; and
uranium,. by extraction fluorometry Data for locs. 20-24 and 29 are from Mallery and Barnett (1973) and V. J. Janzer (written
commun., 1974); major i6n data for Yocation 7 are from Mundorff (1970), and radium and uranium values for loc. 19 are from

_Scott and Voegeli (1961) and:for loc. 1 are from 0'Connell and Kaufmann (1976).] . :

. . - " -T;—.ﬁpzziikli:ed B»icr_a:'rbon_ﬂfG - . Magnes- . . ' . ) .- . . .
" Locality = Sample Tempera-. '(.c lc : + Carbonate Calciuam fum Sedium Potassium Chlortde Sulfate Fluoride
: y alcu-~ . - - : A T
No. No. e latea) - (ME03*CO4). (Ca) “(Mg) (Ns) (x) (c1) (s0,) (F)
P l {zsl1) (28/0) (2g/1) (wg/1) (ng/1) (ng/1) (mg/1)  (ug/1)  (mg/1)
' oMo W~ 56 - 43500 . Y - — — :
2 76MSU-5 43 27900 aa :22 330 15000 780 36000 . A0 1.3
3 TeMSH-15 g4 20400 195 910 25 6300 870 13000 i %3
'y 75MSK-18 78 16 - ) . : . .
7 630 160 345 68 816 49
76MSU- . 8 1450 756 4,1
‘?_ ; w 19 it 3120 1420 45 23 1200 19 {100 ‘16 2:.,
13 ISMSH-6 41 2000 1540 ' ~ o
- ;gngu—g 15 3200 2150 ::8 :; ,‘,’33 32 ;;: . :: g.:
by MSW- 14 . 2120 ' 0 7 ' -
TR - T S T R B R TR
17 21 45 1680 129 T 9 120 io Rt 1500 2
, - 75MSW-28 30 70 6 . ' S S
h :g MIN-1 50 ::-9'0 ;12 122 f; “3 n 1500 720 2.1
20 MIN-2 57 1500 976 65 14 42 44 199 132 8,7
91 SAG-5 62 655 123 57 13 :4: :i 2:.‘, :2: 22
G-4 I/ y A Y
21 (3A6-4 w2 649 PR 58 13 146 13 3 159 4.3
2 CHA-7 6H 7.4 657 95 i -
2 CiAs 6R 7.5 649 189 :: od :g: .0 49 193 12
23 PAR-4. 10 6.7 4840 2930 110 96 1600 8.0 47 188 1
24 FRE-1 . 9 6.8 9940 4330 45 125 2650 21}) ;;gg ' ::: 19
. 5 - . . 3 , 4 19 31 . N
25 75MSH-1 20w 1950 1440 130 a6 520 4y 240 - 230 1.8
26 75MSH-11 14 81 44 3.9 . Y - , '
27 75MSH-13 13 ‘245 161 LA ‘" 1e 2.5 3.4 1.9 .3
29 HUE-5 7 304 267 33 "4 7% . i el '8
29 HUE-4 7 297 256 31 ay 74 :'2 13'3 : :g ‘:
- . ] . '
30 75MSH-8 . 29 3330 721 230 23 980 190 1500 o3 o
3 76MSW-1 21 34200 1960 520 220 12000 - 260 : '
_ . e 19000 1100 2.8
32 75MSH-2 S6 10500 136. 930 24 3000 21 6400 » . 23




[Al] data are in parts per m1111on
M. Solt; eU was done by beta-gamma radiometric method by I.

the upper‘1limit of determination; L, detected in concentration below the lower limit of determination; N, not detected.

. The sample from loc. 15 also contains Ce, Nd, and Sm; one samp]e from loc.

Tab]e 4, ——Ana]yt1ca] data for prectp]tate samp]es from 1oca]1t1es shown on Flgure 1

31 conta1n Zn Tl Ce, or Nd ]

C. Frost.

G, greater than -

22 also has Zn; and several samples from loc.

AN e]ements were determlned by sem1quant1tat1ve spectrographic method by H. “G. Nieman and
Letters indicate qualified values:

Loc.

Samﬁle

Iron

Titanium

Manganese

Magnes-. Calcium Arsenic Boron Barium | Bérylé Cobalt
-+ No. o ~jum R : : S ' : “1ium-
B (Fe) (Mg) (Ca) (1) (Mn) (As) (8) (Ba) (Be).  (Co)
2 75MS-1028 3000 7000 1000006 700 200 1000N 200 100000 1.5N 5N
2 75MS-1038 5000 20000 1000006 700 1150 1000N 30 70000 1.5N 5N
2 75MS-1018 700 .3000 1000006 700 100 1000N 20N 1000006 1.5N 5N
3 75MS=105 50000 200 1000006 5000 10000 11000N 20N 1000 20 5N
3 7sMs-104 50000 1000 1000006 70 20000 1000N 30 1500 20 5N
4 75Ms- 1068 50000 - 2000 1000006 300 10000 1000N 200 1000 15 5N
5 75MS-107 - 20000 7000° 50000 - 700 50000 1000N 150 30000 1.5N 5
6 75MS-108 . 1000 5000 1000006 70 70 1000N 20N 200 1.5L 5N
7 75MS-109B 1000006 2000 1000006 150 10000 ~1000N 20N 5000 15 5N
7 75MS-1118 1000006 7000 1000006 200 50000 1000 20N 10000 20 5N
7 75MS-110 20000 10000 1000006 100 200 - 1000N 20N 200 1.5 5N
8  75MS-1i2 10000 15000 1000006 1000 100 - 1000N 30 10000 1.5N 5N
9 75MS-1138 1000006 1000 100000 150 50000 1000006 20 7000 50 5N
9 75MS-115 15000 3000 1000006 100 700 1000N 20N 300 5N
9 75MS-114 20000 500 1000006 10 5000 1000 20N 1500

5N



 Tab1e 4.--Analytical data for: precipitate samples from localities shown on Figure 1. -Continued

