
DD
DD

DD

DD
DD DD

DD

DD
DD

DD
DD

DD

DD

DD

DD
DD

DD

DD

DD
DD

DD
DD DD DD DD

DD
DD

DD

DD
DD

DD
DD

DD

DD

DD
DD

DD
DD

DD

DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD DD

DD

DD

DD
DD

DD
DD DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD

DD

DD

DD

DD

DD
DD

DD

DD

DD

DD

DD

DD

DD
DD

DD
DD

DD

DD

DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DDDDDDDDDD

DD
DD

DD
DD

DD
DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD DD
DD

DD

DD

DD
DD

DD
DD

DD
DD

DD

DD
DD

DD DD

DD

DD

DD
DD

DD DD DD DD DD

DD
DD

DD DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD
DD

DD
DD

DD

DD
DD

DD

DD
DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD

DD

DD

DD
DD

DD

DD
DD

DD

DD
DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD
DD

DD

DD

DD
DD

DD DD DD

DD

DDDDDDDD
DD

DD

DD

DD

DD

DD

DD

DD

DD

DD

DD
DD

DD
DD

DD DD DD DD DD DD DD
DD DD DD DD

DD
DD

DD
DD

DD

DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD
DD

DDDD

DD
DDDDDDDDDD

DD
DD

DD
DD

DD
DD

DD

DD
DD

DD
DDDDDD

DD
DD

DD
DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD
DD

DD
DD DD DD DD DD DD DD DD DD DD

DD

DD
DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD DD DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD
DD

DD
DD

DD DD DD DD DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD

DD
DD

DD

DD

DD

DD

DD
DD

DD
DD

DD
DD

DD
DD

DD

DD

DD

DD

DD

DD

DD

DD DD

DD
DD

DD

DD

DD

DD

DD

DD

DD
DD DD

DD
DD

DD
DD

DD
DD

DD
DD

DD
DD DD

DD

DD

DD
DD

DD
DD

DD

DD
DD

DD
DD DD DD DD

DD
DD

DD

DD

DD

DD
DD DD DD DD

DD

DD

DD

DD
DD

DD

DD

DD
DD

DD
DDDDDDDDDDDD

DD

DD

DD

DD

DD

!
!

!

!
! !

!

!

!

!

!

!
!

!!

!

!

! !

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

(

(
(((

(
(
(

(

(

(

(
(

(

(
(

(

(

(
(

(
( (

(

(

( (

( ( (
(

(

(

(

(
(

(

(

(

(

(

(

(

(((
(
(

((((

(

(

(

(

(

(

(

(

(

(

(

(
( (

(

( (
( ( (

(

( ( ( (
(

(

(
(

(
(

(

( ( (
(

(

(

(

(

(

(

(

(

(

(
(

(

(

( (
( (

(

(

(( ( (

(

(

(
(

(

(

(

(

(

(
( (

(
(

(

(

(

(
(

(

(

(

(

( (

(
(

(

(

(

(

(

(

(

(
(

(
(

(
(

( (
(

(

(

(
(

(
(

(

(

((

(

(

(

(

(

(

(

(
((

(

(

(

(

(

(

((

(
(

(
(

(

! !
!

!
!

!

! !
! !

!

!
!

!

!
!

!

! !
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!! ! !
! !

!

!

!

!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

! !

!

!

!
!

!
!

!

!

!
!

!

!

!

!

!
!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!
!

!

!

!
!

!
!

!

!

!

!
!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

! !
! !

!

! !

!

!

! !

!
! ! !

!

!

!

!
! !

!
!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!!

!

!

!

!

!
!

E

E

E
")

EE
")

")

E

#

!(

E

E")

")

