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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 1is post-Hypsithermal in age.

Résumé

On a extrait l'eau d'un certain nombre de carottes prélevées par la
Foothills Pipelines le long de la route de l'Alaska, puis on en a analysé
la teneur en isotopes stables. Les résultats obtenus jusqu'd des
profondeurs de 15 m indiquent que ces eaux sont semblables, du point de vue
isotopique, aux eaux souterraines actuelles de la région. L'auteur conclut
que les eaux du pergélisol qui ont &té analys&@es sont récentes et, par
conséquent, que le pergélisol est postérieur 3 1l'optimum climatique

post-glaciaire.
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INTRCDUCTICN

la1 PREVIOUS SIUDIES
Initial investligations into the netural variations of
stable isotopes in permafrast waters were undertaken by tthe

\

authors in 1976 (W.Rele cantract #606-=12). That study in-
volved an examination of cores made available by Foothills
Pipe Lines Ltde tor the Mackenzie Valley, and by Polar Gas
Ltde for their proposed pipeline route through the central
Keewatin (Fritz and Nlchel‘1$77, Nichel and Fritz 1878t ).
During the 1977-81 periody a program of laboratory experi-—
mentation was conducted in order to sSimulate the wnatural
variations detected within the original cores. Tu supgple-
ment the laboratuory work and to increase the natural data
base, an extensive field praogram wus undertaixen in May of
1879 and 1980 at an experimental laxe site (pamed Illisar-
vik) in the Mackenzie Celtas A total of 23 continuous cores
were collected at this site from within and adjacent to tte
lake bed. The year rty year rrogress of these studies bhas
been described in a series of reports (Michel and Fritz
1978a, 1979, 1980, 1S81, in press) which have been campiled

and summarized ty the senior author as a FheD thesis (khichel

1982).



1.2 IERMS OF EEEERENCE

As part of the ongcing investigation of groundwater in
permafrost regions of Canaday this study was undertaken in
arder to examine the isotope contents ot permalrcst water
extructad fLrom cores collected alaong tre proposed Alaska
Highway pipeline routee Specitfically, the objectives af
this study were:

a) to collect core material from tte propused Alaska
Highway pipeline route in order to pruvide a better
understanding of the history of these waters anag tteir
relationship to the discontinuous permafrost ot the
southern Yukon, and

b) to continue to quantify the effects creating tre iso-
tope varilations in rermafrast related waters descrihed
previously in order to permit a more detailed discus-

sion of the formaticn and stability of permafroste

1.3 SCOPE QF JIHIS EEECR]

This report describes the work completéed and presents the
data acquired during the <contract periode. Prelimipary in-
terpretatious or these cata are presented ian cungunc ticn
with the results‘oi ctkher isotupe studies Lkeing canducted c¢n
active groundwa ter tlow systeuws alonyg tte Alaska Highwaye
Finally, the report suggests a course along which further

work could be pursuede



II

WOEE CCNPLETED

Muost of the work ccspleted during the period of this con-
tract has involved the extraction and analysis of water itrounm
core samples collected bty Foothills Pipe Lines (Yukhon) Ltde
during drilling prograass in 1S§0 and 1S81. The samples ex=—
amined r;present material from along tre entire lengthk cof
the Alaska dighway withir the Yukon (Figure 1)e Detailed
subsampling of several cores was undertaken to examimne minor
fluctuations in more detaile In additiony a e€et of 7
groundwater samples were collected by the second authcr gur-—
ing a vislt to the area during July ot 1£fl. The ocxypen—18
contents of all samplee hasve been determinede. One wood sax-
ple has been radiocarbcn dated tc provide infourmaticn oan tre

age of the sediments examined within the torehoclees
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Figure 1 Location map of boreholes and groundwater sampling sites along the Alaska Highway in the Yukon.
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DISCUSSICN CF EESULTS

Jel INTRODUCT ICN

The Alasxa Bighway rpipeline route proprosed by Foothills
Pipe Lines (Yukocn) Ltde. would closely parallel the highway
alung the sectian between Whitehorse and the Alasha Lordere.
The highway 2ollows the base of the Ste Elias NMountains
which contain several cf the highest mountains in Canadae
The large differences in elevation result in the formaticn
of large active grcoundwater flow systems which are expressed
by numerous spring discharges alcng the entire section of
highway west of Whjitehcrsee The elevaticn ditterences also
result in the rapid accumulation of sediments in valleys
subject to large volumes ¢t snowoelt run—-cii in the sgringe.

