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Introduction
Knowledge of thaw sensitive terrain is required to develop climate-resilient northern infrastructure, identify potential Dye— km o A :
. o . . . A [ Periglacial Features Borehole Information
geohazards, inform decisions regarding resource development, and make inferences on past and future landscape evolution. CORONATION GULF 0 2 4 6 8 :
s . : ) ) . ; . || Hydrological Features ® Geotechnical l
However, little is known about permafrost conditions in the northern Slave Geological Province (Fig. 1a). The region has rich B [ satelite 1 ey tent eotechnica oA s
mineral resources and great northern economic development potential, including the proposed Grays Bay Port and Road (Fig. Gy — atetll ‘? magery ’_‘e” % O  Geotechnical and Temperature NS
2). To address this knowledge gap, we use a periglacial landsystems approach to attempt to understand how the region's + — 4 2 km Highway Corridor " RO ST § : ‘
landscape and thaw-sensitive terrain was formed. Our research considers the relations between sediments and permafrost- Proposed Highway %3@(5 ) FN
related landforms that constitute the landscape of northern Slave Geological Province. Future work will link these assemblages Surficial Geology '
to the processes that form them. The ultimate goal is to enable inferences on past and future landscape evolution supported A: Alluvial sediments - Undifferentiated sediments (all N
by process-form models established from present-day conditions. Here we present and discuss preliminary mapping results. Af: Alluvial sediments - Fan sediments (all)
Ap: Alluvial sediments - Floodplain sediments (all)
At: Alluvial sediments - Terraced sediments (all)
E: Eolian sediments - Undifferentiated sediments (all) \
BaCkg ro u n d GF: Glaciofluvial sediments - Undifferentiated sediments (all) I
Permafrost is continuous in the region (Heginbottom et al. 1995) and where it occurs in unconsolidated deposits it contributes GFe: Glaciofluvial sediments - Ice-contact sediments (all) I’
to landscape stability through ice-bonding of sediments. The stability and integrity of such permafrost are dominantly functions GFf: Glaciofluvial sediments - Outwash fan sediments (all) y
of ground temperature, materials, and ice content, which are a function of landscape history (e.g., O'Neill et al. 2019). GFp: Glacioflvial sediments - Qutwash plain sediments (sl) /
P . . . . . GFr: Glaciofluvial sediments - Esker (all)
otentially deleterious effects of permafrost thaw include decreased load-bearing capacity, ground surface settlement, and . Gacioial seciments - Toraced sedments (al) (
initiation of geomorphic processes from the melt of ground ice that transport sediment and water. In a rapidly changing 6L Glaciolacustrine sediments - Undifferentiated sediments (al) :
northern climate, these adjustments to thaw are potentially major geohazards for northern infrastructure, however, differential GLd: Glaciolacustrine sediments - Deltaic sediments (all
effects are expected due to the heterogeneous distribution of surficial materials. O'Neill et al. (2020) estimate that ground ice W GLm: Glaciolacustrine sediments - Subagueous moraine complex (all)
abundance (excess ice volume in the top 5 m of permafrost) in the region ranges from none to high (> 20-30 %), but what little B GLr: Glaciolacustrine sediments - Beach sediments (all
is known about in situ permafrost conditions is largely derived from sparse sedimentological and cryostratigraphic records G Glacomarine sediments - Delaic sedimens (al)
. . Isn: Glacial Ice or Snowpack - Snowpacks (all
(e.g., Kerr et al. 1996, Wolfe et al. 1997a, 1997b, SRK 2003, BGC 2005, 2006; Fig. 3b). Dredge et al. (1999) related surficial o packe - snowpacks (3l
] ] .. . . ] M: Marine sediments - Undifferentiated sediments (all)
materials and landforms to ground ice conditions where these records were available, and the potential for mapping the Mb: Marine seciments - Blanket (al)
presence of massive ice in granular deposits has been assessed with air photos at a limited set of locations (AGRA Earth and Mn: Marine sediments - Littoral and nearshore sediments (all)
Environmental 1998), but there has been no regional landform-sediment assemblage mapping. O: Organic deposits - Undifferentiated deposits (all)
R: Bedrock - Undifferentiated (all)
Tb: Glacial sediments - Blanket (all)
Th: Glacial sediments - Hummaocky till (all)
MEth Ods . , . o . N Tv: Glacial sediments - Veneer (all) ia
Our mapping zone is the ~1600 km~ area that is generally within a 5 km buffer of the proposed Grays Bay Road corridor (some
image areas extended beyond the buffer, Fig. 1a). Periglacial and hydrological features were mapped using satellite images
