
GEOTHERMAL MEASUREMENTS IN THE DEEP HOLES IN NOVA SCOTIA 

Malcolm J. Drurv 

Division cf Gravity, Geothermics and Geodvnamics 
Earth Phvsics Branch 

Enerqy, Mines and Reaources 
Ottawa 

Internal Report 85-11 

May 1985 

mszadurs
Transparent Narrow



Jntroducticn 

The Nova Scctia Department cf Mines and Enerqy <NSDME> is 

currentlv engaqad in a ccntinantal daep drillinq prcqrammm in the 

South Mountain bathclith <Fiq. 1). Feur hclea are planned~ each 

with a depth of appreximately 1700 m. The primary purpcse ia to 

obtain deep qeclcqical information in • metallcqenic bathclith~ 

but NSDME haa invited other scimnti~t• to beccme involvad. 

Eecause of my intaremt in the thermal atate cf the cruut in the 

Appalachien •vutem cf Canada, I hav~ been asked by NSOME te bm 

respcnmible fer makinq heat flcw maasurementa in the hcles. In 

keepinq w1th my initiative te rsintroduca uci~ntific drillinc te 

the Earth Phv•ica 8ranchq I have raadily aqread te de this. The 

present report, which woulci b~ a relevant format for anv deep 

drjJJinq prcqramma, i• an indicaticn cf tha varioua aapecta cf 

qeothermicu that will beer on th~ NSDME prcject. The follcwinq 

sections form an cutline, aubmitted te NSDME at my suqqasticn, 

of whv and hcw a gecthermal proqramme would be carried eut. 

Pur pose 

The drillinq cf deap hcles in the South Mcuntain bathclith 

of Nova Scotia will afford an excellent oppcrtunity te cbtain 

hiqh quality qecthermal data frcm an area of qraat intera&t te 

the author. It im prcpcsad that hast flow will be detarmined, 

frcm a combinaticn cf thermal lcqging and maasurament cf tharmal 

conductivitv of core aamplas. In addition, core semples will be 

ana lvsed by qamma-ray apectrcmetry for radicgenic haat 

production, principally by imotep~• cf U, Th and K. 

There have been aome heat flcw maasurammnta repcrted fer the 
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Maritime Prcvinces cf Canada (Jesscp. 1968= Je~~op and Judqe, 

1 9 '7 1 ~ i:~ <'1. n k i ri , 1 9 "1 4 ; H y n d m i'.m ~l? t Ili' l. , 1 9 '7 9 ) • Th e i:\\\.l t h c.~ r i !3 

c urrently workinq en a paper that will report further 

measurement~. derived mainly from hia proqramrna to a~seffiU the 

oecthermal enerqy potentiel cf the reqicn. The paper will include 

a value frcrn a site in the Wedqeport aranite cf Neva Scotie~ a 

hcle was dr1llad therœ te a ciepth cf 483m fer the authcr in 

January 1985, in support cf both hi~ ~ciantific interest in the 

thermal nature cf the cruet in the Appalachians, and cf the 

Federal qecthermal enerqy proararnrne. The d~ep drillinc will 

prcvide an excellent continuation te these studies. 

Heat flow studiee are of importance in ccnstructinq models of 

the evcluticn cf the earth's crust. Mcat of the haat flcw 

measured at the surface cf the earth is prcduced from the upper 

few kilcmetrea cf the c:rust, frcm the decey of radioactive 

ir,;r.;tc.Jpi:?s. :a i!S pC"Jssible, for mëmy pé.,rts of the world, to define 

"t'lf.\·~c::1t flc:iw provinc:e1!!1", in which thew·e f.·~Nimt!', a roLlqhly linC'Ni:\I"' 

relaticnehip between heat flow and heat qeneration, of the form: 

Cl 11111 G.l., +(~ob 

in wh1ch Q and A0 are the heat flcw and heat qeneration measured 

n e:u::u·· th c-::• H:iu r· ·f èat: !:~ , Q,, i s th c;1 "r ti~d l.lc:: i:~d h t-u,, t f l ClW 11 
, wh i r.:: h l'" l~prt.':1~!it:~n t ~~ 

the heat flcwinc f rcm th e lcwer cru~t and deeper. and b is a 

sca le depth fer the distribution of radioqenic elements. Qn and b 

are constant in eny heat f lcw province. There are sev~ral w~ys in 

wh1ch heat produc:inq elements can be distributeci with depth in 

order that this relationship holds, but it is commcnly accepted 

that the concentration of suc:h elementa cier.::ays exponentially w1th 

depth. Fer Atlantic Canada the relation~hip i~ (Hyndman et 



Dl., 1979) Q ~ 39 +/ - 8 mW/m 2 and d ~ 11 +/ - 5 km. 

The concept cf haat flcw province~ iœ uimplistic, and data 

+rom deep hclas cr expcged crustal sections havœ net varified any 

et el., 1981). Recent wcrk in the raqicn has shown that in some 

qranitic bathclitha this relaticnship dces net hcld (Drury, 

1984)~ the radicqenic heat prcducticn iu much hiqher than wculd 

be expactad for the meaœur~d haat flow. Althcugh hmat flow 

measurements at the Wadqeport ~ite are net yet ccmpleta. thœ sama 

situation appeara te hcld there. Similor instanceru frcm Canadien 

ahield sites have been repcrtad CJesscp and LawiB, 1978; Drury 

and Lewis, 1983). In each ca9a the interprataticn has baen thst 

the meaeured radicqenic heat production waw raprenœntative cf a 

thin <1 -3 km) surfaca vene•r cnly, and net of th~ cru•t te ths 

depth d cf the heat flcw - heat production relaticn•hip. The 

NSDME drillinq prcqrsmme offere an excœllent opportunitv te test 

thiml idfb~ii:I .. 

