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-ABSTRACT

A radiometric traverse was made across gr{anifiic rocks in the Huntington

Lake area of the Sierra Nevada, Califo’rnia. Field gamma-ray counﬂng ratég el
“were recorded, and samplea were taken and subsequently evaluated in the 'v
laboratory for U, Th, and K content by gamma-ray spectrographic analyses,

" These concentra.tions were converted to heat-generation valuea, using the

6

- factors given by Birch: 1 ppm U = 0,73 cal/g- 10y, 1 ppm Th=0 20 cal/g-10 Yo
e 1% K= 0.27 cal/g 106 y. Three principal plutons were sa.mpled' a stock of |
o pyroxene quartz diorite on the western border of the Sierra, hornblende-biotite o
‘. L gra.nodiorlte of the " Dinkey Creek" type on the western slope of the range, and |
- the Mt, _Givex;'s granbdiorite occupying the higher elev_atiens east of Huntington -
2 La.k.el. Laberatoxy results indicate tﬁat the Mt, Givens gfranodio’rite averages
nearly 'twice the Uand Th content‘band."therefore,' v'nevarljy tyvice' the radiogefxic
- heat.product:ion' ef Dinkey Creek-type granodioriteﬁ the pyroxene quarét‘z‘ diorite
= ia quite low in ra.dioiaotope content, and consequently heat production, compared

. _ _to the Mt. Givena and _Dinkey Creek plutons. Average valuea are given below.

‘No.of 1’: K = Total he 6’“

B o _samples gﬁ % gcazg%-io y)
Mt, ‘Givens granodiorita - 7 23. Z 53:1:5 03 1.

7" Dinkey Creek-type R ;.9 3.95:&0 12 12, 8:!:0 22 2.05%0.02 6 020,14 .

granodiorite

'L'Pyioxene quartz diorite . : e 0. 65#0.12 1 uo 18 0 45*0 0‘1 0.8:1:0._13_

':2
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" The ratio of thorium to uranium does not vary appreciably between the

- rocks on the western flank of the S£erra. )
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Mt. Givens and Dinkey 'Creek plutons, averaging 3.24 in th§ Dinkey Creek -

" and 3,06 in the Mt. Givens. If the radioactivity of the Mt. Givens grano-
-~ diorite can be considered to be typical of the youngez granific rocks of the '

Sierra .Nevadé, and that of the Dinkey Creek«type granodiorite typical of the
older plutonic rocks, a large central portion of the batholith may have con-’ :
siderably higher radioactivity and radiogenic heat production than the older

i

e .

B
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| INTRODUCTION _‘

A knowledge of tha abundance and dxstribution of natura‘l radioactivity in
rocks is necessary to properly evaluate the amount of heat generated in the |
o earth, Jacobs et al. [1959] state that "It is practically certain that of the ob= L
“served heat flow no more than 20 percent can come from the original heat of the

arth. the rest must be due to the radioactivity of the rocks," Yet, ocean-floox
measurements have shown that the average heat flow above the relatively thin,
_ basaltic sub-oceanic ¢rust is quite 3imﬂar to that measured on the continents.
To explain thia'"it hag been suggested (Verhoogen[1956]) that conduction is not .

. the dominanﬂ:,procjess of heat transfer in the earth; convection may play an

"o important role. Also, the necessfty has arisen for a better understanding of

; ‘the distribution of radiocactivity in continental a.reaa. because the assumed distri- o

- butions of radioactive matter may need to be revised Therefore. it is evident

- that an evaluation of the distribution of isotopes responsible for rock radio-.

activity--uranium-ZBS. thorium-ZSZ their decay products, and potassium-ég--xa 1

. of fundamental importance in establishing the radiogenic basis for earth heat,

. The authors with the cocperation of members of the U. S. Geological Survey

- have undertaken a study of the gamma radidactivity«of the granitic rocks of the

_ Siéria Neirada bétholith. using gammae-ray spectrograp}ﬂc-anélysis techniques
| ‘employed at the Health Physics Departrﬁent, Lawrence Radiation Laboratory,
| .bv;:‘ﬂB'er,l‘;el_ey..’ In this study we shall attempt to establish the :distxl'ibutié‘r.z in urénium,
b‘ .:thorium, and potasﬁium in several of thé batholith's plutonic units as Wen as the