10

s

Loc. SaﬁpTe" Iron Magnes- 'Céléiuh’ Titanium - Manganese Arsenic  Boron Barium" ?gry]- Cobalt
‘ - No. - - -~ ium S ' e S : . lium©
S (R (M) (ca) . (TH) (Mn) (k) (8)  (Ba)  (8)  (Co)
75MS<116 30000 7000 1000006 200 20000 1000 20N 2000 - 10 5N
11 75MS-117 7000 10000  70000- 500 150 10008 100 500 10 5N
12 75MS-118 300 3000 1000006 7 50 1000N 20N 100 1.5N 5N
14, 75MS-34 . 3000 2000 1000006 200 1500 1000N 20L 1000006 | 5N
14 75Ms-33 3000 500 - 50000 1200 500 1000N 20N 1000006 5N
15 75MS-35 . 1000 1000 " 1000006 20 30 © 1000N 20N\ 3 1.5N 5N
16 7sMs-20 1500 15000 100000G 30 700 1000N 20N 500 7 5N
17 75Ms=30 " 1000006 200 10000 5000 1000006 7000 20N 15000 200 - 7
17 75MS-1228 7000 300 1000006 70 1000006 10000~ 20N 15000 50 20
18 75MS-119 3000 3000 . 1000006 15 3000 1000N 200 70 1.5N 5N
19 75MS-123 10000 2000 1000006 5000 1000 '1000N 20N 70 7 5N
21 75MS-20 15000 3000 1000006 50 1000 1000N . 20N 5000 3 5N
21 75MS-21 10000 5000 1000006 70 - 150 1000N 200 2000 5 5N
75MS-22 . 2000 10000 - 100000G 10 200 1000N 20N 500 3 5N
22 75MS-25 1000006 1000 30000 50 1000006 - 1000N 20N 100000 100 5
22 75Ms-27 10000 1500 70000 150 1000006 1000N 20N 1000006 50 5N
22 75M5-26 5000 1500 1000006 20 1000 1000N 20N 500 7 5N
23 75M5-1 1000006 3000 70000 150 150 3000 20N 700 70 5N
23 75MS-4 1000006 7000 1000006 200 200- 2000 20N 500 50 5N
23 75MS -2 20000 7000 1000006 150 200 1000N 20N 150 20 BN



Téb]e 4.--Analytical data. for prééibitdte‘éamb]es from localities shown on Figure 1.-Continued

Loc.

Samb]e'

Iron .

Calcium -

Manganese  Arsenic

Cobalt -

Titanium Boron Barium BényI-
- No. B fum S - . - o ' 1ium
L (Fe) = = " (Mg) = . (ca)- (1) (Mn) - (As) " (B) (Ba) (Be) - (Co)
23 75MS-5° 10000 3000 1000006 20 300 1000N 200 100 10 5N
23 . 75MS-3 5000 10000 1000006 50 300 1000N 20N 150 7 SN
24 75MS-17° 1000006 3000 70000 200 70 20000. 200 1000 300 SN
24 7sMs-14 1000006 3000 70000 150. 70 100000. 50 - 1000 300 SN
24 7SMS-11 - 1000006 3000 50000 100 150 100000 50 : 1000 300 5N
24 75Ms-15 1000006 7000  100000G 200 700 30000 70 1000 300 BN
24 75Ms-13 20000 5000 1000006 70 500 1000 20N 150 30 5N
28 75Ms-19 3000 . 10000 . 1000006 5 100 1000N 20N 150 7 BN
30 75MS-40 - 20000 2000 1000006 300 50000 3000 20N 10000 30, 5N
31 76CD-58 1000006 15000 20000 3000 7000 100000 50 700 200 100
31 76CD-98 1000006 5000 1000006 300 500 1000006 150 200 500 5N
31 76CD-7 100000 10000 1000006 150 3000 50000 100 200 100 30
31 76CD-68 1000006 5000 1000006 15. 10000 11000006 70 1000 200 100
31 76CD-2 15000 3000 15000 150 50000 1500 150 1500 15 200
31 76D-3 20000 20000 100000 500 700 1000N 50 300 2 10
31 76CD-4. 30000 7000 1000006 . 1500 1500 1000N 150 500 10 30
31 76CD-8 15000 20000 1000006 1500 1500 1000N 20N 300 1.5
31 76CD-10 20000 7000 1000006 - 200 1000 3000 20L 70 30
33 76CD-18 5000 5000 1000006 2 700 1000N 20N 500 5 5N
S.



| Tabfe,4;45Ana]yticél data fof pfecipitate samples from localities shown on Figure 1j-Continued

Loc.  Chromium CQpper Lanfha- Molyb= . _ Niobium  Nickel ~ Lead  Antimony ‘Scandium  Strontium - Lithium

Lt

10000

: : : . hum - denum o - _ - _ : _
(Cr)”  (Cw) (L) (M) () (M) (Pb) (sb) (sc) (sr)- (L1)
2 20 15 50 3N 10N 5N - 10N 200N 5N 7000 100N
2 ) 10 50N | 3N 10N 5L 20 200N 5N 7000 100L
2 2 2 50N 3N 108 5N 10N 200N 5N 15000 100N
3 N N 50N 3N 10N 5N 10N 200N 5N 3000 100N
3. I 5 50N 7 10N N 10N 200N ;5N 5000 100N
4 15 5 50N 3N 10N 5L 10N 200N 5N 2000 100N
5 20 30 50N 30 10N 5 10N 200N 5N 3000 150°
6 3 2 50N CO3N 10N 5N 10N 200N 5N 3000 100N
7 3 1.5 . 50N 3N 10N 5N 10N 300 5N 1500 . 100N
7 7 10 - 50L 3N 10 5L 10N 500 5N 15000 100N
7 2N 50N 3N 10N 5N 10N 200N 5N 5000 . 100L
8 15 7 50N 3N 10N 51 10N 200N 5N 5000 100N
9 1 10 50N 3N 10 5N 10N 700 5N 2000 100N
9 5 5 50N 3N 10N 5L 10N . 200N 5N 15000 100N .
9 IN CIN 50N 3N ~10N- 5N 10N 200N 5N 2000 100N
10 1 10 50N 7 10N 5L 10N 200N 5N 15000 100N .
11 10 5 50N N 10N 5L 10 200N 5N 3000 300
12 N IN 50N 3N 10N 5N 10N 200N 5N 3000 100N
14 5 3 50N 7 10N 5N 10N 200N 70 15000 100N
14 2 1.5 50N 3N 10N 5N 10N 200N 100 100N



vaéb]e 4.§?Ané1ytica1 data foﬁ pfécipitaté_samp]es from 1dca]iites shown on Figure 1. _continued

Loc.: “Chromium Cdbpér- Lantha- MoTyb— Niobium - Nickel  Lead Antimohy Scandium Strontium Lithium

