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Radiogenic Heat Contribution to Heat Flow from Pqtassium, Uranium, Thorium
in the Precambriag Silicic Rock§ of the Florida Mountains and the Zuni
Mountains, New Mexico

by

Douglés G. ‘Brookins, Department of Geology, Univ. of New Mexico

High'heat flow (2.0-2.5 HFU) has been reﬁorted by Reiter et al. (1975)
for an»area‘of the Zﬁni ﬁountains, NM. LaughlinAénd West (l97§3 have -
suggested that é buried felsic pluton may account for this high hea; flow
and, further, urge consideration of the area for hot dry rock geothermal:

exploration., U, K, Th data for sixty samples of Precambrian silicic rocks

from oufcrop and from shallow drill holes, representative of all major rock

types,-yield radiogenic heat contribution values from 2.72 to 11.25
ucal/g-yr (X = 7.23 ucal/g-yr). The mean is significantly highér than the
continental crust radiogenic heat average value (4.5 ucal/g—yr) and higher
than the ﬁean for some 60 granitic rocks from thé western U.S. répqrted by
Tilling and Gotffried (1969; wéighted mean 6.5'ucal/g—yr) although higher
(X_= 8 ucal/g-yr) values héve been reported for some granitic rocks. Th/U
ratios yield a mean of 4.55 and the mean U content is 3.75 ppm. There is
no evidence frém surfaceior shallow arill hole sémples of widespread K,

U or Thvredistribution. The importénce of the K, U; Th data is that the

radiogenic heat contribution may be significant to the high heat flow -

reported unless it can be demonstrated that the Zuni Precambrian silicic

rocks do not persist to significant depth-or{that K, U, or Th values diminish -

with depth; gravity surveys and deep drilling are needed to resolve these

problens,
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The K, U, Th data for the Florida Mountains yield a range in radiogenic
heat generation from 2.92‘to 13.88 ucal/yr (mean: 5.46 ucal/yr) for 32
samples. These rocks are somewhat aﬁomalous as the syenitic rocks contain.
less U than graﬁitic rocks,,hence the ﬁeaﬁ radioggnic heat value may be
too low as a somewhat disproportionately high number Qf syenites relative
to granites were sampled; Regional heat flow near the Floridas is highér

than in the Floridas proper but this discrepancy cannot be explained at

present.
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:Radiégenic Heat Production and Heat Flow in ;hé Floridé Mohntains,vﬁM

Heat flow in the Florida Mountains i; less wgli‘defined than.th;t in the
Zuni Mountains. Further, the geologic history of the Florida Mountains ié
not well known. ‘Part of_the‘uncertainty lies in thé rélationsﬁip.of vafious-
rocks studied by Coxrbitt (1974}, Cotbitt.and Woodward (1974) and Brookins (1974)..
Rb-Sr ages (Brookins, ibid.) confirm the présence of Précambrian.granitié*
rocks south of the Cordilleran Thrust Belt which bisects the Florida Mountains
(Corbitt gnd Woédward, 1974) but Rb-Sr and K—Ar ages n&rtﬁ of this thrust
coupled with recent petrographic study indicate a complex ﬁaétern of Precambrian
rocks with either midj to early-Paleozoic syenitic rééks of_else an even mofe‘
complex scenario involving Paleo;oic-re—setting of Precaﬁbrian isotopics or
possibly mixing of Mesozoic rocks with re-worked Pﬁecambrian materiél. None
of these (and’other),possibilities can be preciudea<at pfésent ana more field
;nd laboratdry work-are needed. |

It is not surprising, thus, to note from Table Two a range-in heat
generatibn ﬁalues from 2.92 ucal/g yr to 13.88 ucal/g yr with a ﬁean»of
5.46 ucal/g yr for 32 samples. Brookins et al. (1978) rééort a mean U
content of 3.12'ppm for 90 samples and a mean Th/U ratio of 3.97 for 66
samples. The mean Th content for 66 samples is 12.23tppm which is significantly
lower than the 17;53 ppm Th for 25 Zuni Mountainsl§émpies. Since the»Florida .
Mountains contain more focks with syenitic affinities higgér Th conteﬁt wéuld
be expected; further,'éppréciabiy higher;Th/U wouldﬂaigo bé exéeétéd. This'

informetion coupled with the coﬁplex geochronology pattern may argue for




‘mixing of Th and U depleted rocks to account for both‘the presence of.the
syenites and low Th and U.