L '«_' ., é;hount, of heat generated by radioactivity in each unit,

N  The reasone for choosing the Sierra Nevada follow: |
- bfa.,."ﬁ The batholith represents a large volume of fairly hdmogeneous material;
) . '_b. Uranium, thorium, and potassium are in godd abnndanbé in. graﬁitic rocks;
, €. Surface exposures are gdod. egpeciaﬁy in the glaciéted highér _elevaﬁione H
: ;‘:"d. The Geological Survey is presently mappixig_ 2 iargéfarea of the baéholith, :

thus offering geologic control for aampling and field radiometric-reading localities.
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.The 1nitial- phaée of this smdy censisted of a radiometric and sampling

'. ... traverse across part of the Sierra from the eastern edge of the SanJoaquin

e Valley to Florence Lake. This area 4s referred to hereafter 2s the Huntington

Lake area {see accompanying map).  Onthis traverse field gamma-~radiometric
. ‘veadings were taken, and rock ape‘cimena were collected at selected intervals
in the plutonic units, On return o the laboratory the specimens were arialyzed'

- by using a 100«channel gamma~yay apectrometer. . Thus we were able to obtain :
overall field counting rates as well as the concentrations of U, Th, and K in
the rooko'a.t;vai'ioue locations in the plutons. The concentration values are bésed
L on tho assumption that U an& Th are in radiocactive equilibrium wiéh their decay

. products. By application of the radiogemc heat factors given by Birch[i%é] i, e.

-4 ppm U = 0,73 cal/g-106y
. 4ppm Th= 0.20 cal/g - 10°% y
1% K = 0,27 cal/g - 106 v,

-~

S ,V radioactive-heat-generation values for the specimens were calculated, At selected

" localities samples were taken of weathered as well as fresh material from the

' . same outcrop. in an attempt to establish if hafa:chug caueed an apparent depletion

’»

. of uranium in the weathered materml

INSTRUMENTATION

Our f_iéld 'rad_iometric counting utilizes a ‘3-in. ~diam by 3-in, ~thickthallium-

' aectivated Nal crystal as a detector coupled through a stable pulsé amplifier into a

S precision count-rate-indicator circuit. This portable count~rate instrument is

"deacribed by Goldswofthy {1960] In our laboratory acintxllation spectrometer,

- a x-in, -diam, by 2~in, -thick Naqul) crystal detector provides the input for a

100-channel differential pulsc-height analyser. The crystal detector is located

" “ina low-background environment provided by an 11-by 11- ~by 22-£t serpentine-

| concreto room with 4~-4/2-to 5-ft-thick walls and roof, Resultant 100'-channel



‘ products, and in the potassium assays the ratio K4°/ K
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gamma-ray spectra are operated upon mathematically to yield quantitative
uranium, thorium, and potassium assays. | We assume that ixi the uranium

and thorium assays each element is in equilibriurzi with its respective decay ;

39

is a constant in ;"L -

nature, Field and laboratory equipment and techniques are described indetail |

by the authors in UCRL-10636 (Wollenberg et al.[1963]).

GEOLOGIC SETTING -

The Huntington Lake area referred to in this report and shown on the
accompanying 'map. 4encon'1paases two principal plutons of the Sie‘rra Nevada
- batholith; hornblende-biotite granodiorite of the " Dinkey Creek" type (symbol
Kdc on Table 1) on the western alopes of the range; and the younger, more
‘feisic Mt, Givens granodiorite (Kmg on Table 1), occupying the higher eléva.-
tions from near Hﬁntit_xgton Lake eastward to nearbthe crest of the“Sierra. The -
traverse included a stock of pyroxene quarfz diorite {symbol Kdg) bordering .
~ the valle;r se;iimanta on the western edge of the Sierfa, as well as quartz mon-
- zonite intrusives (Kbv) in the vicinity of Huntington Lake. These plutonic ixnité
f,, are described in detail by Batéman et al.[1963]. In general the Mt. Givens
granodiorite is more felsic than the Dinkey Creek;type granodiorite, which in
turn is more feléic than the pyroxene qﬁartz diorite, Kistler et al. give hornv- :

6y for ithe Dinkey Creek and

blende-based potassium=-argon ages of 91 to 92X 10
86 to 87X 10§y fof the Mt, Givens. No radiometric ages; are available for the
Hquvartz_ moﬁéonﬁte;' it is considered younger fhan the Mt; Givens. The age
- _rélationéhip between the pyroxene quartz diorite and the Dinkey Creek-type
graﬁodiorite is unknown,
RESULTS _
5 f‘ield feadinéa and laboratory results are shown in Table 1. From inspec~-

tion of this table we note a marke.ddi'fference between the overall gamma ... i~
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= radioactivities, the U, Th, and K concentrations, and consequently the radio- - B

| genic heat values'\‘ of the Mt. Givens and Dinkey Créek-type gi::a.nod_ior'ite‘a.' The
- pyroxene quartz diorite is very much lower than both the Mt. Givens and Dinkey .