: A - : num . _denum _ : . N
- (cr) (Cu) = (La):  (Mo)" (Nb) - (Ni) (Pb) (sb) (Sc) -~ (Sr) (L1)
5 . 1 3 30 3N 0N SN .. 10N 200N SN . 2000 100N
16 1N N 50N 3N 10N 5N 10N 200N . BN 7000 100N
7 N IN 50N 15 . 20 5L 1500 700 - 5N 7000 100N
170 IN - L5 50N 20 . 15 BN 10N . 200 5N 15000 . 100N
18 N N 5N 3w 10N 5N 10N 200N N 3000 -100N
19 - CIN AN SON 3N 10N 5N 10N 200N by 5000 100N
21 IN IN 50N 3N 10N - SN 10N . 200N 5N 1000 * 100N
21 1 IN ] éou 3N 10N 5N 10N 200N - 5N 1500 - 100N
21 . AN N 50N 3N 10N 5N 10N 200N 5N 2000 100N
22 2 - 3 s 20 15 BN 10N 200N 5N 1500 100N
22 2. 7. - BON 50 . ‘20 5L 50 200N, 5N 5000 100N
22 NN 50N 3N . 10 5N 10N 200N 5N 3000 100N
23 3 20 50N 1) 10N 5L 20 200N 7 5000 100N
23 T 5 50N 3. 10N 7 10N 200N 5L 10000 100N
23+ 3 - 5. 50N 3N 10N 5N 10N 200N 5N 10000 100N
23 N N 50 3N 10N 5N 10N 200N 5N 10000 - 100N
23 2 1.5 5ON 3N 10N SN 10N 200N 5N 10000 100N
24 5 15 50N 3N 10N 5N 15 200N 51 5000 300
24 1.5 5 . 50N 3N 10N 5N 15 200N 5N 7000 100N
24 1.5 3 50L N 10N 5N 10N 200N 5N 3000 100N



. Tab]e_4;74AnaTytica];data ~for precipitate samples from localities shown on Figure 1.-Continued

Loc. Chrom{ uim Coppef Lantha-  Molyb- Nioﬁium . Nickg] Lead Antimony  Scandium ‘Strpnfium Lithium

. “num - denum . :
(Cr) (Cu) . - (La). (Mo) (Nb) (Ni) (Pb) "~ (Sb) - (Sc) (sr) - (L)
24 10 10 ©BON 3N | 1OL 5L 10N 200N 5. 7000 100N
24 IN 3 50N - 3N 10N - BN 10N 200N - 5N 1500 100N
28 N IN 50N 3N 10N 5L - 10N 200N S\ 7000 . 100N
30 5 10 50N 3N 10N 5 10N 200N 10 - 700 100N
31 50 20 50N 10 101 50 30 200N (100 500 100N
3 10 5 SN 3N 10L 5L 1500 200N 50 . 3000 100N
3 - 7. 15 50N 3N 10N 30 10N 200N BN 5000 100N
31 3 15 5ON 20 0L 50 700 200N 70 2000 100N
31 7 150 50N - 20 10L 30 150 200N © 5L 300 100N
31 10 15 200 10N 7 70 200N 7 500 100N
3 15 20 50N 5 10L 10 70 200N 7 200 100N
3 15 15 50N . 3N 1N 10 10N 200N 51 20000 - 100N
. 5 7 C50N . 3N 10N 5 15 200N - 7 10000 100N
8 23 BON- - 3N . 1oL 5N 10N - 200N 5N 700 100N

€l



: Tabie 4.--Analytical data for prééipitaté-samp]es from ]ocaiitjes shown_on Figure 1.-Continued

Loc.  Vanadium Tungsten Yttrium Ziréohium Silicon  Aluminum  Sodium Potassium  Gallium  Germanium Eﬂﬁ;:?lﬁnt '
M W @) (s (M) (Na) (KL (Ga)  (Ge)  (eu).
2 - 15 100N 100 50 50000 15000 - 5000 - 10000 5L - 10N 710
2 30 100N - 10 70 70000 20000 15000 15000 5 10N 590
2 N 100N ~ 10N 30 5000 120000 7000 7000N 5N 10N 6010
3 N 100N - ION 10N 5000 200 20000 7000N 5N 20 80
3. N 100N 10N 10N 10000 1500 30000 - 7000N 5N 30 410
4 10 ° " 100N 20 30 50000 15000 5000 7000 5L 10 430
5 300 . 100 0L 70 100000G 15000 10000 30000 5 15 1040
6 N 100N 10N 10N 5000 1000 1500 7000N 5N 10N s
7 TN 200 15 . 50 20000 7000 - 5000 7000N 10 10N 250
7 10 300 15 15 30000 15000 7000 7000N 10 10N 250
7 7N 1008 10N 10N 200000 - 5000 2000 7000 5N . 10N 5
8 10 100N  1Q 70 1000006 15000 10000 20000 7 15 370
9 IN 10000 20 10N 15000 5000 10000 7000N 15 100 . 2300
9 3 100N © - 10N 10N 1500 1500 5000 7000N 5N 10N 30
9 7N 100 10N 10N 1000 500 2000 7000N 5N 10N 190
10 15 100N 50 15 30000 120000 10000 7000 5N 15 290
11 15 100N - 10N 70 1000006 15000 10000 15000 15 30 50
12 N 100N 10N 10N 1000 200 7000 7000N 5N 10N 60
14 10 100N 15 100 20000 15000 3000 7000N 5L 10N 2010

14 20 100N 20 70 20000 10000 2000 '7000N - 5L 10N 2940

vl



 Table 4,,;Ana]ytic§1 daté for_precipitate samp]és from ]ocg]j}ie§'§yown gpffiggye 1,-Continued

.‘\ .\

+— ~ vy v vt
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EqUivaIent

'Loc: 'Vanadium‘ Tungstén" Yttrium Ziﬁéohium ASilicoﬁi Aluminum - Sodium Potassium Gallium Gérmanium" Uranium -

vy w0 @) (si) (A1) (Ma). (KL~ (Ga) (Ge) - (ev)
15 N . 100N 150 10N - - 3000 2000 ~ 2000 70QON - 5N 10N 5
16 7N 100N 10N 10N © 2000 1000 2000 . 7000N 5N " 10N - 5
17 N 7000 . 15 15 10000 1500 500 7000N 15 .50 790
17 N 3000 - - 10N 10N 10000 1000 700 © 70008 5N 10N 2370
18 N 100N 10N 10N - 3000 500 1500  7000N 5N 10N 5

19 N 100N 16N 10N 1500 200 20000 7000N 5N 10N 40
21 SN 100L - 10M 10N 5000 - 1000 500 7000N 5L 10N 160
21 7N 100L . 10N 10N 5000 . 1000 3000 7000N 5L 10N . 200
21 N 100N 10N 10N 7000° 300 2000 7000N” 5N 10 50

22 N 5000 500 10N 50000 10000 3000 7000N 150 30 2000
22 . IN 10000" 200 500 . 30000 7000 30000 7000N 70 10N 1970
22 N - 100N 15 10N 13000 2000 500 7000N 5 . 10N 10
23 10 100N 15 . 50 70000 7000 30000 7000 - 5 30 590
23 10 100N 100 10 70000 5000 20000  .7000 5 15 300
23 N 100N 15 20 20000 3000 10000 7000N 5N 10N 100
23 N 100N 10 20 2000 500 © 7000 7000N 5N 10N 70
23 TN 100N 10N 10N 3000 - 700 20000 7000N 5N 10N 60
2415 S 10083020 /30000 10000° 1000006 20000 5 15 2540
24 N 100N 30 . 20 20000 7000 300000 7000 7 20 3830
24 7N 100N 50 30 30000 3000 20000 7000 5 30 2010