E
E

E
E

E

E

E

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

M r/C b/LGb

O v\M u

R s-R

C v
/R
s-S
R

C v\R r

M r//C v

M r//C v

C v\M u

M r/C b-V

C f//O v-V

C c-V

C v.E v\M b

M v/C b-K U

C f-V

Fp/C v-V

M b/C b-F

C b/M v-F

C v-ZS

Fp/O b-I

FGb-E V
FGp/M b-U

O v\FG
p\M v

O v\L Gb-U LGb\M r-E FGv.E v/M h-E

M r/FGv-E

M r//C v-E
M r//C v-E

E v\FGp-V

R s-R

LGb/M r-E H
LGb\M h-E K

L Gb\M h-E

M r-E

M r/C v-E

C b-ZS

M r/E b-E

C b\M b-U

C b-F

O v\C f-V

M v/C b-V

C b.R r

Dv//R s-Z

C b/Dv-Z

C b-S
C v/R s-VR

C b

C v.E b\\M -ZV

Fp//FGv-E

C v/R s-R

C b-V

C b//R s-SV

M h/E v/C b-VS

C v/R s-R

Dv/C v-Z

M r/E v-E

M b/C v

C b-V

C b\M b

C v\M v-E V

C v\FGp

C f

C v/M r

C b-S

M r/LGv-E V

C v-Z

C b-Z

C b-Z

C b-ZS

C v/Dv-Z

Dv//R j-Z

C b/R s-VR

C v-Z

C b-Z

C f/R r-SZ

C v/M v

C v/Dv-Z

C f\M b-K

C v-VZ

C b/M b-V

M r/E b-E K

C b-F

C b-Z

Rs
/C
v-R

C f\M v-V

M h-E VFGh-E V

Dv.C b-Z

M h-E

C f/M b

C b-Z

M b/R h

E v\FGb/C v-ZE

O b\M b-U

C b\M v-Z

LGb\M b.FGb

FGf/C f-V

C c\M b-V

Fp/FGp-IE

Fp

C f/O b\M b-V

O p-U

O p\M b

R h/C v-XU

O p\C b-U

C v\R h

O v\M b-U

O v/Fp\M b

M r-E

C v/R h

M b-Z

O b/FpLGv\M u-V

M b-E

Cv
//R
s

Ff C b//M v

C b

C b-Z

R s/C b-VR
E v\M b

M r/FGf.E bO v/F
p\FG
v

Dv/C v-Z

M r-E

M r/LGv-E V

O v/Fp

C v-ZS

C b-VS

M b
M b

M b-V

M b//C f-V

M h-E

M b-VL

FGf/C f-V

FGf\M b/FGb/M

FGf/LGv
E b/FGb-E V

C f\\M v-Z

C v-VR C v-V

C v

C v/R s-V

C v//R s-VR

C b//R s-R

C b//M v-E
C b\M v-E

LGb\M b.FGb

R s/C v-VR

Fp/C
b-V

M b/C b-Z

C v//R s

C b-Z

R s/C v-R

C f-V

M b/C v-E

C b//R h

C b-Z

C b-Z

C b-S

R s/C v-R

C f-ZV

C v
//R
s-Z
RC v/R h.E vC f-V

M b/C v-E

C b-S

Fp
M v/C v-E

C v-SZ

C v//R s-SZ

C v//R s-SZ

C v
C b\M v-E

Fv/C v-V

C f//M v-V

C v-VR

C v/R s-R

C v/R s-R V

C v

C b-S

C b-V

C v/Fp-V M h

R s/C v-VR

C v//M b-V

C v//R s-R
C v-R

C v//M v

C v-VZ
Cb
\M
v-E

C v-VZ

C v-SZ

C v/R s-VR

C b-VZ

C b/R s-VR

R s//C v-R

C v/R p-Z

Dv//R s-Z

C v//Dv-Z

C v.R k-VR
R s/Dv-ZR

R s/C v-ZR

R s/Dv-ZR

R s/C v-R

R s/C v-R

C v/R s-Z

C b

Dv/C v-Z

C b-Z
C b-Z

R s.C v-R C b-S

Dv-Z

M b//C v-E

Db-Z

C b-Z

C f//M v-V

R s/C v-R

O v\M b/LGu-E

O v\C f-V

C v//R s-ZR

O v\C b/R u

O v\C b

C v-SZ

R s-R

R s/C v-R Z
C v/Dv-Z

C b/R h

C v/Dv-Z

C v//R r

C v/Dv-Z

C b-ZS

C b\E v
C b\E v

O v\C b/M b

C f\R h-Z

R s/C v-R

C v/R s-R

C f-ZV

C b\R h-Z

C b//R h-Z
R s/C v-R

Dv/C v-Z

Ff

E b/FGb-E V

C b\M v

M r/C v.R r-E

M r

46
00

4000 4500

510
0

5500

4000

5600

4000

4800

46
00

520
0

4200
5800

4600

50
00

54
00

480
0

5700

4000 4000

5800

5600

4000

5100

640
0

6100
47
00

6000

5600

5500
4500

4100

6200

6400

5400

4500

5300

5500

3600

6000

5900

55
004700

6000

5900

62
00

5100
6300

4100
5200

6700

4900

6300

6400

5400

6500

4500

4600

4000

5400

4000

6000

6200

5900

5900

6600

6000

580
0

6000 5200

44
00

60
00

5300

6500

42004700

5000

38
00

51006100

6500

5300

35
00

5300

6400
550
0

55
00

4800

6400

410
0

64
00

61
00

4300

5700

5400

6300

410
0

4900

5200

4500

5900
6400

4500

5500 5900

4400

3800

6100

5000

6300

5600

4200

5100

60
005400

5800

5100

5700

6200

4600

3400

6300

5000

5700

4300

570
0

4700

5200

4600

6200

4700

4900

6300

4900

6300

480
0

5000

5800

5900

6200

4400

4600

4800

3900

450
0

4700

62
00

5100

37
00

590
0

6200

4800

4600

6100

4700

4900

4800

60
00

580
0

5900

3600

5000

6000

49
00

5300

5100

5000

5800

57
00

510
0

5200

5200

5200

5900

3500

5300

5100

3700

5400

5600

5500

5600

5800

61
00

5000

3900

5500

4900

480
0

4400

6100

4200

4600
4700

5900

5700

4300

4100

400
0

4500

5400

4100
4200

5600

43
00

550
0

4400

134°55'

134°55'

135°

135°

135°5'

135°5'

63°50'
63°50'

