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Ra~ioactivity and Radiogenic Heat· 

. in Sle r r a Nevada Plutons·:~:": 

Harold A. Wollenberg and Alan R. Smith . 

. · .. Lawrence Radiation Laboratory 
University of California . 

Berkeley. California 

January 17, 1964 

ABSTRACT 

'. ,_··. 

A radiometric traverse was made across g-ranit~c rocks in the Huntington 
' 

Lake area of the Sierra Nevada. California. Field gamma-ray counting rates 

· were recordecl, and samples were taken and subsequently evaluated in the · 

laboratory for u. Th, and K content by gamma-ray spectrographic analyses. 

· These concentrations were converted to heat-generation values, using the 
. . 

.. ~-- ; 

··--·- ·factors given by Birch:· 1 ppm U = 0.73 cal/g- i~, i ppm Th=0.20 cal/g- to6y, 

,.• 

- . 6 . . ! . 
:; t "o K = 0.27 cal/g- iO y. Three principal plutons were sampled: a stock of 

.. pyroxene quartz diorite on the western border of the Sierra, hornblende-biotite 

granodiorite of the "Dinkey Creek" type on the western slo,Pe of the range, and 
; 

the Mt •. Givens granodiorite occupying the higher elevations east of Huntington 

· Lake. Laboratory results indicate that the Mt. Givens granodiorite averages 

· nearly twice the U and Th content and. therefore, ·nearly twice the radiogenic 

.heat production of Dinkey Creek-type granodiorite; the pyroxene quartz diorite 

· is quite low in raclioisotop$ content,. and consequently heat production, compared 

to the Mt. Givens and· Dinkey Creek plutons. Average values are given below. 

No. of u Th 
·.-' •. < 

sam;eles . (!m) <~em> 
K Total hee:t · 

(o/o) · (clll/8·10 )!) 
Mt. Givens granodiorite 7 7.6d!o.zo 23. :!;0.30 2.83:0.03 .. B .• ::t:O.ii. 

. I 
•., -;.·. ' 

.. ·. Dinkey Creek-type 
·., 

, , · · granodiorite 
· 'I .. Pyroxene quartz . diorite 

9 3. 95::0.12 iZ.8:t:0.2Z Z.OS:t:O.OZ 6.0:!::0.14 .. 
·,. I 

. :' . 2. · .··•· O. 65::t:O. iZ · 1. t:to. ts 0.45±0.01 0.8±0. 13 
I.·. 
I 

:, :'' 
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The ratio of thorium to uranium does not vary appreciably ~tween the 

Mt. Givens and .Qinkey Creek plutons, averaging 3.24 in the Dinkey Creek 
. ' I 
\ 

and 3.06 in the Mt. Ciivens. It the radioactivity of the Mt. Givens grano-

diorite can be considered to be typical of the younger granitic rocks of the 

Sierra Nevada, and that of the Dinkey Creek-type granodiorite typical of the 

older plutonic rocks, a large central portion of the batholith may have con-· 

aiderably higher radioactivity and radiogenic heat production than the older 

rocks on the western flaDl~ of the Sierra. 

; ' 
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INTRODUCTION 
\ 

A knowledg~ o£ the abundance· and distribution of natura:l radioactivity in " 

rocks is necessary to properly evaluate the amount of heat g~nerated in the , , 

earth. Jacobs et ~· ( 1959] state that '*It is practically cert~n that of the ob- ': 

served heat flow no more than 20 percent ca.n come from the original heat of the: 

earth: the rest must be due to the radioactivity-of the rocl<.s." Yet. ocean-floor 

measurements have shown that the ai!erage heat flow above the relatively thin, 

basaltic sub-oceanic ·crust is quite simUar to that measured on the continents. 

To explain this·it has been suggested (Verhoogen[1956]) that conduction is not 

the dominant process of heat transfer in the earth: convection may play an : 

. important' role. Also, the necessity has arisen for a better understanding o£ 

the distribution of radioactivity in continental areas, because the assumed distri• . 

butions of radioactive matter may need to be revised. Therefore, it is evide.pt 

. tha.t an evaluation ~f the dist~ibution of isotopes responsible for rock radio- J 
;.; 

~ . . . 

activ1ty--uranium•Z38, thorium-Z3Z, their decay products, and potassium-49--is 
. . ~ 

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

·. The authors with the cooperation of members o£ the U. s. Geological Survey 

. have undertaken a study of the gamma radioactivity- of the granitic rocks of the 

Sierra Nevada batholith, using gamma-ray spectrographic-analysis tech."liques 

employed at the Health 'Physics Department, Lawrence Radiation Labo1·atory, 

· · Ber~ley. In this study we shall attempt t~ establish the distribution in uranium, 

thorium, and potassium in. several of the batholith's plutonic units as well as the 

.. :.amount.ofheat generated by radioactivity in each unit. 

