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Abstract 

Water has been extracted from a number of cores collected by 

Foothills Pipelines along the Alaska Highway and has been analyzed for 

stable isotopes. The results to depths of 15 m indicate the waters 

to be isotopically similar to present ground-water in the region and it 

is concluded that the permafrost waters tested are young in age and 

hence the permafrost is post-Hypsithermal in ·age. 

Resume 

On a extrait l'eau d'un certain nombre de carottes prelevees par la 

Foothills Pipelines le long de la route de l'Alaska, puis on en a analyse 

la teneur en isotopes stables. Les resultats obtenus jusqu'a des 

profondeurs de 15 m indiquent que ces eaux sont semblables, du point de vue 

isotopique, aux eaux souterraines actuelles de la region. L'auteur conclut 

que les eaux du pergelisol qui ont ete analysees sont recentes et, par 

consequent, que le pergelisol est posterieur a l'optimum climatique 

post-glaciaire. 
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I l\"IliCDUC'llCN 

Initial investlgttti~ns into the nat~rat v~riations of 

~tdble isotopes in permtt~rost •aters were undertdken by tte 

authors in 1976 (".H. r .. contract ~oOo-12). 1httt st\Jdy in-

valved au ex~mication oi cores ~ade availdblld by foothills 

Pipe Lines Ltd. .l:or t lie .kacl<enz ie Valley, aud by Polar Gas 

Ltd. ~or their proposed pipeline route throu~h the centr~l 

Keewatin (Fritz ttnd Mlchel 1S77 1 Michel and Fr it~ 197El: ). 

During the 1977-81 period, program ol laborct.tory exµerl-

111e11ta.tion was conducted in order to si111ulclte the nat\Jral 

variations detect~d •ithin the originct.l cores. Tu supi:le-

ment the lduoratory •ork dnd to increij.se the 

bct.se, au extensive field pro~ram was uuderta~en i Il ka y of 

1979 and 1980 at du experimental laxe sitld ( oaa~d ILlisar-

vik) in the ~ackeuzie Celta. A tutal oz 2J continuous cores 

were collected at this site from •ithin and adjacent to tte 

lake bed. The year ty year ~rogress o~ these st\Juies has 

been described in d series of reports ( .'ilichel ttnd Fritz 

19784, 1979, 1980, 1581, in press) which have been co~piled 

and summarized ty the senior author dS d fh.D thesis (~ichel 

1982). 
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o.f the OOl!Ging in~estigatioa of ~round.,.ater in 

this study was undertaken in 

urde r to examine the isotope contents <J:f permdlrcst water 

ex tru.c ted .from cures collected a1onf! tt:e proposed .Al.1:1skt1. 

Higbway pipel.ine ro\;te. Specifically, the objectives of 

this study were: 

a) tu collect core material 1.rom tte ~ropu;;ed Alaska 

Hi~hwa.y plpel.ine route in order to pruvide 1:1 better 

understanding o1 the history of these •dters ano ttelr 

rel.ationship tu the discontinuous p e r UJ a! r <J s t o :t: t h.a 

southern Yu~on, dOd 

b) to continue to quanti1y the e.ffects creatiu~ tt:e iso-

tope varl11tions iu ,i::ermairost related •doters descri.l::ed 

previously in order to permit a more detailed oiscus-

sion of tt.e Iorm~tico and stability of permafrost. 

This report oescribes the work completed and pre~ents the 

data dc4uired durin~ tt.e contract perioa. Prel.iminary in-

terpretatlous ol'. these oata are presented in CUll.JUUCticn 

with the results o~ otter isotope studies .l::ein~ conducted en 

active ~round~dter 11.o• systems al.on~ -ite Al.aska l:ligh"'ay. 