790000mE

790000mE

795000mE

795000mE

70
90
00
0m

N

7090

70
95
00
0m

N

70
95
00
0m

N

This surficia l geo lo gy ma p wa s cla ssified using the Terra in C la ssifica tio n System fo r British C o lumbia  (Ho wes a nd K enk, 1997), with
mino r mo difica tio n to  meet sta nda rds set by the Yuko n Geo lo gica l Survey. Fo r exa mple, we ha ve a dded so me perma fro st pro cess
subcla sses to  a cco mo da te the wider va riety o f perma fro st fea tures fo und in Yuko n. W e ha ve a lso  a dded a n a ge cla ssifica tio n to
distinguish ma teria ls depo sited during different P leisto cene gla cia tio ns.
A sa mple ma p unit la bel is sho wn belo w to  illustra te the terra in cla ssifica tio n system. Surficia l ma teria ls fo rm the co re o f the po lygo n
ma p unit la bels a nd a re symbo lized with a  single upper ca se letter. L o wer ca se textures a re written to  the left o f the surficia l ma teria l,
a nd lo wer ca se surfa ce expressio ns a re written to  the right. An upper ca se a ctivity qua lifier (A = a ctive; I = ina ctive) ma y be sho wn
immedia tely fo llo wing the surficia l ma teria l designa to r. The gla cia l qua lifier "G" ma y a lterna tively be written immedia tely fo llo wing the
surficia l ma teria l to  indica te gla cia lly mo dified ma teria ls. Age is indica ted by a  ca pita l letter tha t fo llo ws the surfa ce expressio n but
precedes the pro cess mo difiers. Geo mo rpho lo gica l pro cesses (ca pita l letters) a nd subcla sses (lo wer ca se letters) a lwa ys fo llo w a
da sh symbo l ("-").

C O M P O SITE  SYM BO L DE L IM ITE R S:
Due to  sca le limita tio ns, up to  4 terra in units ma y be included in a  single ma p unit la bel (e.g. sgFGptM .dsmM bM /xsC v\zcL GpM -XsV).
E a ch co mpo nent is sepa ra ted by a  delimiter tha t indica tes rela tive pro po rtio ns between the co mpo nents (".", "/", "//") o r a
stra tigra phic rela tio nship "\").
"." - terra in units o n either side o f the symbo l a re o f a ppro xima tely equa l pro po rtio n
"/" - terra in unit(s) befo re the symbo l is mo re extensive tha n the o ne(s) fo llo wing
"//" - terra in unit(s) befo re the symbo l is co nsidera bly mo re extensive tha n the o ne(s) fo llo wing
"\" - terra in unit(s) befo re the "\" symbo l stra tigra phica lly o verlies the o ne(s) fo llo wing

TERRAIN CLASSIFICATION SYSTEM

GE O M O R P HO L O GIC AL P R O C E SS(E S) (-X = perma fro st)
                                       SUBC L ASS(E S) (s = sheetflo w)

Q UAL IFIE R  (G = gla cia l; A = a ctive; o r I = ina ctive)
SU R FIC IAL M ATE R IAL (F = fluvia l)
TE XTU R E  (sg = sa nd, gra vel)

sgFGptM-Xs

$

$

$ $ $

SU R FAC E  E XP R E SSIO N (pt = pla in, terra ce)

$ AGE  (M  = M cC o nnell)

1st terra in unit 3rd terra in unit2nd terra in unit
>50% o f ma p unit 30-49% o f ma p unit 10-29% o f ma p unit

Underlying terra in unit

Surficia l ma teria ls a re no n-lithified, unco nso lida ted sediments. They a re pro duced by wea thering, sediment depo sitio n, bio lo gica l
a ccumula tio n, huma n a nd vo lca nic a ctivity.  In genera l, surficia l ma teria ls a re o f rela tively yo ung geo lo gica l a ge a nd they co nstitute
the pa rent ma teria l o f mo st (pedo lo gica l) so ils. N o te tha t a  single po lygo n will be co lo ured o nly by the do mina nt surficia l ma teria l, but
o ther ma teria ls ma y exist in tha t unit.

SURFICIAL MATERIALS

Gla cio fluvia l: M a teria ls depo sited by gla cia l meltwa ter either pro gla cia lly o r in co nta ct with gla cier ice. Typica lly
po o rly to  mo dera tely so rted, po o rly bedded, a nd co mpo sed o f a  wide ra nge o f pa rticle sizes. A silty sa nd ma trix is
co mmo n. Fea tures tha t indica te co lla pse o f ma teria l during melting o f suppo rting ice include slump structures a nd
hummo cky o r irregula r terra in. L a ndfo rms include pla ins, terra ces, fa ns, bla nkets a nd veneers.

TEXTURE

M o ra ina l (till): M a teria l depo sited directly by gla cier ice witho ut mo difica tio n o f o ther a gent o f tra nspo rt. C a n be
tra nspo rted benea th, beside, o n, within a nd in fro nt o f a  gla cier. C ha ra cteristics a re highly va ria ble a nd depend o n
the ma teria l so urce. Alpine till co nta ins do mina ntly suba ngula r lo ca l qua rtzite, phyllite a nd ga bbro . Ice sheet till is
distinguished by the presence o f ro unded gra nite co bbles fro m the nea rby R o o p L a kes pluto n. Depo sits ra nge fro m
being well co mpa cted (ba sa l till) to  no n-co mpa cted (melt-o ut a nd a bla tio n till), no n-stra tified, a nd co nta ining a
hetero geneo us mixture o f pa rticle sizes. L a ndfo rms include bla nkets, veneers, hummo cks, ridges, terra ces a nd

R

P R E -Q UATE R NAR Y
Bedro ck: Bedro ck o utcro ps a nd ro ck co vered by a  thin ma ntle (up to  10 cm thick) o f unco nso lida ted o r o rga nic
ma teria ls a nd include sca rps. Bedro ck is co mpo sed o f wea thered grey to  bla ck phyllite a nd grey to  beige qua rtzite o f
the M ississippia n K eno  Hill Fo rma tio n. The bedro ck is fra ctured, fo lded a nd fo lia ted, a nd ho sts minera lized qua rtz
veins. Veins co nta in fine to  co a rse-gra ined qua rtz, milky white qua rtz, o r qua rtz breccia . M inera lized zo nes a re
highly o xidized. L a ndfo rms include ridges a nd steep slo pes.