. Creek in these parameters, Average values are given at the bottomof Table 4. .

-The histograms in Figs. 2 through 4 {llustrate the frequency distributions N

~ of uranium, - thorium, and potaasium-in the samples, and also the grouping of

the various pl-ntonic units according to each radioisotopé. Here we see that the

~ Dinkey Creek granodiorite is generally lower in U, Th, and X than the Mt.
,. Givens granodi"orite. The Dinkey Creek, Mt. Givens, and pyroxenc quartz

- .diorite samplea fall into fairly definite ranges in all three plots. The four qnartz>

’monzonite samples are more scattered; two are in the Dinkey Creek range for

Th while three fall into the Dinkey Creek range for U.

The generally higher activity of the Mt. Givens samples is also illustrated :

| 7 in E‘igs. 5 through 8. Onall graphs the Mt. Givens samples are grouped to-

gether, w1th generany hxgher values than those from the Dinkey Creek Values

| .  for the pyroxene quartz diorite are appreciably lower than those for the: Dinkéy Creek
K :in_all cases, 'I‘he good lineazfity expressed in ehe piot of U plus Thvs laboratory
'A :counting’v }o,;o’(ffig. 5) indicates that combined.‘ theoefisofopes are primarily
j w;".rjesponaible .for :the» r&dioactiﬁtly of the rocks. The weaker ‘l.inea'rii‘:y shown in
_v‘the graph of %K ve laboratory connting rate (Fig. 6) indicates' the subordinate
.A N role K plays in contributing to the rocks’ radxoactivity. As one w‘ouldv suspect,
the plot of U plue Th vs K(Fig. 7) indicatea that the U plua Th/K ratio is fa.u'ly o
o jv,constant especially where values for K exceed 1% . Thus, rocks highin U -

b -and Th are also high in K. Good correla,tion exista between heat values and

the field counting rate (Fig. 8), thh the apparent intercept on the abcissa in-

dicating the average contribution of ﬁssion-product fallout to the field rad:oactivxty

(" 100 counts/sec)

. : .
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The ratio of thorium to uranium does not appear to vary appreciably be-

e e

| tween the Mt. Givgna and Dinkey Creek plutons., The averagé Th/U ratio for
the Dinkey Creek é\amples is 3.24, ranging lfrom 5.58 in fairly‘ vweathered gréno-
vdiorit'e at site 23 to 2.08 in fresh granodiorite at site 24, The Mt. Givens Th/ U .
average is 3.06, with a range from 4.33 in fresh porphyritic granodiorite at aite o
10 to 1, 93 in fresh granodiorite at site 20 near Florence Lake, 2
.There is no indication of an apparent systematic depletion: of uraniurh
from fresh to weathered material, ';al.thoughvone, cannot make a general concluéﬁén |
from these limited data. The combined averagés of tﬁe thorium-~uranium ratio |
'.ére 3.82 for the fresh rock samples, 3.68 for weathered rock., Some dlscrepé.n-
cieg exist between U and {or) Th contenta of weathered and fresh. rock £rom the o
same outcrops; site 3 in porphyritic quartz monzonite {(Kbv), and sites 4 24, |
- and ZZ in Dinkey Creek-type granodiorite are examples. Good agreement is |
; seen in samples .Ifrdm' site 42, a Mt. Givens grﬁnbdibrite outcrop, and from site

4, an oxxtérop of quartz monzonite.

- CONCLUSIONS
- When heat-production figures for the Dinkey Creek and Mt, Givens grano-
- diorites are éox’fxparéd with those given by McDonald (1959) for acid igneous rocka
and granite (see Table 2), it is seen that the Dinkey Creek valuea compare closely

ER - with McDonald's. (McDonald'a values are converted from ergs to calories for

comparative purpoaes in this paper. ) U, Th and total heat values of the Mt,
- Givens granodiorite are nearly twice those of the Dinkey Creek pluton and Mc Donald'

valuea.