Finally, the report su~~ests a course 6Lung ..-hi<.:h 1urther 

work coul.u be pursued• 
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110 iiX CC:MPLE'IED 

Most of the •ork cc~~leted durin~ the period of thi~ con­

tract has lnvolved the extract.ion and analysi~ o1 water 1rull1 

core samples c~tlected ~y Foothills Pipe Lines (Yu~on) Ltd. 

during drilling pro~raas io 1980 and 1581. The sau;ples ex-

amined represent material irom along the entire lengtt of 

Detailed the Alaska aigbway l } • 

subs4mpling of eeveral cores •ds undertdken to examine minor 

:tl uc tu~ t ions in mu re detail. In addition, 7 

~roundwater samples •ere collected by the secvnd authcr our-

in¥ a visit to the area durin~ July o1 1EE1. 

contents of all samplee heve b~en determiped. 

The oxy~en-18 

One lOood saa:-

ple hds been radiocarbcn ddted tc ~roviue informaticn on tte 

age of the sediments examined Yithln the korehole. 

- J -
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I II 

DISCUSSICN CF iESULTS 

INTRO DUCT JON 

The Al.ciska by Foothills 

Pipe Lines (Yukon) Ltd. •oulci closely pdrallel the tighway 

alung the section bet-een ~hitehorse and the Alds~a torder • 

.tollows the base o:f the St. ELL:lS Mountains 

"'hicn contain severll l of the in Canada. 

The Large dif1erences in elevation result in the formatico 

by uu111erous spriug discharges aloni the entire sEct.ion of 

hi~hw~y west of WhitehGrse. 1he el.evatioc ditrerences also 

result ia the rapid accu111ulat.ion of !H:diments in valleys 

subject to large volumEs er snu•~elt run-ci1 in the Sfrir.g. 

ln Fi~ure l' the .kn c•n Loe a tions for those boreholes 

analysed during the current contract ~eriod ~re sha .. n. In 

addition, the locdt.iuns et ~roucawater saaples are ~lctted. 

The proposed routing •ithin the Yukon ties entirely '"ithin 

the discontinuous per"dircst zone and in many ways resemtles 

couditions in tte central portion of the Mackenzie Valle~. 

Al.l of the isotope date are listed in Apfeodix A. 

5 
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I SOT OP E fil.§Jl...L..!.§ 

collected by the s~ccnd au-

thor during July 1981, displa> a range in oxygen-16 contents 

! ro111 -20 to -2J 0 /oo• In a related study ot spring dis-

charges dOd icinj tcr~ation aloog the proposed route, van 

Evercilugeo personal. communication has deter~ined a ran@e 

of -19 to -23.5 °/oo for grouod~aters ccl.lected at various 

times of the year over a several year period. These e;rouno-

•aters include both shallow aod more re~ioaal flow systems, 

which indicates that tt~ ran~e ia isQtope conten~s is prcba-

bly valid for all ~rccndwaters along the route. 

The core samples e.xau;lned were coll.ected by Foothil1.s 

Pipe Lines (Yukon) Ltd. durln~ their 198C drillin~ program. 

During a 1981 program five samples o~ ~assive ice •ere col-

lected and shlp~ed to ~aterloo for analysis. In addition, 

the numbered portion <Jf core PC-J-14 represents a 111 ass iv e 

ice z.one. lo dO e.xamina1ion of the isotoµe results it can 

be seen th&t all o1 tte Sdaples have ox)gen-18 contents in 

the range o~ -19 to -24 °100. 11 minor 1ractiooa~ioos as d 

resuLt of freezin~ are ta~en into account, this rao€e can te 

considered to bE the sa~e as that o1 the act~ve grcuoawater 

syste111s. This •ouLd cuntair.ed in 

the p~rwatro~t are of a similar age as 

adjacent active ilow systems. 