Gla cio la custrine: L a custrine sediment depo sited in o r a lo ng ma rgin o f gla cia l ice-da mmed la kes. L a kebed sediments
co nsist o f stra tified fine sa nd, silt a nd/o r cla y. L a ndfo rms include pla ins, bla nkets a nd veneers. Depo sits a re
co nto rted where fo rmer a lpine gla ciers a dva nced into  the gla cia l la ke a nd o verro de the la ke bo tto m sediment.

LATE  W ISC O N SIN - M cC O N N E L L (M )
So urces o f M cC o nnell till o rigina te fro m lo ca l a lpine gla ciers tha t fo rmed in the Gusta vus R a nge a nd the Selwyn
L o be o f the C o rdillera n Ice Sheet fro m the ea st.

Geo mo rpho lo gica l  pro cesses a re na tura l mecha nisms o f wea thering, ero sio n a nd depo sitio n tha t result in the mo difica tio n o f
the surficia l ma teria ls a nd la ndfo rms a t the E a rth’s surfa ce.  Unless a  qua lifier (A (a ctive) o r I (ina ctive)) is used, a ll
pro cesses a re a ssumed to  be a ctive, except fo r degla cia l pro cesses. U p to  three upper ca se letters ma y be used to  indica te
pro cesses. These a re listed in o rder o f decrea sing impo rta nce a nd pla ced a fter the surfa ce expressio n symbo l, fo llo wing a
da sh (-) symbo l.
Subcla sses a re used to  pro vide mo re specific info rma tio n a bo ut a  genera l geo mo ro pho lo gica l pro cess, a nd a re represented
by lo wer ca se letter(s) pla ced a fter the rela ted pro cess designa to r. U p to  two  subcla sses ca n be a sso cia ted with ea ch
pro cess. P ro cess subcla sses used o n this ma p a re defined with the rela ted pro cess belo w.
The symbo l " is used a fter -R  a nd -F to  specify the po lygo n tha t co nta ins the initia tio n zo nes o f ma ss mo vements.

GEOMORPHOLOGICAL PROCESSES

E R O SIO NAL P R O C E SS E S
V - Gully ero sio n: R unning wa ter, ma ss mo vement a nd/o r sno w a va la nching, resulting in the fo rma tio n o f  pa ra llel a nd 
subpa ra llel, lo ng, na rro w ra vines.

b - bla nket: a  la yer o f unco nso lida ted ma teria l thick eno ugh (>1 m) to  ma sk mino r irregula rities o f the surfa ce o f the
underlying ma teria l, but still co nfo rms to  the genera l underlying to po gra phy; o utcro ps o f the underlying unit a re ra re
f - fa n: secto r o f a  co ne with a  slo pe gra dient less tha n 15° (26%) fro m a pex to  to e; lo ngtitudina l pro file is smo o th a nd
stra ight, o r slightly co nca ve/co nvex
h - hummo ck:  steep sided hillo ck(s) a nd ho llo w(s) with multidirectio na l slo pes do mina ntly between 15-35° (26-70%) if
co mpo sed o f unco nso lida ted ma teria ls, wherea s bedro ck slo pes ma y be steeper; lo ca l relief >1 m; in pla n, a n a ssembla ge
o f no n-linea r, genera lly cha o tic fo rms tha t a re ro unded o r irregula r in cro ss-pro file; co mmo nly a pplied to  kno b-a nd-kettle
gla cio fluvia l terra in
p - pla in:  a  level o r very gently slo ping, unidirectio na l (pla na r) surfa ce with slo pes 0-3° (0-5%); relief o f lo ca l surfa ce
irregula rities genera lly <1 m; a pplied to  (gla cio )fluvia l flo o dpla ins, o rga nic depo sits, la custrine depo sits a nd till pla ins
r - ridge:  elo nga te hillo ck(s) with slo pes do mina ntly 15-35° (26-70%) if co mpo sed o f unco nso lida ted ma teria ls; bedro ck
slo pes ma y be steeper; lo ca l relief is >1 m; in pla n, a n a ssembla ge o f pa ra llel o r sub-pa ra llel linea r fo rms; co mmo nly a pplied
to  drumlinized till pla ins, eskers, mo ra ina l ridges, creva sse fillings a nd ridged bedro ck
t - terra ce:  a  single o r a ssembla ge o f step-like fo rms where ea ch step-like fo rm co nsists o f a  sca rp fa ce a nd a  ho rizo nta l o r
gently inclined surfa ce a bo ve it; a pplied to  fluvia l a nd la custrine terra ces a nd stepped bedro ck to po gra phy
v - veneer:  a  la yer o f unco nso lida ted ma teria ls to o  thin to  ma sk the mino r irregula rities o f the surfa ce o f the underlying
ma teria l; 10 cm - 1 m thick; co mmo nly a pplied to  eo lia n/lo ess veneers a nd co lluvia l veneers

Surfa ce expressio n refers to  the fo rm (a ssembla ge o f slo pes) a nd pa ttern o f fo rms expressed by a  surficia l ma teria l a t the
la nd surfa ce.  This three-dimensio na l sha pe o f the ma teria l is equiva lent to  'la ndfo rm' used in a  no n-genetic sense (e.g.,
ridges, pla in).  Surfa ce expressio n symbo ls a lso  describe the ma nner in which unco nso lida ted surficia l ma teria ls rela te to
the underlying substra te (e.g., veneer).  Surfa ce expressio n is indica ted by up to  three lo wer ca se letters, pla ced
immedia tely fo llo wing the surficia l ma teria l designa to r, listed in o rder o f decrea sing extent.