In Figure 1, the kncwn locations for those boreholes
analysed during the current contract period are showne In
addition, the locations c¢f grounawater saoples are plctteda
The proposed routing within the Yukon lies eantirely within
the discoptinuous permafrcst 20ne and in many ways resemktles
counditions in the <central portion of the Mackenzie VvValleye.

All of the isotope data are listed in Appemdix A



J=2 ISOTOPE RESULTS

Shallow grounduater sagples, collected by the seccnd au-
thor during July 1981, display a range in oxygen=-18& cantents
from =20 to =23 9/aoce. In a related study ot sSpring dis-
charges and icing fcraation alang the proposed route, van
Everdiagen ( perscual commumicatiun) has determained a range
of =19 to =23.5 9/cad tar groupmdwaters ccllected at various
times of the year over a several year periode These grouna-
maters include both shallow and more regicnal flow systenms,
which indicates that tke range in isotope contents is prchba-
tly valid for all grcundwaters along the }oute.

The core saamples examined were collected by Foothilils
Pipe Lines (Yukan) Ltde during their 198C drilling prouraae
During a 1981 program five samples of maussive ice were col-
lected and shipred to %aterloo for analyeise In addition,
the numbered portian ¢f core PC-3=-14 represents a nmassive
ice zonees ln an examina tion of the lsotope results it can
be seen that all of tre samples have oxygen—18 contents in
the range of -1S to =24 %/vo0. If minor fractionatiouns as a
result of freezing are taken into account, this range can e
considered to be the samge as that af the active grcundwater
systemse This would suggest that the waters countained in
the permafruost are of a similar age as the grouncwaters in
adjacent active tlow systemse

The data for borehcle 19 demanstrate that - no variations

occur in the upper 7.5 metres of permafrost which cannot te
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explained as a result ot treezinge Although nct as caox-
glete, the prcfile fcr core EH=-19 is similar to tke core
previously studied frox the willowlaxe Fiver area ot tre
Mackeuzie River (Fritz and MNichel, 1977 e Both lccalities
are similar in that they are situated within the 2zone of
dlscontinuous permafrost end in areas of active grcunuwater
flowe In such situations, minor changes to the permafrost
can result in alteration ¢f the frozen zones by grouundwaters

The largest shifts detected during this study were in the
massive ice secticns aof ccres PC=3-14 and §L-02-34&8(2). In
both instances, the axygen—-1& contents skift fromwm values of
«23¢6 to =23.9 9/00 at thke tcp of the interval examineu to
~21e2 to =217 9/00 at the basee Because there is po data
for the sections above or belows the massive ice Zones, tre
significapce ot these 2 9/00 stitts cannct be deterzinede

The remaining saamples are representative c¢f coly small
intervals withir varicus koreholese However, collectively
they can still ke usetul in aescribing tlte lack uf climatic
shifts throughout tte regione Even thre 1981 massive ice
samplesy, which were collected ircm as deep as 14 metres, do
not display any isotopic variations which could be attribut-
ed to climatic chaongese Thereforey it would appear trat all
of the permatrost sections examined to date are relatively
young in agee

In an attempt to determine the waximum age of the permai-

rost, a sampile 01 wood contained within the massive ice cf



&
core 51-01-060 wasS radiocarktcn catede The sample, tasen
from a depth of S8 tc 100 metres, is buunded wsbove and te-
low by silte Atove a depth ¢1 eight metres the section is
dominated by fikrous peat anc organic~ricrt silts according
to the borehole logs provided by Foothillse The racgioccartcn
age of the wood (Taktle |l) was determined to be 751( = 260
yYearse Thereforey, tre upgrer ten metres of sediment has Leen
deposited since the area was deglaciated, and the maximunm
age of the permairost car ouly be 7,500 yearse Since tre
isotupe contents do not indicate the preservation cf any
change in climate, the age ot tkhe permafrost in most likely

post-Hypsithermale.