. The Mt, Givens gi-a.nodiorite is an extensive pluton, and together with the

e . Half Dome granodio’rite to the' north (with which it may coz-.relaee both lithologically

A and inage as a part of the Tuolumme intrusive aeries)makea up asubstantial part of

vthe Sierra Neva.da Batholith 1f these radioactivities ca.n be extrapola%ed to the entire \" |
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Mt, Givens-Hoii Dome pluton, a large central portion of thé batholith would have |
overall radioactivity, and consequently radiogenic heat coneidorably higher than
o the older plutonic rocks on the western flanks of the Sierra. | '
- Planned further studies ot the radiogeology of the Sierra Nevada granites »
o "‘Jinclude a continuation of the Huntington Lake traverse from Florence Lake east-
4 ward over the creat of the range. Also, a traveree will be made across the |
granit:c units in Yosemxte Natzonal Park Comparison of the Yosemite and Huntmg-
ton Lake data ahould 1nd1cate whethez' any radiometric correlations exist between
‘» the Half Dome and Mt. Givons plutons as well as between the older Yosemite plu-' :
| %tons a.nd the Dinkey Creek granodiorite. With the aid of U. S. Geological Survey,"‘
compa.risons win be made of radioisotope concentrations and the abundance and
‘distribution of accesaory minerals in the plutone encountered in the Huntington
!. Lake, Yosemite, and Florenco Lake traversee. Autoradzographic methods will
| be used to eatablish the accessory minerala responsible for radioactivity. Accb.-
_mulation and evaluation of this information will be an important step toward

| underotandmg the sources and dietribution of radiogenic heat in the batholieh

N ARSI
. i
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Radioactivity and Radiogenic Heat Values of Sierra Nevada _plt:fons; -

e SR

Laght grano:homte
- (ng)

®» - .
Site  Description Fiel% Count- _ Uranium Thorium _ Potassium _ Total He Th/U Laboratory
No. : 5 “3n, ate, i1 cal g-iO - Counting Rate,
_ cotnts sec . ppm Er);oz. ppm E:.'xj,m‘I % Errm't ' counts/min-g
A Pyroxene quartz 200 -~ 0.93 =0, 15 1,66 0.23 ~ 0.64 20,02 .2 ;-1.'79' oo, 30
. diorite (Kdg)} o T T A o AR
27 Pyroxene quartz 135 - 0,37 v:tO 18 0 55 %0,27 0,27 0,02 0.4 . i 49 T 0 12'
‘ . diorite {Kdg) L I T
4 . Weathered grano- 3.7 :ﬂ:O 36 9.93 0,53 - 4.96 £0.05 = 5.3 2, 63 e ‘1.29
‘ diorite (ch) SRR T S ST S . o i
4 Fresh grano- 2,99 £0.43 13‘.2. £0.63 . 1.92 20,05 5.3 4,40 1.35
- diorite (Kdc) S ' Cs S : ' : . :
st Granodxonte (ch) 440 o ‘ 7 T ‘ L
24 Weathered grano- | 447 *o 29 u 3 £0.43 1.63 £0.04 . 57 - 274 14,36
chonte( dc) 680 S - e . L S Lo SRR e
‘24 Freshgramo- | . 437 *044 9.os ‘20,69  1.74 +0,05 5.5 2,08~ 1,25 .
. diorite (Kdc) A - ' _ S : - ~ _ SRR
- 22 - Weathered grano~ | 4,30 iO 43 19.9 +£0,33  2.64 *0.05 7.8 4.63 1.98
. diorite {Kdc) ) g 780 ' ' - E B
22 Fresh grano- ' - 6.45 &0 51 14 Z 0,74 2,26 %0,07 8.1 2,24 1.90 .
_ ‘ diorite (Kdc) . L . ‘ o D R o
23 . Weathered grano- 630 2.47. :!:0.26 13.8 0,39 2,28 0,03 5.2 5.58 1.38
- diorite (Kdc) ‘ S e o . '
247 Gramodiorite (Kde) 600 e C T
25  Foliated grano- ~ 250 4,72 #0.21 4,90 %0,30 1.40 £0.03 2.7 2.84 0,69
diorite (Kdc) , e _ : . Lo
26 Biotite grano- 380 2,25 +0.22 7.69 £0.33 141.93 2£0.03 3.6 3.42 0.98 -
. diorite (Kdc) U s - o B |
2.  Biotite-hornblende 980 =~ '7.04 %0,5524.0 0,74 2,78 x0.07 . 10.7-  ~ 3.40 - 2,56
granodiorite {Kkp) ' o -‘ ' o SR S _
67 Granodiorite (Kkp) 800
7' Granodiorite (Kkp) = 780
gt 950 :

oreRs-THDN

- N . Lt
S

K cheny
Do

Pt 2

R

m
? v L WY
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" Table 1 (continued).