SURFACE EXPRESSION

D
W ea thered bedro ck: Bedro ck deco mpo sed o r disintegra ted in-situ by mecha nica l a nd/o r chemica l wea thering a nd
do es no t a pply to  depo sits subject to  mo vement by gra vity. The cha ra cter depends o n pro cesses a cting o n the ro ck.
M echa nica l wea thering thro ugh fro st sha ttering (perigla cia l wea thering) is the do mina nt pro cess a nd results in the
crea tio n o f a ngula r fra gments. Includes blo ckfields o r 'felsenmeer' tha t do  no t indica te do wnslo pe mo vement. O ther
indica to rs include pa tterned gro und fo rmed by fro st churning. L a ndfo rms a re veneers a nd bla nkets a nd a re fo und o n
fla t, upla nd surfa ces.

MARGINAL NOTES
INTR O DU C TIO N
The Gra nite C reek ma p a rea  includes the so uthwest sectio n o f the Gusta vus R a nge. This a rea  ho sts summits a ppro xima tely 2000
m in eleva tio n such a s M t. Hinto n a nd M t. Albert. Gra nite a nd Albert creeks dra in to  the ea st into  R o o p L a kes, thro ugh the wide, u-
sha ped lo wer Gra nite C reek va lley. K eysto ne C reek flo ws to  the west in a  na rro w, bedro ck-co ntro lled va lley. Upper Gra nite C reek
begins in a  cirque o n the so uthea st fla nk o f M t. Hinto n (Fig. 1), a nd is jo ined by Albert C reek, which flo ws no rthwa rd fro m M t.
Albert (Fig. 2). L o wer Gra nite creek flo ws thro ugh the middle o f the va lley, depo siting mo dern fluvia l gra vel a nd a  bla nket o f
o rga nic ma teria l o n the flo o dpla in. Till fro m fo ur a lpine so urces, a s well a s fro m the C o rdillera n Ice Sheet (C IS), bla nket the lo wer
va lley a nd intermix with gla cio la custrine sa nd a nd silt. Gla cio la custrine sediment ca n a lso  be fo und ca pping mo ra ines, a nd o n
va lley wa lls a bo ve la tera l mo ra ines depo sited when the C IS a dva nced up lo wer Gra nite C reek va lley. Gla cio fluvia l gra vel fo rms a
pro gla cia l fa n where the fo rmer Gra nite C reek a lpine gla cier termina ted a nd meltwa ter cha nnels ma rk mo st fo rmer ice ma rgins o f
the C IS. Till fro m the mo st recent gla cia tio n is fo und in a lpine gla cier a nd C o rdillera n Ice Sheet mo ra ines (Fig. 3), a s well a s in
cirque va lleys a s bla nkets a nd veneers where preserved. L o ess fo rms bla nkets o n mo st gentle slo pes, which a llo ws fo r its
preserva tio n (Fig. 4). C o lluvium veneers, bla nkets, a nd fa ns fo rm belo w steep slo pes with a ctive ro ckfa ll. Bedro ck o utcro ps a lo ng
steep cirque hea dwa lls a nd in cirque va lleys, a s well a s in K eysto ne C reek where fluvia l do wncutting pro cesses a re a ctive. Sto ne
stripes fo rmed by fro st hea ving (Fig. 5) a re fo und o n gentle slo pes. Fla t upla nd surfa ces ho st wea thered bedro ck (Fig. 6) a nd mud
bo ils.

GLAC IAL HISTO R Y
The study a rea  wa s gla cia ted by the Selwyn L o be o f the C o rdillera n Ice Sheet (C IS), which flo wed west-no rthwest (Hughes et a l.,
1969). As in the rest o f the Yuko n, gla ciers were la rgely to po gra phica lly co ntro lled, with widesprea d nuna ta ks (J a ckso n et a l.,
1991). Gla ciers ema na ted o ut o f upla nd a rea s such a s the Selwyn M o unta ins a nd lo ca l cirques. Fo ur a lpine gla ciers fo rmed within
the study a rea . The Gra nite C reek a nd ‘ea st Gra nite’ cirques pro duced ice tha t flo wed so uth, wherea s the Albert C reek a nd ‘ea st
Albert’ cirques pro duced ice tha t flo wed no rth into  Gra nite C reek.
During the la st gla cia tio n in the study a rea , the C IS flo wed west a nd a dva nced up lo wer Gra nite C reek to  within 500 m o f the
Gra nite C reek a lpine gla cier limit. This blo cked the dra ina ge a nd ca used wa ter to  o verto p the divide a nd flo w west thro ugh the
K eysto ne C reek va lley. Due to  the blo cka ge, lo ca l a lpine gla ciers flo wed into  a  pro gla cia l la ke. M o ra ines representing the
ma ximum extent o f this a lpine a dva nce a re subdued beca use o f the flo a ting ma rgin, wherea s well-defined a lpine mo ra ines
represent a  recessio na l pha se. E vidence o f ea rlier gla cia tio ns is preserved in the subsurfa ce nea r the ma rgins o f the M IS 2 (29 -
11.7 ka ) limits. This includes till a nd gla cio fluvia l depo sits fro m the M IS 4 gla cia tio n (71 – 57 ka ) a nd ra re till fro m the M IS 6
gla cia tio n (191 – 123 ka ).