~ ' . -: . The reasons for choosing the Sierra. Nevada follow: 

•· :- l ,, 

a. The batholith represents a ~rge volume of.fairly homogeneous material; 

b. Uranium, thorium, and potassium are in good abundance in granitic rocks: 

. c. Surface exposures are good, especially in the glaciated higher elevations• 

--··d. The Geological Survey is presently mapping a large area of the batholith, 

thus o!fering geologic control for sampUng and field radiometric-reading localities. 
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.. The initial phase o£ thls &t\ld;r consisted of a radiometric and sampling 

traverEJG across part of the Sierra !rom the. eastern edge o£ the San Joaquin 

Valley to Florence. Lake.· This area is :referred to hereafter as tqe Huntington 

Lake area (see accompanying map).· On·this traverse field gamma. ... radiometric 
·'' 

·' ! 

:. 1·· .. ·readings ·Were taken. :and rock specimens were collected at selected intervals 

·in the .plutonic units.. On return to the. laboratory the specimens were analyzed 

by using a iOO~channel gamma. .. ray spectrometer •.. Thus we were able to obtain 

;overall field counting rates as well as the concentrations of U, Th, and K in 

. ; ~: · the rocks at, vaiious locations in the plutons. The concentration values are based 

:_ · on the assumption that U and Th are in radioactive equilibrium with their decay 
' 

I 

. products •. By app~cation o£ the radiogenic heat factors given by Birch [ i 954], i.e. 

:, i ppm U = 0.73 cal/g. 106 y 

. ~- -..... 
i ppm Th:: o.zo cal/g .. 106 y 

6 . 
1. 'l'o K = 0.21 cal/g .. 1Q y., 

:radioactive•hea.t .. generation values fo:r.the specimens were calculated. At selected 

' localities samples were taken o£ weathered as well as fresh material from the 

· same outcrop, in an attempt to establish i£ l~JCi;chit:g ca.ueed an apparent depletion 

of uranium in the weathered material •. 

INSTRUMENTATION 

Our field radiometric counting utilizes a 3-in. -diam by 3-in. -thick thallium­

activated Nal 'crystal as a detector coupled through a stable pulse amplifier into a 

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

·described by Goldswo.l'thy {i960J., In our laboratory scintillation spectrometer. 

a 4-ine -diam. by Z~in. -thick Nal(T U crystal detector provides the input for a 

iOO-channel differential pulse-height analyser. The crystal detector is located 

··. in a low-background environment provided by an ii-by ii·by zz.;ft serpentine· 

c~ncrete room with 4-i/2-to S•ft·thick walls and roof. Resultant iOOi-channel . 
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gamma-ray spectra a1·e operated upon mathematically to yield quantitative 

uranium, thorium, and potassium assays. We assume that in the uranium 

and thorium. assays each ele1nent is in equilibrium with its respective decay 

products, and in the potassium assays the ratio K40 
/K39 is a ·constant in 

nature• Field and laboratory equipment and techniques are described indetai~ 

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 inap encompasses two principal plutons of the $ierra Nevada 

batholith; hornblende-biotite granodiorite of the "Dinkey Creek" type (symbol 

Kdc on Table'i) on the western slopes of the range, and the younger, more 

·felsic Mt. Oivens granodiorite (Kmg on Table 1), occupying the higher eleva­

tions from near Huntington Lake eastward to near the crest of the Sierra. The· 

traverse included a stock.of pyroxene quartz diorite (symbol Kdg) bordering 

the valley sediments on the western edge of the Sierra, as well as quartz mon• 

zonite intrusives (Kbv) in the vicinity of Huntington Lake. These plutonic units 

are described in detail by Bateman et al. [ 1963]. In general the Mt. Givens 

granodiorite is more felsic than the Dinkey Creek-type granodiorite, which in 

turn is more felsic than the pyroxene quartz diorite. Kistler et al. give horn­

blende-based potassium•argon ages of 91 to 9ZX106 y for ,the Dinkey Creek and 

86 to 87X 106y for the Mt. Givens. No radiometric agesi are available for the 

quartz monzonite; it is considered younger than the Mt. Givens. The age 

relationship between the pyroxene quartz diorite and the Dinkey Creek-type 

granodiorite .is unknown. 

