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o fQuant1t1es<3fhe11um exsolved from water samoles d1d not f1t any pattern

ABSTRACT

So1] and water samp1es in: and around the Long Va11ey geotherma1 area, )

'ﬂn‘:Wono County, Ca11f e were col]ected and ana]yzed for he11um by means of a
”'mod1f1ed mass spectrometer ]eak detector to see: what re]at1onsh1p he]1um
a,_ concentrat1ons m1ght have to geotherma1 features of the area and to prev1ous1y

'fstud1ed mercury anoma11es in- the area

Anoma]ous]y h1gh concentrac1ons of he11um occurred over. part of a maJor

':'S1erra Nevada fronta] fau?t and over other faults. outs1de of the ca]dera
-ijnoma1ous1y 1ow concentrat1ons of he11um occurred 1n severa] areas of - high

| ",'.mercury concentratTOns, wh1ch were a]so areas of hydrotherma1 alteration.

INTRODUCTION

" The development of a portab]e he11um detector has spurred the. study of -

“:he11um 1n so11 gases as a potentual exp]orat1on too] in geotherma1 areas .
' '(Roberts, 1975 Roberts and others, 1975 Denton 1977 H1nk1e and others,
‘ -'71978) ‘ However although anoma]ous concentrat1ons of he11um in: so11 gases
"vappear re1ated to geothermal features in some areas, 1n other areas. the

;'fj;1nterpretat1on of the he11um anoma11es 1s more 1ndef1n1te (De]]echa1e, 1977)

| The u.s. ueo1og1ca1 Survey has conducted extens1ve geoohys1ca1 and

geochem1ca] 1nvest1gat1ons of the hot water- tyoe geothermal area in +he Lonc'3'

- Va]]ey ca]dera of Ca11forn1a (U S. Geo]og1ca1 Survey, 1976) The result of
these 1nvest1gat1ons was a thorough character1zat1on of the surface exoress1on

‘land geophys1ca1 features of the Long Va]]ey geotherma] syscem, olus a-good

est1mate of the temoerature of 1ts reservo1r ~ Because of the good character1za+1on :

of the Long Va11ey ca]dera a he11um survey was | made here to see what, 1f any,

- relat1onsh1p cou]d be. found between concentrat1ons of helwum in sox1 gases and L
"wacers and features of the therma1 area such -as: faults or hoc sor1ng act1v1 y.,

‘ The he]1um survey was conducted from June 7 to June 21 1978

- [‘};L



’ 'samp]e per 2 km2

The Long Va]ley ca]dera 1s at the base of the eastern s1ope of the S1erra

'-ANevada Mounta1ns,‘50 km northwest of the town of B1shop, Ca11f (f1g ).

k ?Long Va11ey is- an e111pt1ca] depress1on -of about 450 km2 that was formed by

fﬁ,the co]1apse of the roof of a maoma chamber fo110w1ng a 1arge vo1can1c :

"uerupt1on about 700 OOO years ago A resurgent dome ]0 km 1n d1ameter r1ses‘
L‘f'SOO meters above the va]]ey f1oor in the west centra] oart of the caldera.

”The resurgent dome 1s bounded on the east by an extens1on of the H11ton Creek
.fau]t, a- maJor act1ve S1erra Nevada frontal fault that crosses the m1dd1e of
o the ca]dera Hydrotherma] act1v1ty 1n the Long Va]]ey ca1dera pers1sts today AJ

'L;as hot spr1ngs, fumaro]es, and mud pots, the act1v1ty apoears re]ated to the

’ng11ton Creek fau]t Areas of kao11n1te c]ay formed by ac1d1c hydrothermal
'a1terat1on can’ be seen in places on the resurgent dome prwmar11y at the
"commerc1a1 kaoltn depos1ts near L1tt1e Antelope Val]ey, bUL a]so near Hot Creek .it

Vand at Casa D1ab10 Hot Spr1ngs (Ba11ey, 1976)

SAMPLE COLLECTION

A tota] of 269 so11 samp]es were co11ected over the Long Va11ey ca]dera

'and adJacent areas, 1nc1ud1ng the area extend1ng outs1de of the ca]dera
tfﬁgfapprox1mate1y 15 km to the east and southeast The s1tes selected for samo]1ng
” §7he11um were approx1mate1y the same ‘as those se]ected by Mat11ck and Buseck