The Florida Mountains oécur in an area of high heat flow at about the
longiiude dividing the higﬁ heat flow region west éf thé Riq.Grande Rift to
that marking the probable start of true basin and range structure. The heat
flow map of Reiter et al. (1975) places the Florida Mountains thus in a
broad area of about 2.0 - 2.5 HFU (Note: One anomalously high value of
9.7 HFU is reported by Reiter et al., 19?5; from north ofvthe Florida
Mouﬁtains.. No other values in south-central New Mexico near the Mexican
.Border'are above 2.6, however.). Geophysical”dataifor'the Florida Mountains
are too meager to warrapt.extenSiye»discussion and the areal extent of the
Fiorida Mountains is also restricted. Ihé possibie heat contribution from-
K, Th anq U to the regional heat flow from the alkalic and silicic rocks of
‘the Florida Mountains is thus.interpreted7to be much lower than in.the Zuni
Moﬁntains. This conclusiﬁn is reached by‘noting that approximately halfAthe
‘mountain taﬁge is due to é&erthrustingAthus indicating lack of persistence .
’of'these rocks to depth‘and_no good déta tovsuggést“fhat'the rocks north
of the thrust persist to'depth either.

| The data:for the Florida Mountains.may be used with éaution tolsuggest
that if the.rocgs can indeed be demonstrated to continue to depth, to be
fightly sealed, and to meet other criteria, they may be suitable for DHR..

experimentation/exploitation.

Radioabti&e Heét Contribution to High Heat Flow in the Zuni Mountains

| 'The Zuni-MoﬁntainssareAlocated in ;hat part of the Zuni Uplift fo% which
high heat flow (2.0 - 2.5 and.higher HFU) has been determined.(ReiterAet al.;
1975)f Laughliﬁ and West (1975) have suggestéd that théApresenCe of a buried

felsic pluton may account for this high heat flow and, further, have‘proposed
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coﬁsideration of the high heat flow area for possible dry ﬁot rock (DHR)
geothermal study. _Ihis propdééd DHR study is brOposed in part because of
the projected enérgy needs of ﬁhe.Grants, NM, area due to acceiérated
growth in population in»turn due to increased uranium mining and milliﬁg
north of Grants ip the Grants Mineral Belt.

The_highnheat flow in the vicinity of the Zuni Mountains is attribhled
to two'regional sﬁurces;’jHigﬁ heat flow is noted west of the Rio Grande ﬁift\
—and is presumably due to magmatic sources in the uépe; mantle assééiated \
with the ‘depression (Reiter et al.,‘l975). Another less well defined zone .
of high heat flow occurs in a northeasterly trend from mldway alng the
Arizona-New Mexico border to the Zﬁni Mountaiuns; mést of the Zuni Mountains
are in this latter highiHFU’area, Evidence for aﬂove normal heat flow in
the Zuni Mountains is also reéorded by the preéence of ﬁydrothermal minerali-
zation, igneous dikes;.and mantle~derived inclusion$ in mafic igneous rocks.
Laughlin and West (1975) have disqﬁsséd these geologic aiguments for above
normal heat flow in more detail.

The Zuni Mountains héve been considered as a éossible sourée for uraniﬁm
for some or much (?) of thérdepOSits in.the-Grants Minerai.Belt and Brookins
énd Rautman (umgﬁ).have addressed this problem in ﬁdﬁjuncti§n with other
total uranium budget, etc. Their data éilow évaluation.of the radioactive
elements of the Zuni Mountains (1 e., K, Th U) in terms of contrlbutlng

2 S¢A4e~ce
to the proposed DHR study is obvious. If. the hlgh hoat flow is due to a hlgh
abundance of X, ThP,U then one must c0331der any DHR study in terms of a
finite heat reservoir;‘alternately; if the :adiqéctive elements contribuée
only a smali amount of the totai heatlthen the hiéh‘heat flow is due to lower

crustal or mantle sources and, therefore, an infinite heat reservoir. This

will be elabroated on below.