RESULTS 

· Field readings and laboratory results are shown in Table 1. From inspec­

tion of this table we note a marked difference between the overall gamma . · .... ·· 
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radioactivities, the (], Th, and K concentrations, and consequently the radio­

genic heat values: of the Mt. Givens and Dinkey Creek-type granodiorites. 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 bottom of Table 1 • 

-The histograms in Figs. 2 through 4 illustrate the frequency distri butioiu~ 

of uranium, thorium, and potassium in the samples, and also th~ grouping of 

the various plutonic units according to each radioisotope. Here we se~ that the 

Dinkey Creek granodiorite is generally lower in U, Th, and K than the Mt. · 

Givens granodiorite. The Dinkey Creek, Mt. Givens, and pyroxene quartz 
. I 

diorite samples fall into fairly definite ranges in all three plots. The four quartz 

· monzon~t~. s~ple~ are more scattered; two are. in the Dinkey Creek range ~or 

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

: ' . ' ~ • 'j ' 

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

bi Figs. 5 through 8. On aU graphs the Mt. Givens samples are grouped to­

gether, with generally higher values than those from the Dinkey Creek. Values 

., ' .. '\.·: 

for the pyroxene quartz diorite are appreciably lower than those for thexBi*e.y.C.ieek 

·.in all cases •.. The good linearity expressed in the plot of U plus Th vs laboratory 

counting rate' (Fig. 5) indicates that combined, these isotopes are primarily 
' 

.. responsible !or the radioactivity o£ the rocks. The weaker linea:i::ity shown in 
• • : • 1 • ~ ' 

f"· . ,_the graph of o/oK va laboratory c~unt~ng rate (Fig. 6) in~cates the subordinate 

·.· .. 

..... · 

role. K plays in contributing t~ the rock&' radioactivity. As one would suspect, 
. . . ' ' . 

,·>~the plot o_f (] plus Th vs K(Fig. 7) indicates that .the (] plus Th/K ratio is fairly 
J~ ; ;_ . • ' • ' -

.... 

and Th are also high in K. Good correlation exists between heat values and 

the field counting rate (Fig •. 8), with the apparent intercept on the abcissa in­

dicating the average contribution of fission-product fallout to the field radioactivity 

(- 100 counts/ see)~ 
. '" J ~ .·:.. .. 7 .. " . . . ' ~· r I • 
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The ratio of thorium to uranium does not appear to vary appreciably be· 
i 

tween the Mt. Ciivens and .Dinkey Creek plutons. The average, Th/U ratio for 

the Dinkey Creek s
1
amples is 3.24, ranging from 5.58 in fairly weathered grano­

diorite _at site Z3 to z.oa in fresh granodiorite at site Zi. Th~ Mt. Cilvens Th/~··' 

average is 3.06~ with a range from 4.33 in fresh porphyritic granodiorite at site 

10 to 1. 93 in fresh granodiorite at site 20 near Florence Lake • 

. There is no indication o£ an apparent systematic depletion= of uranium 

from fresh to weathered material, .althoughone cannot make a. general conclusion 

from these limited· data. The combined averages of the thorium-uranium ratlp 

· are 3.82 for the fresh roclt samples, 3.68 for weathered rock. Some discreprb-
( 

ciea exist between U and (or) Th contents of weathered and fresh. rock frorq. the 
. . I 

same outcrops~ site 3 in porphyritic quartz monzonite (Kbv), and sites 4,_ Zi, 

and 22 in Dinkey Creek-type granodiorite are examples. Oood agreement is 

seen in samples from site iZ, a Mt. Givens gr~odiorite outcrop, and £rom site 

i, an outcrop of quartz monzonite. 

CONCLUSIONS 

When heat-production figures for the Dinkey Creek and Mt. Ciivens grano­

diorites are compared with those. given by McDonald ( 1959) for acid igneous rocks 

and granite (se~ Table 2.),it is seen that the Dinkey Creek values compare closely 

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

comparative purposes in this paper.) U, Th1 and total heat values of the Mt. 

Givens granodiorite are nearly twice· those of .the Dinkey Creek pluton and Me Donald's - . 

values. 

The Mt. Givens granodiorite is an extensive pluton, and together \vith the 

· ''~ . , . Half Dome granodiorite to the north (with wh~cb it may cor.relate both lithologically 

·. / 

and in age as a part of the Tuolumme intrusive seriea)makes up asubeitantialpartof 

the Sierra Nevada Batholith. If these radioactivities can be extrapol~ted to the entire .. 