Sl



B Tab]e'4.=eAnal¥picgl data forfprecipita;ev§amp1es fromvjocaljtie5'§hownzgp Figure 1,-Continued

N

I T ~ v

7N 100N 10N . 10N . 500 500 5000 7000N 5N | ~ 10N

Loc;,- Vanad{um 'TunQStén Yttrium Zirconium - S1licon. A]umihum ' Sodium Potassium = " Gallium Ggrmanium Eﬁ?;:?lﬁnt
v) W) (el (SE) (ML (Na) (K). (Ga) (Ge) (el)
24 30 100N 30 70 0000 20000 20000 10000 10 30 - 790
2% o 100 10N 20 5000 3000 10000 . 7000N 5N 10N 790
28 N "100N 10N 10N 1500 - 500 2000 7000N - BN - 10N 30
30 20 1000 20 . 30 15000 10000 5000 7000N 5N 20 4480
31 100 100N 50 150 1000006 50000 15000 30000 30 - 10N 2380
31 100 100N 150 70 30000 10000 70000 7000N 5N 100 510
31 15 100N~ 20 70 30000 15000 10000  7000N - 5 50 200
31 100 100N 150 10 7000 3000 15000 - 7000N 5N .70 11520
31 100 100N 30 20 ~ 1000006 5000 700 7000N 5L 10N 5
31 150 100N 20 70 1000006 100000G ~ 7000 100000 = 20 10N 50
31 150 100N 20 100 1000006 100000G 7000 100000 30 10N 5
31 50 100N 10N 15 - 15000 15000 10000 7000N 5L 10N 10
31 20 100N 10N 10 - 7000 5000 20000 7000N 5L - 10N 140
33 ' 180

sl



1 Cadigdn-(1972),=and‘a-comprehensive'textbby Harman'(1962);

Factors: controlling the»géochemistry of
waters. and pfecipifates

Some . of thefgeochemiéal-factors that affect the measured parameters can
be identified and their effects evaluated by using statistical multivariate
factor analysis. Geochemical factor analysis is .a matter of establishing,
mathematicélly, cause and.effect'réTationshipS»in'which the. causes may be
identffiedfwith Qeochemica]vfactors or'processes and. the effects are the
variatfonﬁ in'parameter v;]ues. Three to six factoré;commoh1y account for

-

more than 50 percent of the variation in a set of associated parameters.

" Conventionally the factors (caUses) that can be identified are selected for
. interpretation, even though the: number selected does not account for all the

‘variation (effects). The first factor to come out of the analysis accounts

for more variance than any Subsequent]y derived factor, and for ﬁhis~reason it
is identified as”the*mOStiimportant-facton affecting-the parameters
(variables)._‘The‘seCOnd factor'is second most important in its effects, and
s0 forth. .

For fUrtheh:dichssidns of ‘factor analysis applied to déta matrices,‘the

reader should consult detailed papers by Imbrie (1963), Steiner (1965), .

' FqctorwanalysiS“offWatér sample -data

.:The results of the R-mode factor analysis of the water sample data, table

"3 are ‘shown -in table S.r‘FactorﬁmatriéeS'for‘two to-ten rotated varimax
- factors wererstudied,fand~the“f6uquact0r matrix was-selected as most
'”adeqdéte]y establishing the ordér of ‘importance and identifying: the -major

“causes of ‘variation in the’ VafiabTéS'Tisted."Thé:fourlfactorsoaccount_for 77

percent of the variance in the 'data for in the 27 water"samples.

17



Tab]efS.--Reordered'varfmax-factof matrix for water sample data

[Data are from samples collected at 21 of the.33 selected sample
Tocalities. A.data matrix of 27 samples and 23 variables was used]

-~ .Total
dissolved : Fe-U
solids. Alkalinity Temperature - concentration
Factor 'l  Factor 2 Factor 3 Factor 4 . Communality
Variable "~ - Tloading loading - loading - - loading
Cleveeeeeenneeaanes 0.975- 0.100 0.077 0.027 0.97
Naeseooaaans ceseeaes 4956 -.038 -.090 : 039 .93
.~ Dissolved solids... .953 . =.185 - .108 JA17 .97
cesssesecane eecaee .923 . -.080 .102 .185 .90
Licecaces cestsaasne .904 .012 .155 J117. .86
Y T . .897 - -s180. - 7.249 ' -.051 - .90,
Bevieesoanan eeaes oo o877 -.055 ©.091 - .09 J9
Cldevereacacss esees o798 1 (~.394) .165 -.014 .82
MJeeieosesesnaneaes o099 - (-.276) -.241 : (.361) . .75
Rasesesns ceseas ceee D96 .121 (-.469) . (.289) 67
MOtieesaeanananoaas D11 .08 125 -.012 .28
PHevoveenenennanees =.023 .837 -.038 (-.308) .80
HC03+C03.1......... (.406) 796 - -.045 -.031 - .80
' N03...;.....i..,...' “171 - -.463 - =072 - - .029 ' .25
L D .. .018. - -.518 (.384) - - (-.279) .49
Aliveeoss ceesarssnn (.428) -.804 -.109 <120 - .86
Fovedoenennnansnne oo o117 .261 ' .889 - -.057 77
$10geeraen. esesens C.2160 - -.124 - 810 (.311) . .82
- Temperature.i..e.e. 2222 .034 - .686 (-.371) .66
SOfecvececenss ceeee W234 . (-.407) . . 667 (.440) .86
F@uveeronseonannees 194 -~ (-.406) - - ,110 . .804 .86
Userenonns ceeeecees (.458) 0 =048 - - -.149 ./56 ' .81
.Ba..... sesesecesses (.600) ° -.099 -.069 -.645 .79

Note: <Underlined factor loadings -are those for variables most affected by the .
“factor under which they are.listed. If a variable is significantly affected by a
~.second or .third factor, its loading for that factor is shown in parentheses.

- Communalities-are the sums of the squares of -the factor loadings for each
“variable. " They-represent the proportion-of variance in each varjable accounted

for by the four factors; thus, four factors account for 67% and 8l%, respectively,
:of the variance-in Ra and U concentrations in the waters.

18
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We identified;the four geochemical factors or processes as total

dissolved solids (TDS), a]kalinity,.temperature, and Fe-U concentration.