and a Digital Elevation Model (DEM) and a mapping methodology developed for the Dempster Highway and Inuvik-to-
Tuktoyaktuk Highway corridors (Sladen et al. 2021a). The methodology prescribes feature identification at a scale of 1:10000,
with digitization at a scale of 1:5000. We modified the methodology to include deposits with depressions and terracing that B oo 40km
indicate previous thermokarst activity and slope movement (Dredge et al. 1999), and used available high resolution e r e
. . . . _ . . s~ W5 S
WorldView-1, -2, and -3 satellite imagery (acquired from Digital Globe, Inc.) and ArcticDEM (Porter et al. 2018) as inputs. @,&% /
Jericho Mine Site
Results and Discussion
The satellite imagery acquired covers 72% of the study corridor (Fig. 1a). We delineated 110 periglacial and 5 hydrological
features. Due to widespread bedrock outcropping and low relief with stable slopes in the Grays Bay Road corridor, the density
of features is substantially lower than for terrain mapped in the Dempster Highway and Inuvik-to-Tuktoyaktuk Highway
corridors where surficial deposits can be comparatively extensive and there is mountainous relief with unstable slopes (Sladen %,
. [«
et al. in press). o,
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Mapped periglacial landforms (Fig. 3a), are mostly ice-wedge polygon networks (IPN; ~81%; 15.91 km?, Fig. 4), and the [ Periglacial Features
remainder are irregularly elongated (stretched appearance) ice-wedge polygon networks (EIPN) with depressions and || Hydrological Features
terracing (3.78 km®). IPN and EIPN occur in 16 types of surficial materials (Fig. 4). IPN are widespread on marine sediments at [ satellite Imagery Extent | 5o i VERfder ‘, N )
: \ . ) . : ) : : — " v
the (_:oast (Fl_g. 3a), bl_Jt are _also common on glaciofluvial outwash plaln_and undllfferenhated sedlments,_organlc deposﬂs,_ "~ " 5 km Highway Corridor \& NU./ NT Border L1 N \&
glaciolacustrine deltaic sediments, and glacial blanket and hummocky till deposits. EIPN are almost entirely associated with Proposed Highway NS s e k) ‘\ R e
. . . . . . . . . . . . ~ ~
glaciofluvial ice-contact and esker deposits, but also occur in glaciolacustrine undifferentiated and deltaic deposits and in 0510 20 30 40 N ¢
alluvial terrace sediments. Although glacial till veneer and hummocky till are the most widespread sediments in the region, the
eXte,n_t of IPN and EIPN mOStIy reflect the dIStrIbUtIOI’I. of the other, less extensive surficial de_pOSItS' H(?WGVGF, for a given Figure 1. (a) Location of the Grays Bay Road corridor study area within the northern Slave Geological province (inset map), extent of very high-resolution satellite Figure 3. Location of mapped features (a) and boreholes (b) in the study area with respect to surficial geology. Surficial geology data compiled from Canadian
surficial geology type, the extent of these landforms is not equal to the extent of the respectlve deposﬂ. Instead, the landforms images used for mapping, and the extent of periglacial and hydrological features mapped. The black rectangle indicates the locations of Figure 1b and 1c. (b) An Geoscience Maps (GSC 2014, 2016a, 2016b, 2017a, 2017b, 2018). Borehole data are compiled from BGC (2005, 2006), SRK (2003), and Smith et al. (2013).
. . . . . . . . example of features mapped at the northern coastal area with extensive marine sediments. (c) An example of features mapped at a central location within the
are irregularly distributed throughout the_deposn. The few geophysical data available for EIPN in the southern portion of the study area with widespread glaciofluvial deposits. The black rectangle indicates the location of Figure 5.
corridor indicate massive ice at depth (Fig. 3b; Wolfe et al. 1997a, 1997b). A notable landform-sediment assemblage derived
from these records and our data is glaciofluvial ice-contact deposits, dissected by extended ice-wedge polygons (Figs. 1¢c and PR , . ArcGIS Earth N : References
5).This assemblage exhibits long-term creep that suggests the presence of icy permafrost at depth, it includes thermokarst ‘ ) Landform Area (counts in brackets) .. AGRA Earthand Enironmental, 1998 Mssiv o0ty n grear doposis, Phaso 2 tuy. Repor
. . . . . . . . . . - , submitted to Indian and Northern Affairs Canada, Yellowknife, N.W.T., 89 p.
depressions due to ice-rich permafrost thaw, and it likely has the highest potential for thermal adjustment in the landscape. N ll Ice-wedge Polygon Network (IPN) Ballantyne CK. 2002 Paraglacial geomorphology. Quatermary Science Reviews 21, 19352017,
. . . . . . . ELUB_E:L; 6 — |:| Extended |Ce-Wedge Polygon Network (E|PN) L 5 Wolfden Resources Inc. Submitted to Nunavut Impact Review Board, November 2006. .