.: . 
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Mt. Givens-Half Dome pluton. a large central portion of the batholith would have 

overall radioactivity, and consequently radiogenic heat, considerably higher than 

the older plutonic rocks on the wee:te1·n flanks of the Sierra. 
" ~ '1 ~. l • ' ' 

· Pl~d further studies of ~he radlogeology of the Sierra Nevada granites 
•. ': J ~ 

' ' . ' ' 

include a continuation of the Huntington Lake traverse from Florence Lal<:e east-

ward ove'r the crest of the range. . Also, a travers.e will be made acro~s the 
' \ ; . ,:. ~ ,I , ' , . 

granit:ic units in .Yosemite National Park. ·Comparison of the Yosemite and Hunting-

ton Lake data should bidicate whether any radiometric correlations exist between 
. ~ . . , 

' . 
the Hal£ Dome and Mt. Givens plutons a$ well as between the older. Yosemite plu- · 

';' 

. tons and the Dinkey Cr~ek granodiorite. With the aid of U. s. Geological Survey, ' 
,.. i' 

comparisons will be made of radioisotope concentrations and the abundance and 

distribution of accessory minerals in the plutons encountered in the Huntington 
. ; . : . 

Lake, Yosemite, and Florence Lake traverses. Autoradiographic methods will 

be used to establish the accessory minerals responsible for radioactivity. Accu­

. mulation ·-and 'evaluation of this information wUl be an important step toward 

·understanding the sources and distribution o£ radiogenic heat in the batholith. 
,: I::;:_ .. i·, 

I 
I 

., . . '·~ .• j ~ i 

I t ' • ·~ 
! 
I , 

.; / .. :. ' ~;;; . .' .. ·. 

; :: . ~ . ·.,;·. 

~, . ' : :· -~ I . ' . ~ . 

. . '.• 

~. 
·- .. ' 

-~ .. · ... 

'1 . 

. ~ ' '· .·· / . 
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·Table 1 (continued). ,. ·-

$ 
Description Field Count- ·Th/U Site Uraniwn Thorium---- Potassium Total Hest Laboratory 

·No. ingRate cal/g-10 y Counting Rate, 
counts/sec ~Error ppm Error .5.2_ Error · counts/ min-g 

9 Granodiorite (Kmg) 1000 6.46 :!:0.44 26.6 :l: 0.65 2.96 :t:0.06 10.8 4.12 2.64 

10. Porphyritic 'grcmo- . 800 4.71 " 20.4 :0.51 :1: o. 76 2.95 :1:0.07 • 8.3 4.33 2.1_2 
diorite (Kmg) 

.. 
·ut G'J'anodiorite (l<mg) 750 ~:{:.# 

·}·_·~ 

12 Weathered :.grana- 1 8.05 :i:0~54 24.2 :l: o. 79 2..98 :1:0.07 11.5 3.01 2.72 
cliorite (Krng) 850 8. i8 1.! _ ~resh 'granodiorite J :!:0. 55 29.6 :1:0.82 3.05 ±0.07 12.8 3.62 3.04 
(Kmg) 

i3t Granodiorite (Kmg) 880 . ' . 
i4t 

..... . ' 

Hornblende :grano- 880 --
diorite (Kmg) •• 

1s- :t~O. 82.- :1: o.os 2.82 
~ . -~ .... 

.Mafic ("dark") grano- - 850 9.48 %0.57 24.3. Z.46 12.5 2.56 !;'-;, Q 

dioiite (Kmg) 
.•. l 

16t Granodiorite (Kmg) 900 .:t. 

.17 Granodiorite (Kmg) 900 7.77 :t0. 59 li~3 :i: 0.87 l.86 %0.08 10.8 2.74 z.sz. 
iS t·. Granodiorite_ U-<mg) 880 •. . -~: 

i9t .Granodiorite {Kmg) · 880 
. 