Table 5 variables and:their numerical factor Toadings, which .represent the

correlation between the vériab]e and the respective.factors,. are divided into

four blocks, representing. factor-groups. The upper block,vfor example,

contains the variables most affected by increases and decreases in TDS. . The
second block éontains.variableé moét affected by variation in alkalinity; the
thfrd, variab1e§ most affected by variation in temperéture; and the  fourth
b10ck-contains‘threeginteractiné elements, Fe, U, and Ba. |
With-an increase or decrease of amounts of TDS_in so]utfon; most of the
variables tend to. increase or decrease in proportion to the squares of their
factor 1oadings.' Increaséé'ih-alkaiinity'df’theiwaters-(factOr 2) ‘not only

ihcreasexthe concentrations of ions used as an indicator of alkalinity,.HCO3 +

: C03, but- also increase pH. Decreases in alkalinity tend to be' marked by

increased values for AT, Mn, N03,~Sb4, Fe, and Ca, and»deCreésed values for
HCO3 + COq and pH. " Increases in temperature of the ‘waters (factor 3) are
marked by increased values'forfF,’SiOQ;fSOA,'and Mh; decreases in temperature

tend to be mafked;by increased amounts of Ra. - The effect of Fe-U

; concentration ‘(factor-4) isvmore}subtle.':Increases in amounts of Fe and U in
-so]utibh”are;markéd‘by~the presence of increased amounts of‘SO4, Mg, 5102, and
" Ras -DecreasedAamquhts of Fe and' U in-solution are marked by increased values

for Ba, -temperature, pH, and Mﬁ{'.Thisvcomp]icated:rélationship occurs because

Ba tends tOHremOVe-SOA from solution and tb'precipitateias barite, which

coprecipitates Ra. -The 105§*of*théﬂ504-ionimay cause an increase in pH, which

 -Ibrings.aboUtjpfeCipitatiohuof:Fe,.U;”Mg,75102;ﬂand Mn.

19
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Féctor'ana1ysisuof precipitate sample data
Multivariate R-mode: factor analysis was-also done on data from 54
precipitate samp1es_co]1ectedvat-24 mineral -spring localities (table-4).
~ We selected'the first five factors as bést,identifying'the major causes
of variation in concentration of the e1eménts 11sted. The five féctorS'shown

1n‘tab1é’6 account for 69 percent of the variance. The five major factors in

- order of importance are mineral contamination; Mn precipitation, Fe, As, and

Beabrecipitation; heavy metals precipitation; and Ba precipitation. Table 6

variables and their‘loadings are-divided into five blocks representing what

‘might be called factor groups, as was done with the water data factor

-analysis.

The factor identified as-'mineral -contamination is the-most.important:

single process affectingvthe-variatian-of parameter values-studied. Mineral

‘contamination represents contributions of detrital grains; rock ‘fragments,

clay bértic]es, and mineral dust-transported by wind, water, or gravity from

" adjacent .terrain, and soluble mineral salts from within the spring area

_»deposited by transpiration and -evaporation. - This contamfhétioh’process is

negatively reTated-to the precipitation of Ca mdst]y'as CaC03; The loadings

" suggest that precipitation of Ca and' contamination represent~opposing
-prdcééées occurring ‘at minekal-spring=si£es. The second factor or process,

' the‘depOSition’of.black'andwreddish-b1aCk Mn-rich precipitates,.character-

istica1]yainCTUdes:deposition.of Wy Mo;va,iand:Nb‘and*tQ some extent Ga and

‘Ba, and is.inversely related to the deposition of Ca, Mg, and Na. The third

v faCtor;fdépositioh-OfvréddfshAbrOWn Fe-AsrBé~precipitates; characteristically

-inc]udeé"deposﬁtion of Ge, Na; Y, and -Ra(eU). ;Radium,'represented by el
'i(tota]’fadiationmcount‘stated"Tn-tenns~0f’equivaTent uranium), -As, and related

~:-elements are'cdprecipitéted=byfFe(OH)£;rTIhe fourth factor, precipitation of

20






Table 6.--Reordered varimax factor matrix for precipitate sample data

[Data are from sampies collected at 24 of the 33 selected.sample -
localities. A data matrix of 54 samples and 32 variables was used]

Mineral Mn 4 Fe-As-Be. ‘Heavy metals.. Ba-Ra’

Variable contamination precipitation preq;p1tat1on precipitation . precipitation Communa11ty
i Factor: 1 Factor 2 . "Factor 3 - Factor 4 Factor 5
b loading- - loading - Toading ~ loading. loading
{h 0 Sievienans .. 0.883 - 0.156 - 0.152 0.220 -0.002 0.88
C Alieeeaaas «s  .848 .053 .107 L3001 .069 .83
S e .830° -.142 .064 A 067 -.229 ' J7
f CPueveseeess 807 -.170 .057 (.322) - 124 .80
o IMeeeancoans - .703 . ' ..001 177 (.359) (.317) .76
o CUsvenononne 670 -.015 , -.221 _ (.424) .125 .69
T - T - I - (.554) .165 ' 019 - 111 .76
Lo Tieeeseanase:i 596 B 1) | . - .133 . .058 .081 . .41
d Bevesosnasas - 7,553 -.157 ~ (.385) (.403). . -.188 o .68
LI B PPN « . 503 ‘ - =.121 4 .036 -.262 -.141 - .36
L Weeesesewdss =077 0 ..885 .069 - =123 o W157 .83
T NBesresonann -.044 . oL .824 - .165 S.oo.181 0 . L0100 -, TLnelT4
§ MNeooos eeens =012 .791 067 - .256 .164 C T2
T Moeeesan.., . G139 - .643 =034 (.460) ' - .133 R Y
©  Sbeeceeranens <-.068 . <.638 - <X.189 <.215 <.017 - <.49
; OF- D . (~.312) -.567 - =.236 -.187 v .170 .54
: MJeseoneones - (.417) - =.568 .. =.142 .180 -.181 .58
; ASeeesenans . .062 -~ 017 - .861 ) 277 - .035 ' .82
T . 7-DANN .. -.048 . .270 . 828 - : .182 .075 .80
i Fe.iuss. eees 274 ' 270 - .800 - .080 . =.010 .79
G Geeerieiainn - 150 , o .124 o 777 -.007 : .075 .67
i Naeeaaas eeee (4361) . (=.476) - .617 - -.080 CooW1500 J7
I (P eees  (4345) 278 491 .288 ' .055 .52
4 Niceeseaoae. (.344) -.001 © ... 168 o 199 - =137 .80
% COvuvanannnse .166 .305 Coe.082 0 793 . =234 " . .80
T Videereienns - (.612) -.175 o 122 -~ .688 .035 ' .90
Tl SCevassenaas .127 - S =170 : .236 A .636 (.378) .65
Pl Phesesecsnes G179 C.230 0 (.372) - .581 Coo=0128 .7 .58
7 Bleeswsssses {.360) . .{s50%) - . -1177 . -.068  .664 .86
o1 eU(Ra)...... - w267 0277 - '(.435) . -.052 . .661 .78
L SPevesesied. =.155 . --.166 - .. .053 (-.416) - © .542 .52
' La.......;.;wf,;075‘,', ST -.078 ceo=a0320 .028 ,,_‘ ' 2488 488 .25