Consequently, this assemblage may represent a substantial potential geohazard in this region. However, processes linked to _ - B Soaded Stream 3G rgneerg . 005 2004 Cotsmicl esigaion Pogam i Lake Profect U
the development of EIPN are not clear (e.g., is the apparent creep real, and is it due to formation of syngenetic or epigenetic - T { [ Aufeis Modified Flood Plain @ I Z;:ggu:sﬁxV?E?ZIf"dséefg’?;ﬂjsl':fnftE.JI“.ngcnf’:egy?szizsﬁn::vtTSIt
grOU nd IcCe at depth, oris there buned |Ce?) and reqUIre future f|e|d Work tO aSSess. HHAE ] e et et 5 — | 5 G%’EEQZ'%ESE‘:”Z‘%:"EC%%‘:‘%Q{%:S: CZ;:I%‘?GZ{ESZ‘E%E'%%‘EZ’%Z:%E‘ZZ—EE%E";&E” ;SZ TE%EE%Z%
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Hydrological landforms, shown in Figure 3a and summarized in Figure 4, are comprised of three aufeis-modified flood plains : > Geglogical Survey of Canada (GSC), 2017a; Surial geology, Hepburn [ind, Nunavut, NTS 76-4
and two beaded streams. Beaded streams, a form of thermokarst, are associated with IPN in glacial veneer and marine G oo g ¢ - 4 ze:?g:jévayzfc:dzzzg}z:;%;”'gm'sézéﬁzfﬁl) “Kh‘ “T: 86‘1
. . . 230KM b eological Survey of Canada , . Reconnaissance surficial geology, Kathawachaga Lake,
blanket, whereas aufeis, a hydrological phenomenon of the freezing season that develops as seasonally thawed ground — < . Hogmbeiom JA, Dubreun M. Lirker P, 1905, Canada, Permatioot In, The Natonal Ats of
freezes back, occurs in association with undifferentiated glaciofluvial sediments, marine blanket, and undifferentiated alluvial N e ot ™ | mmciomommsonn . |, o il S Wart 5. raioe L 155 St seiment pomatis v eimorne
sediments. Beaded streams are necessarily associated with IPN that occur in these surficial geology units. Conversely, the N il ot aarn 2 | (10) _ ke it oo K1) 2020, Grs Bay R nd o w1, s 20
location and formation of aufeis is a function of broader geological and environmental contexts and not just local surficial R & | P 3 © © Nl 5. Wl . e C.201 N oy s s Cara s pegonasi
geology. Aufeis formation is a potential geohazard and it occurs in the vicinity of the proposed road corridor (Fig. 1b). e mT N ey 2] - " pen Flo 5713, 7. (1shash, o o eoeaE ey reanse
SPIRNGEOK = LAC DE GRA (1) Laurier F, Bojesen M, 2018. ArcticDEM, https://doi.org/10.7910/DVN/OHHUKH, Harvard
COURAE.% comioro C.OMMUNITIES T ¥ (11) (2 |- 1 SIaDdaetﬁv\?vréeb\;:kéflgaﬁsligki%gs}ohairrszeogg' 2021a. Geomorphologic feature mapping
H Lontit 9 WINTEgosmgmm method_oI’OQy developéd for the D’emps_ter Hi;;hway énd Inuvik-to-Tuktoyaktuk Highway corridors.
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This poster presents our initial stage of identifying the relations between periglacial landforms and sediments in the northern o al o e B oical Sumoy of Ganad Open Fia 000K S p. - CorTdor Yukon and Northwest errores.
Slave Geological Province. Our results demonstrate the highly spatially-heterogeneous nature of ice-rich indicator landforms " wom o Lk ° - : - i | SminSL_ Rsbotoish DW, Eoio . harsand J 2013 Amap andsummry daabaset
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within surficial deposits, and thus the utility in establishing relations between landforms and sediments to guide the eventual Surficial Geology e b Woll SA, Burgess i, Douma b, yce . Robnon S, 1967a. Geoogcland geopysil
_ : : : _ o : Figure 2. Location of mineral properties in the in the vicinity Figure 4. Landform areas summarized according to surficial geology unit. Surficial Figure 5. Oblique image of glaciofluvial ice-contact deposits dissected by extended ice-wedge Northwost Toritories. In. Gurrent Research 1907.. Geological Survey of Canada. p. 30.50.
development of proc.:eg,s form models. These early reSUItS. can be used to Identlfy the .Iocatlons of thaw §en3|t!ve, pOten.t_Ia”y of the proposed Grays Bay Port and Road project (Source: geology codes are the same as in Figure 3a. Landform counts are labelled within polygons (circled in red), Hood River, Nunavut , approximately 15 km south of the Ulu Mineral W%Le:g%a?:gagsegfr'r\]"a'\g’slggz'p:un'\"; Egdiﬁ ;:g%%%gpd%pﬁib-slgsg"é%g{')gggl9};&‘[{%}2‘0
geohazardous terrain in the Grays Bay Road corridor region, which needs to be considered when planning climate-resilient KIA 2020). brackets. Lease (Fig. 2). This southward perspective shows the proposed Grays Bay Road alignment in Northwest Terrtories, Geological Survey, of Canada, Opon Fle 3442, 110, '
infrastructure yellow. The cause of the apparent creep of the ground and extension of the ice-wedge polygon
. network is unclear, but is likely related to icy permafrost at depth.
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