The da.ta for borehole 19 demonstrate that no variations 

occur in the upper 7.5 me1res o1 ~ermafrost which cannot te 
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explained as a result <:1:t 1r~ezing. -"- t t h o u g h n c "t as coa:-

plete, the ~refile fer core EH-19 is sindld.r to tte core 

previously studied iroa: the \oil low la-.:e ;; i ver drea ot tte 

~ackeuzie River (Fritz and ~ichel, 1977). Both lccalities 

are si1.11ilar iu that they are situated 1dthin the zoue of 

dlscontiuuous per111a.frost acd in areas of active ~rcunowater 

flow. In such situ6tions, minor changes to the permairost 

can result in aLterdtion cl the frozen zones by Qround•ater. 

The Largest shifts det~cted during thie study ~ere in the 

m~ssive ice sections of ccres PC-3-14 and Sl-02-348(2). In 

both instances, the oxygen-lE contents stift from value~ of 

-23.o to -2J.9 DJoo at the tcp of the interval examineo to 

-21.2 to -21.7 °100 at the ila se. Because there is oo datd 

for the sections above or belo• the mdssive ice zcoes, tte 

significaoce oz these 2 °100 stitts cannot be detersin~d. 

The remainln1t1 samples are representative cf coly sn:alt 

intervals •ithir vario~s ~oreholes. cotlectl..,.e"ly 

they can still be usetul in aescribln~ tte lack of climatic 

shi1ts throughout tt. e reiloa. Even tte 1881 massi..,.e ice 

samples, •hich •ere collected trcm dS deep as 14 metres, do 

not display any isotopic llariations "'hlch coula be at1ribut-

ed to climatic ch~a~es. 1h~reiore, it would dppear ttut all 

o~ the perma.~rost sectioos examined to date are relatively 

youug in ae1:e• 

In an attempt to determine the ma.xlmum clge o:t the JH:!ra:ai-

rost 1 d samµle o1 wood cootained within the massive ice o~ 



core bl-01-06 0 ~us raoiocarbcn oated. 1he samFle, 

1rom d. depth OX 9.~ tc 10.0 ~etres, 1~ no~ndeu ubove dOO te-

.-'tove a ci~q:th o1 eight metres the section ls Low by silt. 

dominated by zibrous peat anc or~anic-rlct silt~ accordink1 

to the borehole logs provided by foothills. The raoiocarton 

age o-f the wood (Tatle ll was oetermiued to be 751C ± 260 

years. Therefore, tte upFer ten metres o1 sectimeut h~s teec 

deposited since the and the a;axlmua. 

age u .f the permairost ea~ ouly be 7,500 years. ~ince tt.e 

isotup" cout~nts do not indicate the preservation of 

ch~nge in climat€ 1 the aie o1 tte permatrost in mast likely 

post-Rypsithermal. 



SAMPLE a 

81-01-060 

Ta.bLe l 

DEPT.H 

( M ) 

s.s-10.0 

~ddiocarbco data tor core 8 l-Cl- G6C of 

the Alaska Highway pi~eline route. 

(O/oo PD!::!) ( PMC ) (Yli!S. E.P. 

-25. 1 39.J 7510±260 904 



IV 

SUMMA•Y A~~ CO~CLUSICNS 

Radiocarbon datini tas shown that sediment dccu~ulaticn 

can .be re1.a.tivel.y rapid al.on@ the base of the St. E1ias 

Mouotalns west oi ~hiteborse, and that thE p~rmairoEt condi-

tlons existing in these sediments bave formed since de~lacl-

ation ot the area. Fer11a:!rost waters Eampted duri11e1 tt.e 

current contract perioo are isotopically Eimi1ar to eround-

'IUlters in active shallow iind llri"tl:in tt.e 

region. Since t~e preservaticn o1 climatic chlinges tas net 

been detected, it is c~ncluded that dll of the permafrost 

•aters examined are prota~ly post-Bypslther~ai in a~e. An :y 

iuture studies ot the isotope contents of permaircst waters 

undertaken aloni the A.la::kii Ei6;hway shc.Jul.d concentrate ou 

sections •hlch are sost likely to contain old perma.trost. 

lnvesti~atioos ci other sections ..,ou ld require deEq: bur..:-

holes (15 metres plus) ln order to enco~nter older ~ermdf-

rost. 