'Site’  Description Field Count- Uranium  Thorium-- Potassium Total Heat Th/U Laboratory
" No. - . ing Rate . _ - . ‘cal/g-10"y Counting Rate,
; counts/sec ppm Error ppm Error % Error - counts/min- g
9 Gramodiorite (Kmg) 1000  6.46 +0.44 26.6 +£0.65 2.96 £0.06 0.8 442 264
10 Porphyritic grano- - 800 4, 71 +0,54 20.4 20.76 2.95 £0.07 8.3 4.33 2,42
¥ diorite (Kmg) C L e S , S : ' SR
€1’ Granodiorite (Kmg) . 750 e T AP i
42 weathered‘ grano- .|~ '8.05 0,54 24.2 20,79 2.983 20.07 44.5 3.01 2,72
iz ‘Fresh granodzonﬁe 3 8.18 0,55 29.6 x0.82 3,05 *0,07 42.8 3.62 3.04
13t Grano&qrite (Kmg) . 880
147' Hornblende -f"g’rano-’ 880 - S _ S ‘ , ' L
15 Mafic ("dark') grano- 850 9.48 20,57 24.3° %0.82 2.46 20,08 12.5  2.56 2.82
. 3 diorite (Kmg) R R A S A Pt
16' Granodiorite (Kmg) 900 - - LR e _ o
17 Granodiorite (Kmg) 900  7.77 20,59 24.3 %0.87 2.86 20.08 40.8 2,74 S 2.52
- 18¥ Granodiorite (Kmg) | 880 B S P | | L
‘ i?? Granodiorite {Kmg) " 880 S T e T e e T e . v SRR
20 Granodiorite (Kmg) 1030 - . 8,59 #0.56 6.6 0.83 2,57 £0.07 10.3  1.93 2.34 o
1 Weathered biotite- \ - 3,24 20.49 13.57 =0.68 2.37 20,07 5.7 4.18 .48
" quartz monzonite (Kbv} | 400 T T . T S | o
1 Fresh biotite quartz . 2.72 +0,36 12.52 +0.48 2.39 +005 5.4 4.60 - 4,36
monzonite {Kbv) . . SRS S Lo . - o
3 Weathered porphyritic ) 9.30 20.53 28.3 =20.79 3.16 £0.07 i3.4 3.04 3.00
' quartz monzonite {(Kbv) $ - e I , - - ‘
3  Fresh porphyritic quarﬁzj 4,06 ==0.57 24.5 +0.85 3.17, :kO 08 8.8 6.04 2,28
: mom;omte (E&bv) ' : : W - , R S

i e

g i

01ZyI-Tudn - -
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"+ Table 1 (continued).

' Description

l?‘zeld Count-
ing Rate,

Uranium

Thorium

"Potassium

" Total He

cal/g-10

Uy

counts/sec

Avérége Values

ke Grosk | 4

granodzonte (Kde)

Mt. Givens grano_-' 890

- diorite (Kmng)

'Pyroxene quartz : 470

R _dmrite (Kdg)

............

”'gpm' Error

’ w o

S 3,95 w012
| 7.61 20.20

T 0,65 20.42

;;prh Error

12.8  £0.22..

233 20.30

1,10 0,18

% Error

R

2.05 £0.02

2.83 20,03

0.45 +0.04

6.0
11.0

0.8

3.24

. 3.06

2.44

- : —
See location map, Fig. 4.

-, ? No: Speczmen taken

¥ The U and “Th values are based on New Brunswzck Laboratory, U 5.A.E, C standard samples ’
whose stated accuracy is within 1%.

The X standard is chemically pure KCi.
_tlus table are cnly those due to the staﬁxstlcal nature of our gamma-ray spectrometer data

The errors hsted in

Ceppe o
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. Granites . . . -
- (after McDonald)

i

Rock type . .

Acidic igneous rocks
~ (after McDonald)

Dinkey Creek granodiorite

 Mt. Givens granodiorite

 Table 2, Heat Production in cal/g - 108 y

TR e
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229
5.6

2.0

2.6 -

2.6

0.9
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Kbv. - Biotite quartz monzonite
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This report was prepared as an account of Government

sponsored work. Neither the United States, nor the Com-
mission, nor any. person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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