- (1975) for the1r study of mercury concentrat1ons in“the area (f1g 2), S0 we

can compare the concentratxons of the two elements and study the relat1onsh1o

- of he11um to geotherma1 features of the ca]dera Sample dens1ty was about one. |
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At each sample s1te the top . 4 to: 8 cm of s011 was scraoed away with a |
\trowel, and the so11 be]ow that was p]aced in a 20—m1 s1ze Vacuta1ner-/ brand '
" blood spec1men tube. Care was taken ‘that sma11 stones and organ1c debr1s were’
not coTlected D1rt ‘was brushed away from the 1ns1de neck. of the Vacuta1ner
,tube, and the tube was sea]ed w1th its a1rt1ght rubber stopper
| In-add1t10n tozthe-reg1ona] soil_samples, another'282-so11s were collected
at approximate1y-200rmeter spacings-in a traverse,by‘roadjaCross the caldera. |
'This traverSe started atAthe:Mammothf»Mountain skivlodge‘on’the west side of the
~ caldera, passed by;fhefCéSevbiablohdot“Sprtngsivcrossed?the resurgent dome,
3.‘continued'acrossﬁtheivaltey,onithe;eastzsidefof[thelcaldera,”and:ended in the
- Wilfred Creek~campgroundsi'Théqurposelof thisfcfoseespaced sampling was to see
.what.geothermalfeatures might{be“revea1ed.by c]ose\samp1ﬁng; and to compare
- the usefulness df1traverse~sampjingfW1thuregiona1 samp1inglacross this area.
The traversetsampTes;were co]lected'in the‘Same-way‘as.the»regiona1 samples.
| Nine,waterﬁsourcES.were sampled for ana]ysis'of‘eXSolved he]ium; the
temperature'of the'water was measured'aS”CIose to the-orifice as possible
 (fig. 3) Each water source was sampled 1n tr1p11cate by collect1ng water
:trom the spr1ng or we11 in one-11ter plast1c bott]es The bottles were f111ed'
'ew1th water to a 11ne drawn on the outs1de of the bott]e the amount of a1r—
“f111ed head space above the water sample was 60 + 10 m111111ters The bottles
were capped w1th a plast1c screw cap-that had a ho]e poked through its centeru
and a rubber septum glued over the ho]e The bottle of Water was Shaken to degas
d1sso]ved he11um. Then a need]e w1th attached sta1n1ess steel gas-sampling
container was pushed'throughzthe septum and ‘12 cm;3 of_gas was removed from the>.

air space above the water; the gas was sealed in the'stainless-steel container.

2 ]/The use of a brand name in thws report is for descrwptwve purposes only

'Aand does not const1tute endorsement by the u. S Geo]og1ca1 Survey
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- SAMPLE PRE PARATION AMND ANALYSIS
" The fleld 1aboratory ‘was conta1ned in a tra11er 1oca+ed in the town of
Mammoth Lakes The he11um detertor was ca11brated 3 t1mes a day aga1nst a

standard air m1xture conta1n1ng 7,460 ppb (parts per b1111on) helium. Ambient

:1aboratory a1r samp]es were run before and. after each 5011 ‘gas sample. Ana1ytica1 o

,resu1ts were’ obtaaned as parts oer b1111on helium 1nvexcess of he11um in

ambient air (5, 240 ppb) . Prec1s1on of ‘the helium measurement was *+ 15 ppb.
Soi1 samp]es were analyzed for he11um by the procedure of H1nk1e and

K11burn (1979)~ Samp1es co]lected in the-reg1ona1 oattern were Teft stand1ng

in the f1e1d Tab for 3 days before ana]ys1s to a1low the he11um from the so11
Vto equ111brate w1th the he11um in the dead air space in the tabe Samples

- coJ]ected_Jn the trayerse across the}ca1dera were ana]y’ed at U.s. 'aeologicaT
:SurVey laboratorfes in DenVeraéZ-days later. He11um concentrat1on in the pore