S
Table 1 Fadiocarbcno data tor core §1-{1-06C of

the Alaska Highway pireline routes

SAMPLE 2 DEPTH §13¢ % MCDEEM 14C AGE WAT ®

(M) (%/00 FDB) ( PMC)) (YRSe EePe}

81-01-060 S«8~10.0 ~-25.1 393 7510+260 904
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SUMNMAEY ANLC CONCLUSICNS

Radiocarbon dating tas shown that sediment accumulaticn
can be relatively rapid along the base of the St. Elias
Mountains west of Whitehorsey, and that the permafrost condi-
tions existing in these sediments have formed since deglaci-
ation of the areae Fernafrost waters sampled during tlre
current contract periocg are isotopically similar toc ground-
waters In active shallow and deep flow system; witkin ttre
regione Since tre preservaticn of climatic changes tas nct
teen detected, it ie ;oncluded that all of the permafrost
waters examined are gprotakly rost-Hypsithermal in agee Any
future studies ot the isotope contents of permatrcst waters
undertaken along the Alacska Fighway should <concentrate cu
sections which are gost }lxely to contain old permatrostes
Investigations ¢cf other sectiocns would require deeg bore-
holes (1S5S metres plus) in order to encginter glder permaf-

roste
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Appepndix A

STABLE 1SOTOPE DATA FCE CCEES AND GROUNDWATERS
FROM THE PRCPOSED ALASKA HIGHWAY PIFELINE ECU1E
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SECUNISATEER SAMFLES

SAMPLE NO.  LOCATICKX TYPE 1ec (0/g035uCH)
12 BIG RIVER CAMPGECUNE HANDPUMP 5 )
13 MARSH LAKE CANEGHCUNG HANDPUMF -iZe?
33 WALKEE FCEK CANFGECUND HANDPUNP -20.0
a7 KLUANE LAKE CAMFGECUND HANDPUMP <2341
39 TAGISH LAKE CAMPGRCUND HANDPUMP -15.4
(50 Me FECN LAKE)
40 MOKLEY S1VER CAMEGRCUND HANDPUNF =513
42 GAS STATICN AT CASSIAR WELL (&G F1) =205

INTERSECTICN



CORE NO.

1980=-8H-1

1580-8H-1

1980-B8~-15
1980-BH~-19
1980~-BH-19
1980-Bd-19
1980-BH-28
1980-BH~-43

PC~-1

PC=3-14

EJXELIME CCRES

SAMPLE NCa

oMb LONNF~OTMOOAOND>

DEPTB (N)

2.38=2.3
3095-401
206 ‘2-75
3eS -306
7-25‘7.3
703 -704
5035‘5.5
3015'3035

1.0 -1.18
300 -3-1
3.1 -Je 2
3-2 ‘3.25
Je25-3.3
3-3 -3e3¢
3435‘304
Jed =-Ja4€
J«45-3-E
Je§ =388
3055-3-6
306 -3065
3-65—3-7
Je7 =378

3o75’30£

13

§1ec ( 0/coSMChw )

‘2Co7
-2106
'210&
~22e2
-21:4
-21e8/-2124
’22.0
‘2108

-22e ¢
'2205
‘2306
’2202
‘2309
-2303/’2302
-23-C
'2:.6
'23-C/‘22.8
‘2302
‘22-&
=228
'22.6
‘21.5
'21.7



CORE NO.

8U-01-113
§0-01-113
80-01-126
¥0-01-126

81-01-060

§1-01-201

§1-02-348(2)

§1-02-348(3)

8§1-02-350¢4)

SAMPLE MNCe.

SCIL
ICE

Mmoo O m> o0 Mm> OTmMmoAmbd

oA m>

o >

CEPTH (k)

21 "2025
2625=2.38
4.65‘4- E
4085-5- CE

S«8 =-1C.C

o

6-0 '602

2.4 -2.5

2.7

"
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§18¢C (S/cusSMCH )

-2l.1
-21.0
-2c'4
-15-6

‘2101
=214
‘2102
‘2C0&
'21.‘.
‘2Co£
‘210 l/-21.2

Ve T |
(S SN W)
[N S Sl

. NI B T
) se s O

=2C3+8/-23.¢
-23e3
-22.8
-22.7

‘21-2

-21e8
'ZCOS
’21-5
'260&

=183
‘2C01
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