Note: Underlined factor 1oad1ngs are those ‘for-variables most affected by the factor under
which they are Tisted. If a variable is significantly affected by ‘a second or third factor,

. its loading for .that factor is shown in parentheses. Communalities are the sums of ‘the squares

" of the factor loadings for each variable::They represent the proportion of variance in each

- .variable "accounted for‘by the five.factors; thus five factors account for 54% and 78%,

. respectively, of ‘the variance in Ca and eU concentrat1ons :
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we think we see in the field. . . L e L ;ﬁxq;f

the-ﬁeavy metals Co, Ni, U, Pb, Mo, Cu, Zr, and Cr, a classically hydrothermal
suite of metals, is possibly.related to igneous source-rocks:and TDS in the
transportihg,solutioﬁ. The fjfth:factof is precipitation of Ba as barite and
coprecipitation of Ra and Sr. | | .

Factor 5 confirms the strong association between Ba and Ra precipitation
previously observed. The Mn and;Fe-As-Be'precipitatioﬁ‘factors are also

positively related to the occurrence of high eU (Ra). ;Spring localities where

‘Mn- and Fe-rich precipitafes are being-deposited are typically,: and in part

conspicuously, radioactive. The. factor groups are compatible with field

obseryatiOns»and support the validity of our sampling procedures. In other

“words, the results of the statistical analysis of the sample data support what

Older precfpitate deposits of extinct radioactive springs (or of springs

- which have migrated to new outlets) and the older parts. of deposits of active

springs lose most of their radiocactivity in about 5,000 years. This loss of
radibactivity is caused By'radioactive~decay'of'226Ra;-yh1ch‘haSna half life
of 1,600'years;' The phenomehon may be used as~semiquéntitative'evidence to
heTp'estimatE'the.cumu]ative:period of activity“of:sdme modern springs and to
identify older travertine deposits:of active radioactive spring systems.
Factor scores for water samples

T Thefintensity of ‘the. effects "of the processes or factors determined in

factor analysis can be measured;by-factqr,sc0res as computed by'Steiner
' ‘,(1965).‘“A1Qébra1téliy the process of factor analysis:can be visualized as a

- system of-]inéah’équationsfof the form:

in whichwi stands(for the observations (samples) from 1 to N; j, for the

‘ variables from:1 to n; and k, for the factors from 1 to p. The probiem is to
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calculate the a's (factor loadings) and the f's (factor scores); Zji

represents the Z scores:(Dixon and Massey, 1951, p. 24) .of each variable (Jj)

for each sample .(i). Tables 5. and 6 show the factor loadings. for each
variable.

Theﬂequétion.for computing factor séores is

| fi = bkaji' '
b can be computed several ways, but.the simplest way to obtain factor scores
according to Steiner (1965), is_to.substitute-factor Toadings ' a for the b
values. Thus the. formula would .be: '
Tt = aglsie

The factor scores:are calculated by converting all data matrix natural
log values to Z,scqres. Then a_ factor scgrefisncqmputed for each sample for-
each factor. For examp1e, to combute-é factanscéfe for oné. sample for factor
1 in table 5, the'sténdard score value for-each vérjab]e is multiplied by the
appropriaté factor IQading, and the results, added algebraically, yield a
sing]e:scoreffor‘the'samp1e for factor 1. ~When~this:procedure‘is-épp]ied to

all water samples for all factors .the result is the factor score matrix of

- table 7. This matrix was computed from the data in table 3 and the factor

loadings in table 5.

" - The scores are a quantitative measure of the “intensity of the effects ofb

- the four factors. The high factor:1 scores for~16ca11ties 1, 2, 3; 24, 30,

and 31 suggest that. the total dissolved solids effect is highest in samples

‘collected from:these>1ocations.(CrystaT Hot Springs, Stinking‘Hot‘Springs,

JUtah'Hot‘SpringS3 Taylor Soda  Springs, -Soda Dam Hot Springs, ‘and Salt Banks

Springs). Highest: alkalinity effect (factor 2) is found in samples: from a

pumped well in Pueblo :County (loc. ZO)fand from'PonchéfHot Springs (loc. 22).
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Table 7. --Computed factor scores (as defined by Steiner, 1965)
. for water sample: data (tab1e 3).

32 - 76MSW2

- 7.33

I58

: Total

Locality Sample dissolved - A]ka11n1ty Temperature Fe-U

number. ‘number solids concentration
A Factor 1  Factor 2 Factor 3 Factor 4

1 76MSW8 . 16.19 S -4.34 1.04 3.15

2 . 76MSW5 14.17 -3.75 . -.02 -.59

3 - 76MSW15  12.86 -2.58 2.84 1.70

7 75MSW18 2.60 -.78 "3.89 -.42

8 7EMSW19 - .66 1.76- -2.67 -2.06

13 75MSW6 .76 1.06 .29 =3.77

14 75MSW4 2.75 T .61 -.43 -2.29

14 75MSW5 -2.62. -13.54 .33 5.85

14 ~ 75MSW3 - -1.06 -.79 .97 2.15

17 - 75MSW27  -2.49 -1.00 3.34 -.80

19 .75Msw28 4,96 . -1.82 2.47 - 2.99

20 - MIN-1 - .;-0 75 . =07 2.86 -.70

20 - MIN-2° =97 1.37 3.28 -.70

21 ~ SAG-4 - -5.05 2.24 1.40 -1.52

21 'SAG-4 ©=5.43 2.31. 1.31 -.L59

22 . .CHA-7 - -9.59 © 3.13 3.76 -3.10

22 CHA-6 -.930 2.89 3.48 -2.88

- 23 PAR-4 3.92 ~1.74 -1.31 +3.89

24 FRE-1" ‘8.23 .87 -2.01 +5.31

25 ~  75MSW10 - -1.83 .10 -.86 2.03

26 : 75MSW11 -19.59 6.75 -8.88 -3.52

27 - -~ 75MSW13 . -11.13 .70 -4.47 1.76

29 © HUE-5 - -13.45 . " 2.57 -4.69 -3.31

_ 29 HUE-4 = -14.00 -~ 1.67 . =4.72. -2.93

-+ 30 . - 75MSW8 5.29 1.22. -3.79 -.55

31 . - 76MSW1 -13.86. -1.36 2.00 4.66

T =96 c=2.77




| Highest temperature effect (factor:3) is found at. Baker Hot Springs,:
PonchavHotASprings; and Box Canyon (Ounay) Hot:Springs, Highest Fe-U-effect
(factor 4) is.found at»Doughty~Springs;(A1Qm.Spring), Tay10f~Soda Springs, -and .
Salt Banks:SprTngs.