‘ soace of undr1ed so11 samples was ca]cu]ated by the f011ow1ng formula

3 i
opb He, in pore space = _,(5 + dead yolume) cm x excess ppb helium
‘ ‘ ~ (22.5 .- dead volume cm ) 1 - undried weight of soil-
' - S ~ 2.65(22.5 - dead volume)

*f5 cm3 is the amount of amb1ent a1r added to pressur1ze the samo]e, g _'

" dead vo1ume 1s the vo]ume of the Vacuta1ner tube not occup1ed by the so11

~ sample (determined by evacuating the Vacutainer tube containing
| soil and’then>measur1ng.the amount of ambient’air'necessary to
restore:theltubetolatmospheric perssure);
22-5i¢m3 is. the~v01ume"of‘the nomina1'90=m1 Vacutainer tubes;

2.65-1s the assumed spec1f1c grav1ty of the 501] samp1es, and

'excess ppb helium is the amount of he]1um measured 1n excess of helium in

amb1ent_ajr. =

_ Reproducibility of the'measurements was approximately + 30 percent.



SampTes of the head space a1r conta1n1ng gas exso]ved .rom water wera .
‘_analyzed the same day as coTTected By .direct- 1nJect1on 1nto the he11um
. }detector and compar1son w1th amblent a1r Results are rnported as totaT pob -

: he11um measured 1n each samoTe and thus are reTat1ve va]ues

| ’ RESULTS o |
':.ffi{' Reg1ona1 samples Concentrat1ons of he11um 1n the oore space of so11
' fsamp]es coT]ected 1n the reg1ona1 oattern ranged fron 830 to- 20 000 ppb helium-
-'1n excess of heT1um 1n amb1ent a1r The mean and standard dev1at1on of the

'#‘reg1ona1 sampTes was 3748 + 2159 pob He The concours on the map of he11um

Ts'concentrat1ons of the reg1ona1 sampTes (f1g 4) roughTy represent one standard:fdf

‘:fﬁj dev1at1on beTow the mean and one and two standard dev1at1ons above ‘the mean.

| ‘2 Traverse samp]es Concentrat1ons of he11um 1n the pore space of so1T
" samples coTTected 1n the traverse ranged from 1, 700 to 20 000 ppb he]1um in L
excess of heT1um in. amb1ent a1r The mean and standard dev1at1on of he11um

,concentrat1ons 1n samples co]Tected in the traverse across the ca]dera was-

o 7930 + 5045 ppb (f1g 5)

3 Water sampTes Average concentrat1ons of he11um measured in gas

"‘*%f:dabove the water samp]es ranged from 4 476. to 12 125 ppb ReDPOdUC1b111t¥ Of

A-yffthe measurements was' w1th1n TO percent of the average for each water source

' (tab]e 1),
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Table 1.--Helium in gas above water samples.’

H_ Sample

Water A - -
‘temp., . " Flow

ffDescriptfdn SR (°c) - (ga]/min)l'

Helium
- in gas
- above

water2

(ppb) . -

Average -

helium

in-gas .-

above
" water

(ppb) "

Helium. in
pore
space

of soil.

Locétion"'
~ (Lewis?)

LVl

2.

o

S o -7

'Bid Sérings;;;-7;i_i%-,% . >]5v':':', o
L\ttle Hot Creek-}---e—-[ﬂ 74  - ag-270. - .-
©_Artesian Welle-—mcemssss | BT 1418

Casa Diablo. Hot U6 Mo visible”

'f6thh§p‘3§ fj?}.})"fﬁ’f:,SBFA‘::'l3a9l S

Range 29E,
NE corner, sec 31

" south side of rogdf--- f;;51\1'

- ToWn§h1p"3§1 RSnQe _ '3-5 44if 6

29E, SE quarter,

L sec. 21, south of road

© "New" hot - spr1ng,:‘ SN 85'7; -5

" Hot Spr1ng Park-—;---f-.

50 meters west of LV 7—-f 63 ;.  5

.- 5,884,
o o==do-s
T sadoe-
4,564
4,304
© 4,460 -

5,136,

'5:136

5,110 -

15,058
5,266 0
5202

5,213 -
5159 .
BT S

11,558
1183

-5,884

4,476

12,125

13,286 .

75,500
5,342
. 5,682

5,838 .