C HR O N O L O GY
O ptica lly stimula ted luminescence (O SL ) da tes indica te tha t o ne gla cia l depo sit da tes to  68.0 ± 18.4 ka  (Ta ble 1). A sa mple ta ken
fro m lo ess dra ped o n a  degla cia l mo ra ina l la ndfo rm da tes to  51.3 ± 3.5 ka  a nd the pa leo so l fo rmed o n this lo ess da tes to  32.5 ±
2.4 ka . The M IS 2 limit o f the Selwyn L o be o f the C IS wa s previo usly da ted using terrestria l co smo genic nuclides (TC N), a nd
degla cia tio n is esta blished a t 15.9 ± 0.8 ka  (W a rd a nd Bo nd, unpublished da ta ). L o ess fro m the mo st recent gla cia tio n da tes
a lpine degla cia tio n prio r to  12.1 ± 0.8 ka .  Severa l units were sa mpled fo r ra dio ca rbo n da ting but a ll sa mples were fo und to
represent rewo rked ma teria l.

GE O M O R P HIC  P R O C E SSE S
Gullying o ccurs o n va lley sides thro ugh till bla nkets likely depo sited by the C IS a nd in bedro ck o f cirque hea dwa lls. R o ckfa ll is
co mmo n a lo ng steep sca rps o f cirque wa lls deepened during the la st gla cia tio n. So lifluctio n is widesprea d o n gentler slo pes
bla nketed by fine-gra ined ma teria l. C ryo turba tio n is co mmo n a nd results in the fo rma tio n o f sto ne stripes (Fig. 5) in cirque va lleys
a nd widesprea d fro st hea ving o f bedro ck fra gments. M a ny la tera l mo ra ines depo sited by the ice sheet ha ve been cha nneled by
meltwa ter a nd exhibit irregula r dra ina ge netwo rks.

P E R M AFR O ST
P erma fro st wa s enco untered in o nly o ne pla cer mining exca va tio n, but likely exists in ma ny regio ns in the ma p a rea . Two  ro ck
gla ciers were identified during helico pter tra verses, o ne o n a  no rth-fa cing  a nd o ne o n a  west-no rthwest-fa cing cirque.

P L AC E R  M INING AND GE O L O GY
Gra nite C reek ha s been mined since 2015, but explo ra tio n a nd ma pping wo rk in the K eno  Hill mining ca mp bega n in the la te
1880s (Bo yle, 1965). P la cer mining ha s fo cused o n upper Gra nite a nd Albert creeks, a nd lo wer K eysto ne C reek to  the so uth o f the
study a rea  (Figure 2).  M inera liza tio n within the lo ca l K eno  Hill Q ua rtzite is the prima ry go ld so urce. This includes o xidized a nd
breccia ted milky qua rtz veins. M ultiple go ld-bea ring units a re present in the Gra nite C reek va lley, a nd were previo usly studied by
L eBa rge et a l. (2002). These ca n be gro uped into  mo dern, intergla cia l/intersta dia l a nd gla cia l depo sits (Steinke et a l., 2022).
Alpine ba sa l till depo sits ha ve pro duced nuggety pla cer go ld where the fo rmer a lpine gla cier rewo rked enriched strea m depo sits
a nd minera liza tio n bedro ck nea r the mo uth o f the cirque. Gla cio fluvia l gra vel depo sited during the a dva nce sta ges o f a lpine
gla cia tio n a lso  co nta in eco no mic co ncentra tio ns o f pla cer go ld, ho wever tend to  be lo wer gra de. So me o f the highest
co ncentra tio ns o f pla cer go ld a re fo und in buried intergla cia l/intersta dia l strea m depo sits.  They a re thin a nd so mewha t
disco ntinuo us due to  gla cia l ero sio n, but ca n be highly pro spective. M o dern (Ho lo cene) pla cer depo sits a re fo und a lo ng Gra nite
a nd Albert creeks, a nd a re mo re enriched to wa rd their bo tto m co nta ct o n a  fa lse bedro ck o f gla cia l sediment.

Figure 2: A view lo o king so uthea st do wn upper Gra nite
C reek to wa rd the pla cer mine wo rkings. Albert C reek is
visible in the ba ckgro und right.

Figure 4: L o ess bla nket (bro wn silt) o n lo wer slo pe o f
Gra nite C reek cirque o verlying co a rse a lpine gla cia l
o utwa sh gra vel a nd M IS 2 till. The to p o f the sectio n is
co vered with a nthro po genic ma teria l.

Figure 5: Blo cky qua rtzite bo ulders fo rming a  sto ne
stripe (a ppro xima tely 1.5 m to  2 m thick) in the Gra nite
C reek cirque due to  fro st hea ving. Sto ne stripes a re
widesprea d in the ma p a rea .

M G E AR L Y W ISC O NSIN – GLADSTO N E  (G)
Till fro m the Gla dsto ne gla cia tio n underlies M cC o nnell depo sits, pa rticula rly nea r the limit o f M cC o nnell a lpine
gla cia tio n in Gra nite C reek.

M R IL L IN O IAN-R E ID (R )
The R eid gla cia tio n wa s mo re extensive tha n the Gla dsto ne a nd M cC o nnell gla cia tio ns. R eid-a ge erra tics were
previo usly no ted a bo ve the M cC o nnell gla cia l limit o n sta ble surfa ces a t eleva tio ns o f 1615 m a nd 1645 m (Bo nd,
1999 a nd 1998). P reserva tio n po tentia l o f R eid till is lo w a nd o nly fo und o utside the M cC o nnell gla cia tio n limits a nd

E AR L Y W ISC O NSIN – GLADSTO N E  (G)
Gla dsto ne gla cio fluvia l depo sits were o nly do cumented in sectio n underlying L a te W isco nsina n depo sits o n Gra nite
C reek.