In contrastgvthe samples. showing lowest intensity effects of any factor
“are indicated by the large negative values for that factor. Thus, the sample
‘with the least alkalinity effect.is from Doughty Springs (Alum Spring). The
sample with the lTowest Fe-U effect is from-the Col. Chinn well.

The four factors represent in a broad sense four neW-vari;b1es, and the
scores are-quantjtatfvé-heaéures of the effects of these variables on the
_parameters:measured. |

*Eiﬁéan-qprrelation.coefficients‘(r) among theifactors,-using-the,scores
in table 7, are calculated fo be:

Factors 1 2 .3 4
1 TDSuirerrrenenenesenes 1.0
"2 ATKalinityeeeeeeeennes =49 1.0
3 Temperature........... .42 -.32 1.0
4 Fe-U concentration.... .53 -.61 ',15 1.0
-Coefficients of r > +°.38 afe significant at .the 95fper§ent level, and those >

+.49 are significént at the_99-percentv1eve1. A1l computed coefficients are

" _significant except. the ones between alkalinity and temperature and between Fe-

*.U'and-temperature;'_Highest*correTatfons‘are«between aTkalinity and Fe-U
concentration (-.61),1bétween TDS<and:Fe4U-concentration-(.5});nand.between
TDS and a1ka11nity'(4a4§); fTheﬁhightCOrre1ation$~are interpreted to mean that
'Fe-U>and TDS aré-genera11ywboth 1ower'1n'Waters of high alkalinity.

' Aiscattér-diagram of-a]kaiinityffdctor-scores aﬁdvcorreSponding-Fe-U

-factok.écores=(fig.*Z)“COhfirms‘the genér&]Ty‘negatﬁve'relatidnship'between
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factor scores for 27 spring- and well-water samples.



the two.. The extreme Fe-U high score“isufof-a'samp]e collected at Déughty-

: SpringS'(A1umJSpring), which has acidic water. On the other hand, the next
highest Fe-U score is ffom Taylor Soda éphings;:which_has moderately alkaline
waters. Of the springs studied, the higher Fe-U scores iend to occur in
waters with alkalinity scores in the range of +1.0 to - 5.0. The lower Fe-U
scores. tend to occur in water with alkalinity scores in the range of +5.0 to

-1.0.

= Féctor Scores for pre¢ip1tate-samp1es

Trace.element data from tablé'4-and'the factor loadings in table 6 -were
used to calculate factbr scorés for the 57 precipitéte samples. The factor
score matrix is shown in table 8. |

As with the water samples, if the factors'are considered'to'be
geochemical processes, and thg factor loadings-an indication of :the effects on
~ the parameters measured, the factor scores are measures of intensity of the
totaT'efféct of each. process-on each‘sample.'vNegatTve scores indicate Tow
intensities, high positive»scores-fndicéte relatively high intensities.
-.'-:'.Gomputed‘linéar correlation coefficients (r) of the factor scores. using
all possible-pairs are shown below:

Factors | ‘ | - 3 4 5
1~ Mineral contamination........ 1.0 l
2 Mn precipitationee.eeerecees. .21 1.0
3 FecAs-Be precipitation....... .71° .45 1.0
4 Heavyﬂmetaﬁs'precipitation;;;.;.84'" .33 0,71 1.0 ¢
5 . Ba-Ra OreCipitationeesseeses 219 .43 35 - .07 1.0

Coefficfent'ya1ues of .27 or greater are sfgnfficaﬁt-at’the 95-percent

. level, values of .35 or greater are significant at the 99-percent level.
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Table 8.--Ccmuuted factor scores {as defmed by Steiner, 1965)
) for prcipitate saggle data. (taofq j

Locality Sample Mineral Mn | Fe~As-8e. Heavy. metals Ba-Ra
nymber number contamination- precipitation precipitation- precipitation ' grecipitation
Factor [ ~ Factor ¢ Factor .'i' Factor 4, " Factor &

2 75Ms1028 4.89- -2.71 -3.82 -.99 2.23

2 75452038 9.41 -3.77 -1.83 . -1.27 1.14

2 75Ms1018  -3.61 - =301 -5.582° -4.85 3.40
3 7SM5105-  -7.54 . W01 ) -.67 -5.33 A2

3 75MS104 -~ -3.57 . -.02 73 -4.67 1.08

4 75M51068 3.47 =32 ' .58 - .65 .58

Lo 5 75M5107 12.98~ - 1.83 1.06 . 4.86 .58
. 6 175M5108 -6.87 -4.74. -6.99 -5.13 -2.33
T 7 75M51098 -.37 3.99 . -.01 -2.54 .96
7 75MS1118 2.20 5.82- 1.81 EETY ¥ A 1.85

7 75M8110 . -4.26 -4.45" -5.34 -4.81 -2.53

8 75MS112 8.00 -3.34 ‘ -.84 .62 .64

9 75MS1138 -7 9.7% 7.04 -2.06 1.98

9 7MS11S -5.53 -3.80 -3.99 =3.56. | -.35

. 9 75MS114 - -10.59 .10 -3.97 o -5.31 -.41

10 75MS116 2.31 =33 1.18 .80 1.73

11 - 7SMS117 9.87 . -2.95 1.38 .98 -2.10

12 75Ms118.  -~11.29 -5.48 ) ~7.56 -3.90 -2.07

14 75Ms34 - 2.2 i .09 -1.64 : 1.47 5.13

14 75M833 .34 J9 -1.44 . .33 4,68

; 15 75MS35 . -7.33 - -4.97 -5.89" -3.90 -5.88
1 16~ - 7MS29 -9.37 -4.18. -6.58 -5.24 - 1,97
! 17 . 715Ms30 -1.33 18.90. 6§.73 2.12 1554
. 17 T 7%Ms1228 -7.59 11.02 -2.30. -2.19 12.78
; 13 75MS119  -10.42 -3.44 -7.45 -5.30. -2.81
19 7SMs123 -8.38 -3.32 -5.34 -5.62 -1.23