1 As reported by:Lewis, 1974.

Nhitmore Hot Spryngs
spr1ng feeding .
sw1mm1ng poo]—--g-;-_

3 Ca]culated by Sorey and Lew1s, 1976

2 5,240 ppb helium = concentrat1on of he11um in atmospher1c aTr

oo

5,500
5,578

'“.}‘ff,s s52:

T BR,046
s 6 ;596;

‘? 5 543

5027

5,213,

5,509 ¢

8 198;;1;69_1;:_6_;999

©1,601-6,000

1,601-6,000

1,601-6,000

o <T,600°

1,601-6,000

*1,601-6,000

1,601-6,000

‘j@m¢$m

25/27E-25AS1

35/28E-13653

35/29E-13C1

| 35/28E-35ES1

| 35/29E-31A51-4

35/29E-21PS2"
35/28E-25AS1

35/28E-25H52

45/295 6HST "

214

s -

189"

225

210

2100



: DISCUSSION ,
1. Regional samples: No direct correlat1on appears between helium and -

- mercury conCentrationS'in-Long Va11ey, however an apparent 1nverse

'v:jrelat1onsh1p exists around areas of surf1c1a1 hydrotherma] a1terat1on where

mercury concentrat1ons are h1gh and he11um concentrat10ns are 1ow
| Anomalous]y 10w concentrat1ons of he11um in 5011 appeared over areas of
"v1s1b1e surf1c1a1 hydrotherma] a]terat1on (the Casa D1ab10 area, the c]ay
p_depos1ts in L1tt1e,Ante1ope Va]]ey, and near hot spr1ngs) and in other
_,scattered areas (f1g 5) | Although no a1terat1on was v1s1b1e in some p1aces .

fwhere helium concentrat1ons were 1ow, the who1e area was act1ve in the past,
:*at depth as well as at the surface (Rlnehart and Ross, 1964 p. 79-81; Huber
and R1nehart 1967 p D19) : The anoma]ous]y Tow he11um concentrat1ons may
‘represent areas where he]1um is st111 present but trapned beneath hydrotherma]ly'
a1tered rocks that have "se]f—sea]ed" due to s111c1f1cat1on arg1111zat1on or
zeo11t1zat1on (Ba11ey, 1976, p. 741) | | | |

Anoma]ous]y h1gh concentrat1ons of he11um appeared along the Hilton Creek

:fault where 1t enters the ca1dera from the south and southeast of the
caldera, near the Owens R1ver gorge, near a zone of. north trend1ng faults
B (R1nehart and Ross, 1957) A1though h1gher he11um concentrat1ons appear along
the H11ton Creek fault on the south s1de of the caldera the “anomalous
concentratnonsdonot cont1nue within the ca]dera, The lack of~cont1nu1ty of
high he}ium concentratiOns may be due eithervto'sea1ing of the fault by products

of hydrothermal alteration or to‘di]ution_of'helium‘by,1arge'concentrations of.

o other"gaseS‘escaping From the open'fault- More'detai1ed sampling along and -

near known faults m1ght he?p exp1a1n the 1ack of cont1nu1ty of he11um '

concentrat1ons

12



: .2.. TraVefséAsampjgszy’The pattern o? héiium,in soiT éoncentrations was.
similar for the regional and traversé‘samples,_4Howevef,_thé h§1ium-
concentrations Weré nqt‘éxéctiyifhe'§ame'be§ause'the c}dse-sbaégd traverse
samples disclosed more 1ocal‘featﬁres'thén,the:regiona];samp]es.‘ Noticeab]e  ,
f:simiiarities.are.the;lowwhé]i@m?éreas,arouﬁd'the CasavDiabld‘Hot Springé and
~on the-resufgent~dome;-’Anomaious1y-high,he]ium}ébncentrations.ingtraversé

samples ‘occur near the Owens Riyér.v5 | |
| 3. -Comparisoh of he1fum concentrdﬁions with geophysicﬁi méasurements:"In _

1972-1973, the U.S. Geological Survey conducted a multidisciplinary earth.