Radiogenic heat production.from X, Th and U can be estimated by Birch's

<l954) esﬁimate of heat generation from these elements: 1 ppm Th = 0.20"
microéalories per gram per year (ucai/g yr); 1 ppm U ='0.73,uca1/g yrs
1 percent K =-0.27-QCal/g yr:. 1If K, Th and U data ére aQailableAfdr each
sample then the heat generation calculations are rigorous. If 6nly U (usually
as eU from gamma counting) contents afe known, appro#imate heat generation |
estimates can be made by éssuming Th/U = 4.0 an& estimating total K by‘v
;petrogr#phic examination. While tﬁis_approach:haé been used by numefous
investigatérs (See discussipn'in Birch et al., 1968) it will not be used
‘here as the_diversity of_rock types, ﬁncértainties in petrographic estimates
of K.content‘(i.e., due to weathering, etc;:), and othe# factors (i.e;,.wide
range-in Th/U due presumably to erratic U distribution from sample to s;mplé)
would almost certainly intfoduce large errors. /for these reasons'heat-budgetv‘”
will be given only for those samples for which'chemic;;‘analyses of K,'Th
“and U are ;vailable.
Standard chemical techniques were:employéd for X, Th and U determinations.
K was determined by x-ray fluorescence spectrogfaphy at the New Mexico
. Institute of Mining and Technology and Th and U by delayed neutron activation,
analysis (DNAA) at the Los Alémos Scientific.Laboratory. Thé'K data are
érecise to + 1 percent (one sigma) and therTh and U data to + 5 percent
A(one sigma). . U.iS. Geological $urvey Standards‘were employed‘for.éurp0ses
of calibration and monitoring.of unknowns, ‘The data fér'K,‘Th{ U and heat
generation are reported in Table Onéfj A
l Altho&gh i dafa are available fér 57'ééﬁ§lés and Th data forAZS{
K, Th and.U data a%e avéiiable er only 20 éémples.' Thése_ZO samples are,
‘howevef, widéspréad in»occurrence and represenfativeﬂbf the major,rock

types which occur in the Zuni Mountains.




The total heat gemeration due to radiogenic K, Th.and U rangés from
2.72 to 11.25 ucal/g yr with an average of 7.23 ucal/g yr. Wasserburg et al.
(1964) éuggesc a value of 8.2 ucal/g yr for granitic rocks although this value

may be too high .as Tilling and Gottfried_(l969)~summafize:data for 38 -

granodiorites and 12 granites and qgértz monzonites from the western United
States at S.b and 7.6 ucal/g yr respectively.j The calculated value for the
contipental crust (ihié') is 4.7 ucal/g yr. Variation within various'facie§
of sili;ic plutonic rocks uéually.ranges froﬁzlow values for ténalitic
to granodioritic rocks (2 to 5 uc;l/g'yr) and‘much higher values for gramites
and quartz monzonites (to 10 ﬁcai/g yr). Very high hea;_ggneration has been
’réported for granitic rocks from many locations By Tilling 5na Gottfried-
¢l969). With regard to the Precambrian plutonic rocks of the Zuni Mountains
it is interesting to note tﬁat the average Th/U5ratio for 25 samples ié 4.55v
and theAaverage U content for 57 samples is 3.75 ppm. The chongent is
within ﬁhe'range for granitic rocks but the Th/U ratio (aﬁerage value) is
somewhat higher_thén the commonly cited value of 3.7 % 0.5. 1If this igv
interpre;ed to indicate that there>haS'beeﬁ some U 1os§ whiie K aﬁd Th have .
been retained thén the célculated heat value of 7.23 ucal/g yfjis t60-10w~
and should therefore be considered as a minimum value.

The mean heat flow for the earth is 1.5 + 0.15 ucal/émzvsecl(Lee and -

- Uyeda, 1965) which is lower than the suggested high of 2.0 to 2.5 HFU

(1 HFU = l'uc'a]./cm2 sec) for the anomaly in the vicinity of the Zuni

Mountains (Reiter et él., 1975; Laughlin and West, 1975);s1'

The problem here, however, is to attempt to determine how much of the high

heat flow is due to near-surface or surface heat from radiogenic K, Th and U
relative to mantle-derived heat. Since the geometry of the Zuni Mountains

is not known as a function of depth one must rely on the. rather uniform K,
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Th, U and Th/U values reported for surface or shallow drill hole samples and

