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NOTES
This m a p presents results for ca lcula tions of the potentia l for Creta ceous a nd younger gra nitoid plutons to produce ra diogenic hea t.
The ca lcula tions were perform ed using U , Th, a nd K concentra tions from  whole rock geochem ica l da ta  com piled from  litera ture a nd
from  the Y ukon Geologica l Survey’s (Y GS) a rchives. The objective of this exercise wa s to identify plutons with a nom a lously high
potentia l for ra diogenic hea t production to use a s a  ta rgeting tool for geotherm a l resource explora tion.
Back ground :
More tha n 80% of the hea t produced in the Ea rth’s crust com es from  gra nitoid rocks. W hen gra nitoid rocks form  they na tura lly
concentra te ra dioa ctive elem ents such a s U , Th, a nd K, a nd the ra diogenic deca y of these elem ents is a n exotherm ic rea ction. The
ra dioa ctive deca y of these elem ents within a  gra nitoid body m a y genera te loca l hea t a nom a lies a nd eleva ted geotherm a l gra dient a t
rela tively sha llow crusta l levels (Kolker, 2008). In com bina tion with other loca l rock properties (e.g., porosity, perm ea bility, therm a l
conductivity), ra diogenic hea t ha s the potentia l to genera te a  geotherm a l resource.
The deca y of ra dioa ctive elem ents converts m a ss into ra dia tion energy, which in turn gets converted to hea t. W hile a ll na tura lly
ra dioa ctive isotopes genera te som e hea t, significa nt hea t genera tion only occurs from  the deca y of 238U ,235U ,232Th a nd 40K.
Therefore, potentia l hea t production is governed by the concentra tions of U , Th a nd K in the rock (R yba ch, 1981). In igneous rocks,
ra diogenic hea t production is dependent on the bulk chem istry of the rock a nd decrea ses from  a cidic (e.g., gra nite) through ba sic to
ultra ba sic rock types (R yba ch, 1981). Therefore, gra nites with a nom a lously high concentra tions of U , Th a nd K a re ta rgets for
ca lcula ting potentia l ra diogenic hea t production.
One m ethod for ca lcula ting potentia l ra diogenic hea t production (A) from  plutonic rocks is given by R yba ch (1981):

where cis the concentra tion of ra dioa ctive elem ents U  a nd Th in ppm , a nd K in %; a nd ᴩis the rock density. H ea t production
consta nts of the na tura l ra dio-elem ents U , Th, K a re 9.525∙10-5, 2.561∙10-5a nd 3.477∙10-9W /kg, respectively (R yba ch, 1981).
Data and  Me thod s:
Geochem ica l da ta  from  ~ 560 sa m ples of Creta ceous a nd younger plutonic rocks from  southern Y ukon were com piled from  published
a nd a rchiva l sources a t Y GS to ca lcula te potentia l hea t production using R yba ch’s (1981) equa tion. R ock densities were extra cted
from  a  com pila tion of physica l rock properties in southwestern Y ukon (Tem pelm a n-Kluit a nd Currie, 1978). For ea se of ca lcula ting
such a  la rge da ta set, a nd beca use the resulting Ava lue is not significa ntly a ffected by slight va ria tions in density, the density va lues
used in ca lcula tions were a vera ged by rock type for felsic, felsic-interm edia te, interm edia te, m a fic a nd ultra m a fic com positions (see
a ccom pa nying digita l da ta  ta ble).
The ca lcula ted va lues for ra diogenic hea t production (A) a re plotted over the m a pped distribution of Creta ceous a nd younger
plutonic rocks extra cted from  the com pila tions by Colpron et a l. (2016a ,b). Ma jor crusta l fa ults a re a lso shown for reference.
R e sults:
The a vera ge gra nite ha s a  cha ra cteristic ra diogenic hea t production va lue of 2.45 μW /m 3(R yba ch, 1981). The ca lcula tion of hea t
production from  ra dio-elem ent concentra tions in southern Y ukon yielded severa l high hea t production (A) va lues: with a  la rge
num ber of sa m ples ra nging from  3-10 μW /m 3a nd a pproxim a tely 25 sa m ples with a nom a lousAva lues grea ter tha n 10 μW /m 3.
Most significa nt a nom a lies a re a ssocia ted with Creta ceous plutons. Nota ble a nom a lies a re found in m id-Creta ceous gra nitoid
plutons of the Thirtym ile a nd Englishm a ns ra nges, ea st of Teslin, where 8 sa m ples yielded Ava lues grea ter tha n 10 μW /m 3. The
La te Creta ceous Alla n pluton, in the ea stern Ca ssia r Mounta ins northwest of W a tson La ke, yielded the m ost a nom a lous results with
5 sa m ples yieldingAva lues grea ter tha n 20 μW /m 3; those sa m ples were collected a t a  U ra nium  showing (Minfile 105B 126).
In the Anvil a nd South Fork ra nges, north of R oss R iver, m id-Creta ceous plutons a lso yielded a nom a lousAva lues grea ter tha n
10 μW /m 3. Fa rther north in Selwyn ba sin, a lka lic plutons of the m id-Creta ceous (94-90 Ma ) Tom bstone suite (Colpron et a l., 2016b)
a lso indica te eleva ted potentia l for ra diogenic hea t production nea r Ma cm illa n P a ss a nd northea st of Da wson. U ra nium
m inera liza tion is a lso loca lly a ssocia ted with plutons of the Tom bstone suite (e.g., Minfile 116B 058, 116B 107, 116B 108).
Y ounger, Cenozoic plutons a re m ost a bunda nt in southwestern Y ukon. They genera lly yield a vera ge Ava lues a nd a ppea r less
fa voura ble for ra diogenic hea t production tha n the Creta ceous plutons. H owever, high-level intrusions a long the northea stern fla nk of
the R uby R a nge ba tholith nea r Aishihik La ke, yielded A va lues grea ter of 3.5-4.2 μW /m 3; a nd the Eocene Ting Syenite in
southea stern Y ukon, nea r the P ool Creek hot spring, ha s a nom a lousAva lue of 5.36 μW /m 3.
P lutons tha t yield the highestA va lues genera lly coincide with regions of sha llower Curie point (~ 580°C) depth in Y ukon, a s
determ ined from  regiona l a erom a gnetic da ta  (W itter a nd Miller, 2017).
It should be noted tha t the Y ukon lithogeochem ica l da ta ba se wa s still under developm ent a t the tim e of prepa ra tion of this report. In
pa rticula r, the da ta set used here shows significa nt ga ps, m ost nota bly in the Da wson R a nge a nd the W hitehorse region. It is
a nticipa ted tha t these ga ps in da ta  will be corrected with further developm ent of the Y ukon lithogeochem ica l da ta ba se.
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Comparison of calculated potential radiogenic heat
production with results of Curie point depth (CPD) mapping
of Witter & Miller (2017). The hotter colours indicate
shallower CPD.

 A (μ W/m 3) = 10-5 ᴩ (9.52cU + 2.56cK + 3.48cTh)
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