FG>G

FGM L ATE  W ISC O N SIN - M cC O N N E L L (M )O utwa sh gra vel depo sited during a dva nce a nd retrea t o f a lpine gla ciers. Gla cier a dva nce o utwa sh is typica llyo verla in by mo re recent depo sits wherea s retrea t o utwa sh is present nea r surfa ce a s pla ins, terra ces a nd fa ns.
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Figure 1: Aeria l view o f Gra nite C reek cirque a nd M t. Hinto n.
The hea dwa ll is a  zo ne o f a ctive ero sio n is visible by the
co lluvium co nes a nd fa ns a t the ba se o f the ro ck cliff.
Bla nkets o f o rga nic ma teria l fo rm in lo ca lized ba sins.

Figure 3: L a tera l mo ra ine depo sited by the C o rdillera n Ice
Sheet a lo ng the Gra nite C reek va lley side. M eltwa ter
cha nnels ha ve cut thro ugh the till bla nket, crea ting ro lling
to po gra phy.

Figure 6: W ea thered bedro ck veneers a re co mmo n o n
summits a nd upla nd slo pes.
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L ATE  W ISC O N SIN - M cC O N N E L L (M )
An ice-ma rgina l la ke fo rmed when the dra ina ge o f Gra nite a nd Albert creeks wa s blo cked by the Selwyn L o be o f the
C o rdillera n Ice Sheet during the M cC o nnell (M IS 2) gla cia tio n. This la ke inunda ted a  po rtio n o f the Gra nite C reek
va lley bo tto m, but preserva tio n is va ria ble due to  degla cia l ero sio na l pro cesses. Sho relines a sso cia ted with this la ke
a t gla cia l ma ximum a re ma pped.

Specific cla stic textures
a  - blo cks: a ngula r pa rticles >256 mm in size
b - bo ulders: ro unded pa rticles >256 mm in size
k - co bbles: ro unded pa rticles 64 - 256 mm in size
p - pebbles: ro unded pa rticles 2 - 64 mm in size
s - sa nd: pa rticles between 0.0625 - 2 mm in size
z - silt: pa rticles 2 µm - 0.0625 mm in size
c - cla y: pa rticles ≤ 2 µm in size
C o mmo n cla stic textura l gro upings
d - mixed fra gments:  a  mixture o f ro unded a nd a ngula r pa rticles  >2 mm in size
x - a ngula r fra gments: a  mixture o f a ngula r fra gments >2 mm in size (i.e., a  mixture o f blo cks a nd rubble)
g - gra vel: a  mixture o f two  o r mo re size ra nges o f ro unded pa rticles >2 mm in size (e.g., a  mixture o f bo ulders, co bbles
a nd pebbles); ma y include interstitia l sa nd
m - mud: a  mixture o f silt a nd cla y; ma y a lso  co nta in a  mino r fra ctio n o f fine sa nd
O rga nic terms
o  - o rga nic: genera l o rga nic ma teria ls

Texture refers to  the size, sha pe a nd so rting o f pa rticles in cla stic sediments, a nd the pro po rtio n a nd degree o f
deco mpo sitio n o f pla nt fibre in o rga nic sediments. Texture is indica ted by up to  three lo wer ca se letters, pla ced immedia tely
befo re the surficia l ma teria l designa to r, listed in o rder o f decrea sing a bunda nce.

FL U VIAL P R O C E SS E S
I - Irregula rly sinuo us cha nnel:  A clea rly defined ma in cha nnel displa ying irregula r turns a nd bends witho ut repetitio n o f 
simila r fea tures; ba ckcha nnels ma y be co mmo n, a nd mino r side cha nnels a nd a  few ba rs a nd isla nds ma y be present, but 
regula r a nd irregula r mea nders a re a bsent.

C  - C ryo turba tio n:  M o vement o f surficia l ma teria ls by hea ving a nd/o r churning due to  fro st a ctio n (repea ted freezing a nd 
tha wing).
S - So lifluctio n: Slo w gra vita tio na l do wnslo pe mo vement o f sa tura ted no n-fro zen o verburden a cro ss a  fro zen o r o therwise
impermea ble substra te.
Z -  Genera l perigla cia l pro cesses: So lifluctio n, cryo turba tio n a nd niva tio n, po ssibly o ccuring in a  single po lygo n.

P E R IGL AC IAL P R O C E SS E S

HYDR O L O GIC AL P R O C E SS E S
P ro cesses co ntro lled by the presence o f wa ter:
U - Inunda tio n: Area s a ffected sea so na lly by sta nding wa ter resulting fro m a  high wa ter ta ble.
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Ta ble 1: Geo chro no lo gica l results fro m the study a rea

SYMBOLS
GE O L O GIC AL BO U NDAR IE S:
defined
a ppro xima te

AGE  O F GLAC IAL FE ATU R E S:
M cC o nnell (M ) - la te W isco nsin
Gla dsto ne (G) - ea rly W isco nsin
R eid (R ) - Illino ia n
P re-R eid (>R ) - ea rly to  middle P leisto cene
a ge unspecified
GLAC IAL FE ATU R E S:
mo ra ine ridge
meltwa ter cha nnel
cirque
a rête
esker
GLAC IAL L IM ITS:
defined
a ppro xima te
a ssumed
O THE R  L IN E AR  FE ATU R E S:
esca rpment
cro ss-sectio n
stra ndline
TO P O GR AP HIC  FE ATU R E S:
co nto urs
strea ms
tra ils
wetla nds
la kes
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O THE R  SU R FAC E  FE ATU R E S:

o pen system pingo ; unco lla psed, co lla psed

to r

drumlin (co lo ured by gla cia l a ge)

cryo pla na tio n terra ce

kettle

la ndslide, a ctive la yer deta chment

pa lsa

thermo ka rst po nd

pla cer mine

Yuko n minera l o ccurrence
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GR O U ND O BSE R VATIO N SITE S:
(la belled with site number, e.g. GR C -06)

field sta tio n
stra tigra phic sta tio n
ra dio ca rbo n sa mple
till sa mple
hea vy minera l sa mple
fro zen gro und
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GR C -01S
GR C -01W