21 75M520 =7.74 N L -5.55 - -4.65 . o-1.14

21 75Ms21 1 -6.36 | -1 86 -4.56 -4.67 - =94

21 - 75MS22 -9.10 - -3.80 ©-3.53 -5.15 - -1.95

22 . 75M525 2.57 - 14.48 - 4.25 1.53¢ 1.99

2 - 75Ms27° 3.96 13.51 1.89 . 2.75 4.14

22 © . 75MS26 -8.63 : 1.05 : -5.05 -4.13 -2.02

23 . 75Ms1 ©.5.47 ¢ -.68 6.26 ) 2.72 1.29

23 75Ms4 3.87 -2.37 3.91 S 1.1l .79

23 75MS2 -2.24 -3.73 -1.65 . -2.81 .17

! 23 7EMS5 -8.23 -3.80 : -3.53 - =5.13 - -1.86

' 23 75MS3 -6.47" -5.09 -3.87 - -4.71 - -0.72
24 o TSMs17 9.59 ~2.69 8.61 : 1.26 .44

26 75Msl4 - 3.27 © =.51 7.32 -.15. .95

24 7SMs1l. - 2.89 T =26 6.86 -39 -.51

_ 24 . 75MS15 7.60 -.73 - 7.27 3.38 1.63
24 7Ms13 | -5.13 -3.27 -1.35 T -4.00 - .84

28 - 75Ms19 -10.14 ~4.72 -5.85 <4.91" - =2.04

T 30- 0 75Ms40 1.93 ) 2.83 - ) 2.57 - .. 2.62 3.00

a1 76C0%8 16.52 T 4.86 . 8.96 14.37 . -.79

31 - 76€D98 5.48 2.77 10.37 - 13.57 1.41

3l -~ 76CD7 . 5.87 Co-lal2 - 6.21 c.6.21 -.55

31 76CD6B 6.75 --1.43 11.66 ’ 8.08 - 1.58

31 o76c02 .. 7.93 - 632 - 2413 13.19 -3.36

v '76CD3 ‘13.46. - - <2.160 . . - 1.13. . B.56 - - -4.98

S 31 © 76004 - -- 14,38 1.12 2.39 11.35 o =3.23

3 76€D8 3.07 <o -3.88 - -2.63 T 23,30 -1.37

31 760010 - .37 -3.49 - 1.00 2.55 -.01

33 76CD18 -8.30 . -2.53 1 4.66 -3.65 -1.52
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i
Levels: of Fe-As-Be and heavy. meta]s prec1p1tat1on correlate highly w1th
mineral contam1nat1on and .Tevels of Fe-As- Be' and Ba Ra precipitation
correlate highly with Mn precipitation. ,Thus~there:appear»to be two groups of
significapt1y.intefeorrelating-factors: i, 3, and.4§‘and72, 3, and 5. The
first group seems related to. mineral contamination ahd heavy metals
deposition. . The second group seeme-relatedvto'Ra deposition. . Factor 3 is
included .in both groups. The intercorrelations emphasize'the"fact that the:
effects of some of.fhe geochemical processes tend tb overlap.to a highly.
- significant degree. iThus,‘for-example, the factor‘ﬁdentified by us as mineral
.‘contamination 15 affected by the factors 1ndentifiep as FeQAs-Be precipitation
and heavy metals precipitation, and the latter two #actors are similarly
related. Calcium precipitation ( a factor?) may be!a process competitive with
the first four faetors. Magnesium may'oecur both 1n mineral contaminants and
l

in precipitates. Note 1ts apparent negat1ve re]atnonsh1p with Ca in factor 'l

and its pos1t1ve relat10nsh1p with Ca in. factor 2 ﬂn table 6.

I
|

Ranking of localities |
“Factor scores were used to rank the various samp1e 1oca11t1es in terms of
‘the intensity with wh1ch each of the identified geochem1ca1 processes _
operated ‘This was done by us1ng the h1ghest samphe score at-each locality.
»For examp]e ranking of the water-sample 1oca11t1es in terms of ‘scores for
'factor'4; the'Fe-U}concentrat1on=factor,*produced*éhe‘f0110w1ng~s1x highest
ranking localities and-scoresz

1. "Ddughty'SpEings : ©5.85

2.~ Taylor:Soda Springs - 5:31

3. salt Bank Springs . 461
-4, Guffey Soda Springs 3.89
. 5. Crystal Hot Spring.' 3.15
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6 - Bakers. Br1dge Hot Spr1ngs 2. 99
The Six h1ghest ranking. 1oca]1t1es for precipitate. samp]es in terms of

scores-for factor 5, the Ba-Ra: prec1p1tat1on factor, are:

1.. Doughty Springs- " 5.13
2. Poncha Hot Springs 4.14
3. Stinking.HbtASprings T 3.40
‘ ,4.--Soda DamaHot'Springf : ‘ 3.00.

- | 5. BoX‘Canyon'Hot,Springé* S 2,78
6. Red Hill Hot Springs - 1.98
- | The fiVefhiQhest'rdnking-]éca]itﬁgs'based on a.compdsike»df'the scores of

the fourvfactorsgfor water‘Samples.and the five factoré*forbprecipitate _

samples are shown in the following list .and in f1gure 3

1. Poncha Hot Springs
: 2. Salt Banks Hot Springs
% i | . 3. Taylor Sodé.Springs
; o 4, Crystal Hot Springs
5. Box Canyon Hot' Spr1ngS~
. -Based onlthenhmgherf1ntens1ty~of‘geochemicai.processes invo1v1ng
‘radioactive: e]ements these localities are consxdered to. be the ones most

-1ikely to-be: aSSOC1ated with uranium m1nera11zat10n.

Conc]us1ons
“The.ddta presented. in th1s report indicate: that’ samp]es of ‘water and
" precipitates: from rad1oact1ve m1nera1 springs and we]]s can: supp]y a
Zcons1derab1e amount .of- geochem1ca] 1nformat1on of ; va]ue dn.a-uranium
“exploration program. | | |
Mu1t1var1ate stat1st1ca1 ana1y51s and the computat1on of factor scores.

:'~y1e1d reproduc1b1e ev1dence regard1ng ‘the re]at1ve 1ntens1t1es of geochem1ca1
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'processeé operating;atfthe:SampTedslocéTities;.'Based on'the‘reTative-
intensities of geocﬁemica]~pro§essés~invo]ving.uranium dnd radium-as measured
by factor scores, Ioca]ities“may~be:selected‘as‘siteSﬁforifurther.exp]oration
for uranium depdéits assoéiatedeith”active hydrothermé]‘systems.
The.immediate”va]Uévof”using radioactive mineral spring data for uranium .
exp]oratipnepurposes cannot. be demonstrated.. Little exploration fbr uranium-
in hydrothermal systems has been atteémpted, owing to unevaluated risks related
to- depths of ore and-a,laék‘of kﬁow]edge concerning~bossib]e,ofe'gradesrand
sizexof‘deposTts.i'Further geochemical study of the radioactive springs may
' pkovide,additibnal fhformationAnéeded.£0tdecrease the risks involved in
exploratory dril]ing‘ofuthe~uranium-r1ch'hydrothenna] systems.
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