assume that little if any variation‘occurs with depth. Laughlin and Vest
(1975) also report gravity and ERTS imagery evidence which ‘suggest the presence -
of a beried felsic rock ﬁaSs beneaﬁh'much of,the ZuniAMountain;; While it
is not possible to state whether or not.this roék‘masé represents buried
Precambrian rocks equivalent to those sampled at or near the surface as
opposed to an entirely difrerent rock mass, the lack of felsie.Laraﬁide
plutons and younger silicic volcanics may then be used as an indirect argﬁmenf
that the»ﬁuried felsic roeks.may be equivalent and parts of the exposed
Precembrian-granitic rocks of the Zuni Mountains. The significance of the
possible persistenee of these rocke to depths‘can begerreciated bj rhe'
-studles of Tilling and Gottfried (1969) on the Boulder Bathollth. . Their
data conv1nc1ngly demonstrate that the “high surface heat flow of 2.1 to
2.2 HFU can be entlrely explained by the radiogenic heat from K, Th and U if
the bathollth per51sts to a depth of 35 kllometers (note. the depth to the
Moho under the Boulder Batholith is 45 kllometers)._ ‘The few geophy31cal data . -
for the Beglder'Batholith indicate'persistenee of the silicic rocks to a
depth of no more than 15 kilometers or.so andgthe‘éreeence of more mafic
material between 15 and 45 kilometers. Since this wafic material in-all
| probability is gabbroic‘its heat generation is on the order of only about
1.0 ucel/g yr.which, ie tﬁrn,vsuggests thaf‘the source for much.of'the heat
must‘Se mantle-derived with avsignificant'contriBution frohAthe Boulder
 Batholith itself.

Collectlvely.tﬁe heat generation from radlovenlc K, Th and U ﬁay be a
51gn1f1cant contrlbutor to the total heat flow for the Zunl.Mountalns.' This
can and should be'substantiated or refuted by deep drilling,coupled with

geophysical study as suggested by Laughlin and West (1975)-
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K (%)

4.18
3.78
3.76
4.20
5.59
4.52
3.88
5.23
5.22
3.88

4.05

5.46

4.52
4,10
' 5.14

4.50
4.49

5.41°

3.83
5.41
4.81

3.62

3.90
4.28
4.32
4.05
4.79
4.51
4.57
3.98
4.23
3.96

TABLE ONE

Th- (ppm)

13.65

' 35.8

15.0

16.4

~2.40

- 12.9

15.0
3.70
3.63 .

18.2

17.4
3.15

30.8

18.6
4.26

-17.1

18.4
3.69
24.6
13.0

. 7.26

19.8

$23.1

12.9

11.5

16.3.
2.67
5.08
3.29

18.9

14.5

16.2

Radiogenic Heat Budget for the Florida Mountains

. U_(ppm)
 3.08
'7.80

3.65
4.03
1.58

2.88 .

2.80
2.39
1.77
4.81
3.03
1.42
7.08
3.89

1.83

3.69

4,22
1.65 

5.44

2.76
1.87

4.18
4.56
2.33

2.57
4.17 -

1.50

1.25
1.47

2:77
3.15
3.35

Q (ucal/g yx)

6.11
13.88 -
6.68
7.36
3.14
5.90°
6.10
3.90"

" 3.43
8.19
6.79
3.14
12.54
7.67
- 3.57
7.32
7.97
3.40

9.94

6.08
4.12
. 7.98
9.01
5.43

5.35.°

7.40
2.92
3.15
2.96
6.88
6.34
6.75




: . T P [T T R S S S A IR sy S O 7 i e S e
G AT ST AN TR T A U A D S ) PR 1 S Ll e R A R L ;‘,"";)W Lor gl ._, i R A PR N R %
B o2, 1;’}5, A it »t@!/{',. X "i TSR et SR s 2 A G T I Lo e T M TR T el o L T TR Slnae R R e
. .

i, ' f . 11 -

TABLE TWO

Radiogenic Heat Budget for the Zuni Mountains

Sample K@ ThGem) U (ppm) Q_(ucal/g yr)

ZM1-1 4.35. 22.8 2.91 7.85
ZM1~2 ) 4.47 18.8 - 5.98 ‘ 1 9.33
20-4 - 437 21.9 402 970
ZM1-5 4.62 20.5 - - 3.65 : 8.01
oMl 437 18.0 337 . 8.44
n-7 - 4.26 20.2 3.66 7.86.
2M6-1 3.24 1220~ 346 . s.80
' ozMe-2 3.29 U 14.0 2097 5.80
S m6-3 318 - 12.2 3.67 ' 5.98
Me-4 3.6 16.5 b4 7.48
M7-6 3.47 . 13.6 3.46 ~ 6.19
-7 - 2.77 17,5 . 3.8 . 6.64
" 2M7-8 \ 3.76 -+ - 13.4 . 2.64 | | 5.63
zs-1 | 3.91 16.0 3.53 . 6.83
zs-2 4.03 30.4 . .5.60 . 113
zs-3 - - 2.20 - 4.07 1.79 .72
z5-4 . W T 7.92 2.14 o 4.15
z5-5 386 11,3 349 584
zs-7 . 3.69 18.3 © 5.33  .ss
. 75-8 - 406 - 28.6 5.02 10.48
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