GR C -03D

GR C -02W  a nd 02N

GR C -02S GR C -05L

GR C -05U

GR C -03A

GR C -04W
GR C -04E

E

E

GR C -03H
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* Yello w sta rs indica te rela tive pla cer go ld co ncentra tio n.
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This pro ject to o k pla ce in the Tra ditio na l Territo ry o f the N a -C ho  Nyäk Dun First N a tio n. The a utho rs wo uld like to  tha nk
Gra nite C reek R eso urces, Dula c M ining, E a rth a nd Iro n M ines L td., Gem Steel E dmo nto n L td., a nd Archer, C a thro  &
Asso cia tes (1981) L imited fo r a ccess to  mining expo sures, ho spita lity a nd kno wledge. W e tha nk K enya  Fra nz fo r pro viding
field a ssista nce. Leyla  W esto n kindly co mpleted a  tho ro ugh edit o f the ma p. C ha d C o te a nd Ba iley Sta ffen a ssisted with the
geo da ta ba se a nd ca rto gra phy. This study wa s suppo rted by the Yuko n Geo lo gica l Survey, the Na tura l Sciences a nd
E ngineering R esea rch C o uncil o f C a na da  a nd P o la r C a na da ’s No rthern Scientific Tra ining P ro gra m.
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E o lia n: M a teria ls tra nspo rted a nd depo sited by wind a ctio n. Gra in sizes a re medium to  fine sa nd a nd silt, well
so rted, no n-co mpa cted, a nd ma ssive. Thickness o f eo lia n depo sits is highly va ria ble a nd ra nge fro m a  few
centimetres to  o ver 2 m in thickness. P reserva tio n is mo st co mmo n in fla t-lying a rea s a nd lo wer slo pes. Depo sits
fo rm bla nkets a nd veneers.

E

C o lluvium: M a teria ls tha t ha ve rea ched their present po sitio n due to  gra vity-induced mo vement (ma ss wa sting
pro cesses) with no  a gent o f tra nspo rta tio n such a s wa ter o r ice. M a ss wa sting pro cesses include creep, so lifluctio n,
la ndslides a nd ro ck fa lls. Typica l gra in sizes depend o n the pro cesses invo lved with depo sitio n, fo r exa mple
so lifluctio n results in fine-gra ined ma teria ls, a nd ro ck fa lls result in la rge, a ngula r blo cky depo sits. L a ndfo rms a re
veneers, bla nkets, co nes a nd fa ns. C o lluvium ca n be difficult to  distinguish fro m a lpine till due to  the unco nso lida ted
a nd po o rly so rted cha ra cteristics o f bo th depo sits.

C

HO L O C E N E
O rga nic: O rga nic ma teria l resulting fro m the a ccumula tio n o f vegeta tive ma tter. C o nta ins a t lea st 30% o rga nic
ma tter by weight (17% o r mo re o rga nic ca rbo n). Sa tura ted o rga nic sediments include bo g, fen a nd swa mp depo sits.
R a rely sa tura ted o rga nics include fo rest flo o r a ccumula tio ns o verlying bedro ck. L a ndfo rms include pla ins, a nd
depo sits a lso  fo rm bla nkets a nd veneers.

O

Fluvia l: M a teria ls tra nspo rted a nd depo sited by strea ms; syno nymo us with a lluvia l. C o nsist o f gra vel, sa nd, a nd/o r
silt. Gra vel co nta ins subro unded cla sts a nd ha s a  sa ndy ma trix. In cirque va lleys, depo sits tend to  be co a rser
gra ined a nd do  no t exhibit stra tifica tio n. Dista l fro m the cirques, the depo sits a re finer gra ined a nd exhibit so me
stra tifica tio n. L o w energy cha nnels a nd flo o dpla in surfa ces co nta in fine-gra ined sediments. L a ndfo rms include pla in,
terra ces a nd veneers.

FA

F

M ASS M O V E M E N T P R O C E SS E S
F - Slo w ma ss mo vements: Slo w do wnslo pe mo vement o f ma sses o f co hesive o r no n-co hesive surficia l ma teria l a nd/o r 
bedro ck by creeping, flo wing o r sliding.
R  - R a pid ma ss mo vements:  R a pid do wnslo pe mo vement by fa lling, ro lling, sliding o r flo wing o f dry, mo ist o r sa tura ted debris 
derived fro m surficia l ma teria l a nd/o r bedro ck.

DE GL AC IAL P R O C E SS E S
E  - C ha nneled by meltwa ter:  E ro sio n a nd cha nnel fo rma tio n by meltwa ter a lo ngside, benea th, o r in fro nt o f a  gla cier.
H - K ettled:  Depressio ns in surficia l ma teria ls resulting fro m the melting o f buried gla cier ice.
T - Ice co nta ct: L a ndfo rms tha t develo ped in co nta ct with gla cier ice such a s ka mes.
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