Geothermal studies almc affcrd an cppcrtunity te aaaaas 

water flow effects in the crust. The flcw cf water can be an 

1 f' t. h . f f:·h · · · Fi· c · :. J. v ~·:·~ m c,;~ c: .::1 n :1. ~~ m c:i r tha rœdi$tributicn cf haat, a phancmenon 

t hat has been explcited by the d~velopment cf ~naly~iAA methcd• as 

part cf the Canadien Nuclaar Fu81 Waste Manaqemant Prcqr~mme. Tha 

thermal effectn of water f low c~n be u~ed te detect fracturas in 

c rvatallina rock, and te dalineata flcw systems (a.q. Lewis and 

Back, 1977; Drury and Lewis. 1983; Drury et al., 1994a). Studies 

of fluid flcw ara, of coursa, cf profound aiqnificance in 

exploration qeolcoy and qeophy~ic~. The redi~tributicn cf 



elem~nt~ that fcrm econcmic ore depc~it~ may well be ralated, in 

scme plutcna at leaat. te the pceaibla radimtribution, end 

concœntraticn near tha •urface, cf radicgenic elemantm. 

If a bcrnhcla ia free frcm tha thermal affecta of water 

flcw, analyaim cf the temperature gradient can alsc be U$ed to 

model pest climatic variations Ce.g. Cermak, 1971). Fer thin 

purpoaa, the daœp~r tha bor•hcla the better~ ~~ climatic chanq•~ 

that cccurred thcuaands of veara aqc wculd ncw be indicatmd by 

thermal perturbation• at aaveral hundrad metra• dœpth. A 

para1neter that is neceesary in ccn•tructinq climatic mcd•ln frcm 

down-hcle thermal data is thermal diffusivity cf the rock. The 

qectherm1ce labcratcry at Earth Phymics Branch i~ tha cnly cna 

known te tha investicator te be meking meaMuremantœ cf 

diffueivity cf rcck ccre rcutinely, usinq $ ncval technique 

developad here <Drury et al." 1984b). 

The study will alsc antail phy~ical prcpertiaw maa~uremanta 

on rock ccres, principally th~rm~l conductivitv ~nd th~rmal 

diffusivity, but mlac cf density and pcrowity. Buch ~tudies arœ 

required for the intœrpretaicn cf thermal data end fer helpinq 

ccr1ntruct modela cf the bathclith - danaity maaauremanta fer 

cravity, for axample. Th~ maasuremantœ wculd permit the variation 

cf thoae prcpartiaw with depth te be ••••~••d, which aidœ in 

developinq mcdels of the natura cf the crust C~ig• Drurv~ 1985), 

Schadule 

The prccams cf drillinq a bcrahcla diaturbm the thermal 
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cradient in its vicinity. The diaturbance diaaipate~ 

apprcximmtmly lccarithrnically, ~nd th• pre-drillinq thermal 

cradient i• re-e~tabliahed at an elapsed time after the end of 

drillinq cf 5-10 timaa the total drillinq time. Fer this reason, 

1t wauld be dasirable to keep the holes open far one or two years 

after tha ccmpleticn cf drillinq. Tha ccst of keepinq the 

necessary surface casinQ in place could be borne by Earth PhvMic~ 

Branch frcm ita qecthœrmal œnerqy prcqramme~ fund~ hBve already 

been marked for th1a purpcse fer the current fiacal ym~r. and it 

would be quite appropriate te use thœm fer the NSDME drillinq 

~roqrsmm~. Conaequently. it iœ recommended that the holD~ be kmpt 

open te permit qscthermal lcqqing for at laast cne year after 

they arm completed. A serieœ cf temperature legs wculd ba 

u1ldf.:?rt<::..kr::?n~ mo~:1t lik~:·~ly ui:~inq e:\n E::F' Ei wirelini:~ th~rm<:'\.l prc:lbE·:? c:>r1 f.:\ 

commercial lcqqinq truck, in order that the full dr1lled depth 

c.o t.tl d bE? l cqqec:I. 

Core matarial fer ccnductivity and he•t qeneration 

measurements wculd alsc be raquired. Approximately 5-10 cm of 

material would be neœdmd fer a 1 cm thick dise te be eut, at 

intervals that wculd be datermined when the lithclcqy wau bmtter 

~ncwn, but prcbably frcm œvery 10 m. The material could ba 

returned a+ter analys1s, if required, lass a minimal losa durinq 

sample preparaticn. Fer heat qmneraticn mee•urœment~. 

apprcximately 350 q cf ccra wculd be n~eded, probably from JO m 

intervalm. The aamplinq intarval might be reduced if initial 

analyse• indicated a reascn te do so~ a discernible variation 

with depth, fer example. Such material is crushed, and ahould 

therefore be ccn9idered as net returnable. 



Output 

The output will be ~ detailed study of heat flow in ~ 

relatively ~mall area, it~ vari~tion with depth, the v~riaticn 

with depth cf acme physical propertie~ of the rock, the variation 

w1th depth of radioqenic he~t prcducticn, pc$sibly an analy®is ot 

water flcw patterns, and pcssibly modellinq of past climatic 

variations frcm their thermal record. It is anticipated that the 

study wculd ba completed within two vears cf the last drillinq. 
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Fiq. 1. Location of NSDME deep drillino site, hale 1,currentlv 
b•inq drilled, and of hole 2, planned to be drilled thi~ year. 
Other holes will be in the same ~rea. Location of one other he~t­
flcw site in the South Mcuntain batholith is alsc shown. W im 
the Wedqeport site drilled by EPB in January 1995. SM - South 
Mcuntain bathclith. 