10 -
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Appecdix A 

STABLE ISOTOPE DATA FCi CCaES AND GM0UND~A1E~S 

FROM THE PROPOSED ALAS~A HlG~lAY PIPELINE i0U1E 
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SAMPLE NO. LOCATIC~ T)'.PE { 1 Sc ( a I oo.:: ~l c 'II > 

12 BIG RIVER C .. .nFGliCUNJ:: HAlWPUM.I:' -~2.4 

13 .M.AiCS fl I..,HE CAlHGi-CU?iD B.AN DP U i.. F -22.7 

33 WALK.ER FCl$K CA!HG liCU~D HANDPUMP -20.0 

37 KLUA.SE 1.~ i: E CAMFGiiCUlSD HANDPUMP -2J.1 

39 TAGlSH LAiE CAMPG:<Ct1'0 l::iANDPU.blP -lb.4 
(50 .Iii. F 1' C li iAK E) 

40 MO Iii LEY .lilV.ER CAlrfGRCUND H.ANOPUNP -~ 1. 7 

42 G.AS STA1IC?\ A'I CAO:SlAR WELL ( 8 G F1) -20.s 
INTElilSEC'l lCN 



CORE NO. 

1980-BJ:i-1 
1sso-a1::1-1 
1980-HB-19 
1980-SH-19 
1980-1:rn-1s 
1980-BH-19 
1980-BH-28 
1980-BH-43 

PC-1 
PC-3-14 

SA~PLE NC. 

A 

E 
c 
D 
E 
a 
1 
2 
J 
4 
5 
6 
7 
8 

DEPTH (M) 

2.Js-2.5 
J.S5-4.1 
2.6 -2.i5 
J.5 -J.6 
1.2s-1.3 
7.J -7.4 
5. 35-5. 5 
J. 15-3. 3 5 

1.0 -1. u: 
J.Q -3.l 
J.l -J.2 
J.2 -J.25 
J.25-J.J 
3.3 -3. 3 5 
J .JS- 3. 4 
J.4 -J.H 
J.45-J. 5 
J.5 -3. ~ E 
J.55-J.6 
.3. 6 -J. C: 5 
J.65-J.7 
J."7 -3. '5 
J."75-J.E 

15 

{tac ( O/co~ M CI,, J 

-2c. / 
-21.e: 
-21.s 
-~~.~ 
-.21.4 
-21.5/-21. 4 
-22.G 
-21.s 

-22.6 
-2~.E 

-23.t: 

-2::i. c 
-2~.G 

-2::i.G/-22.S 

-n.c 
-21. s 
-21.7 
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CORE NO. SAMPLE ~c. CEPTH ( Iii ) ~ 1 ac ( C/coS !-! C\t l 

Bu-01-113 SC lL 2.1 -2.25 - 2 1. 1 
80-0 l-113 ICE 2.2s-2.~:: -11.c 
80-01-126 ~.65-4.~E -2C.4 
~0-01-126 4. 85-5. c:: -is.t: 

81-01-060 .A s.s -1 c. c -21. 1 
E II --21.4 
c II -21 • .:;: 
0 .. -2c.~ 
E II - 2 1. 1 
F II -2c.E 
G " -21.11-21.~ 

61-01-201 Ji lJ.9 -14.1 -2c.e 
E II -22.1 
c II - 2 2. 1 
c II ~' r --''•' 

El-02-J48( 2 > A 6.0 -6.2 -.2~.E/-2~.t 

E II -2:; • .2 
c II -22.e 
0 II -22. "j 
F II -21.2 

61-02-348( 3) Ji 2.4 -2.E -21.~ 

E " -2 C. E 
c " -21.E 
D " -2c.e 

81-02-350(4) It 2.7 -1 s • .:: 
E u -2 c. 1 