., 

20 Granodiorite {Kmg} .1030 8.59. ±0.56 i6.6 :i: 0.83 2.57 :f: 0.07 10.3 1.93 2.34 

i Weathered biotite- } 3.24 *0.49 13.57 :t 0.68 7..37 :1:0.07 5.7 4.i8 1.48 
quartz -.monzonite (Kbv) · 480 

-.-- '"¥'•"•-

i Fresh biotite quartz . z. 7Z ±0.36 12.52 :i: 0.48 2.39 :l: 0.05 5.1 4.60 1.36 c: 
monzonite (Kbv) 0 

l7.1 
3 \\leathered po1·phyritic 1 9.30 ~0.53 28.3 :0.79 3.16 :t 0.07 13.4 3.04 3.00 t"" 

c1uartz monzonite (Kbv) ~SSO • ~ 
3 Fresh porphyritic qua:rtj 4.06 ±0.57 24.5 :i: 0.85 3.17 ±0.08 8.8 6.04 2.28 ..... 

N 
. monzonite (Kbv) . ..... _, 0 

. !' .• . ~ ' ,-
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r .. Table t (continued). 

· Description 

Average Values 

Dinkey. Creek 
granodiorite (Kdc) 

Mt. Givens grano­
diorite (Kmg) 

Pyroxene quartz 
diorite (Kdg) 

Field Count.:. 
ing Rate, 
counts/sec 

540 

890 

170 

Uraniwn 

· pptn Error 
. ;~ ' 

'-: 
··' . 

. ~- .. 
',. ~ •.· . ,. . 

. 3.95 20 •. 12 

7.6i . :1:0.20 

0.65 :1:0.12 

. · ... :.. ·. ~ · ... •.} 

- ' ...... -· 
~..... ~ ~- ........... 

.~·· 

* See location map, Fig. i. 
-- - - .. -···--- ---- ~~-... 

t No Specimen taken. 

Thorium· 

ppm Error 

:12.8 :1: 0~22. 

23.3 :1:0.30 

1.10 :f; o. i8 

·. 

·•:: 

·Potassium 

o/o Error 

. 2.05 :1:0.02 

2.83 :1: 0.03 

0.45 :t:O.Oi 

Total Hee!}t 
cal/g-100, 

6.0 

11.0 

0.8 

·~ . 

Th/U 

3.24 

3.06 

2.44 

' ..... ·~ .. 

; 

t The U and ·. Th values are based on New Brunswick Laboratory, U. S. A. E. C. standard samples . 
whose stated accuracy is within io/o. The K standard is chemically pure KCi. The errors listed in 
this table are only those due to the statistical nature of our ga.rr.una-ray spectrometer data. · 
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Table 2. Heat Production in cal/g - 106 y 

i • • ' 

Rock type 

Granites 

. (after Mc~nald) 

Acidic igneous rocks 

(after Me Donald) 

Dinkey Creek granodiorite 

Mt. Givens gr~odiorite 

' :·, .. 
,• •'·'. 

;' ._ .. :-,· 

'' !.,·. i· 

. ,· :· ;; .. · 

.. · . 

. ;. ' 

··4 : 

'., 

' '· '.' 

.• ~ .. '. 

/ '. '' 

!· 

' ~-- . ' 

'' 2.9 

3.0 

2.9 

5.6 

\. ~ . -\. 

.. · ... 

•' . ., 

. ... '\-' 

·. ' .. 

2.0' ', 

2.6 

2.6 

4.7 

0.8 

0.9 

0.6 

0.8 

. ' . "I 

. 't 

Total 

•' 5. 7 

6.5 

6.1 

11. i 
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FiGURE. LEGENDS 

Fig. 1. ·.Location map of the Huntington Lake area, showing site numbers 
i 

(geology after Bateman et al. [ i 963] • 

·Fig. Z~ · Frequency distribution o£ uraniu;n in the samples. 

.·Fig. 3. ·.'Frequency distribution o£ thorium in the samples. 

Fig. 4. Frequency distribution of potassium in the s~mples. 

... ' 

Fig. ·s. Combined thorium and uranium concentration versus laboratory 

c~unting rate. 

Fig. · 6. · Potassium concentration versus laboratory counting rate. 

Fig.· 7 .•. ·Radiogenic heat versus field counting rate. 

Fig. 8. Combined thorium and uranium versus potassium concentration. '/ 
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Explanation 

· Kbv Biotite qu.aru monzonite 

Km& ..; Mt. Cii.vens granod.lorite 

: ~, r 

Kdc: • Di~key C_rcek biotite granOdiorite 

Khl ... Huntington Lake pluton 

K4& • 'Pyroxene (lu.art& diorite 

iltms• Meta!lledimezi.tary rock9 

CD - Samples of weathered and Cresh rock 

0 • Sample of h_esh _rock only 

• • fla:~iometric rcadin& only 

!Cdc 

. ~.'. 

13 
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Fig. 1 MUB·HSS 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor ahy 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 

B. 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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