'lécience~study,of thegLong Vé11eyf§rea;‘ﬁln“genera1, features idehtified by the _ fVF

geophysical investigations have Tittle or no correlation with anomalous
concentrations of-helﬁumAiﬁ soil gas, either.in=thé Eegjdna17samp1es or in

the c1ose-spaced“traverse‘samp]és.

13



He1ium concentrations;showed no correlation with temperatures,meaSured,atv
T a 10-meterrdepth[ih dri11gholes byiLachenerCh.and Sorey (1976':fig 1) nor

| hith aeromagnetic’data'of'Kane*and pthers (1976, fig. 7). Anomalously _yﬂl
"concentrat1ons of he11um d1d not corre]ate with res1st1v1ty anoma]1es

: However anomalous1y 10w concentrat1ons of he11um occur in an area of 1ow
';res1st1v1ty at Casa D1ab10 Hot Spr1ngs, the res1st1v1ty 1ow is be11eved to be

| due to a]terat1on, hot geothermal fluids,. or both (Stan]ey and others, 1976
tf1c 4) W |

| ,A4 water samples . In sp1te of the fact that any gas exso1ved from the

| water samp]es was d11uted cons1derab1y by the approx1mate1y 60 m] of amb1ent

,a1r in the head space over the water five of the n1ne samp]es conta1ned
‘Aenough-he]1um to-y1e1d tota]-helium_concentrat1onsigreater‘than,ambqent air.
_Concentrations Ofrhe1igm.dega55ed from.water samples.are not comparable with
.,heliUmAEOncentrationstin soil-gases‘af‘the surrounding areas. No,carrelation :
exiSts,between~the‘amdunt'of helium exsolved from a water sample and the
measureditemperature pfathe'water;,~He1iam-is Teast so1ub1e‘in<Water at 339C
(MorriSOn and’dohnStone 1954 Weiss, 1971) ‘however, the 1ower he11um

'concentrat1ons are not c]ustered around that temoerature Hot»water discharging

*from Long Va]ley therma] spr1ngs 1s or1mar11y meteor1c water that was heated by o

‘hot rocks as 1t moved through the system Sorey and Lewis (1976, table 3) used
geochem1cal m1x1ng models to ca]cu1ate the temperatures of some of ‘the hot
Spr1ngs at depth. The-subsurface spr1ng~temperatures are listed in table 1;
quant1t1es of helium exso]ved from the spr1ngs do not appear re]ated to these

| temperatures e1ther

14



‘SubSurface conditions'evidentiy are very complex. Helium: exso1ved from
) : water d1ffered by 689 opb 1n samp1es from two. hot spr1ngs 1ocated on1y about
L ;50 meters apart in Hot Spr1ngs ‘Park. Differences in he11um content between
. water samples may be- re]ated to the prox1m1ty of the springs or, we]]s to Tocal
4;fau1ts that serve as channe1s for he11um emergwng from the deep S1erra Nevada.
' fronta]~fau1ts A more extens1ve sampling. of he11um in sor1ngs and seeps

m1ght reveal more - about subsurface cond1t1ons

_ CONCLUSIONS .
‘J Reg1ona] and traverse samp]es y1e1ded s1m11ar results'. CTosefspaCed .
‘samples y1e1ded more deta11ed 1nformat1on | 1' 4 |
| ‘ 2 Anoma]ous]y h1gh concentrat1ons of- he11um qn so11 gas. anpeared over -
fthe H11ton Creek fault and other fau]ts outs1de of the caldera. |
| 3. Within the ca]dera, anoma1ously Tow’ concentrat1ons of heliumiin: so11
gas occurred in severa] -areas of h1gh mercury concentrat1on These were a]so
areas of y1s1b1e=surf:c1a1-hydrotherma1~alterat1on, suspected to be fossil
-hydrothermal alteratfon5 The assocwat1on of Tow he11um concentrat1ons and
' a]terat1on is. potent1a11y usefu] in 1ocat1ng zones of subsurface on-go1ng
'k-hydrothermal act1v1ty and 1n study1ng the geotherma] h1story of- the area
o Quant1t1es of he11um exso1ved from water samp]es represent very 1oca11zed ‘
<cond1t1ons within the geothermal system in Long Valley. Helmum in water
measurements might be'usefu1-1f.a Targe numbernof sampleslwere‘COllected and

analyzed for total gas content.
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