
QUATERNARY
HOLOCENE
Nonglacial environments

ALLUVIAL DEPOSITS: sorte d sand, silt and clay w ith m inor grave l and organic
de tritus; commonly stratifie d; de posite d along and/or within all mode rn rive rs
and stre am s

Av Floodplain deposits, thin: sorte d sand, silt, clay, minor grave l and
organic de tritus, <1 m thick; forming active  floodplains close  to rive r
and stre am le ve l

Af Fluvial fan: sorte d sand, silt, clay, minor grave l and organic de tritus;
forming a fan de posit w he re  a stre am channe l e nte rs a large r w ate r
body

Ap Floodplain deposits: sorte d sand, silt, clay, minor grave l and organic
de tritus, >1 m thick; form ing active  floodplains close  to rive r and stre am
le ve l; include s te rrace s too sm all to show at this map scale

At Fluvial terraces: inactive  te rrace s above  mode rn floodplain; >2 m thick;
consisting of grave l, sand, and ove rbank silt and organic de tritus

ORGANIC DEPOSITS: undiffe re ntiate d pe at and muck; 1 to >5 m thick;
form e d by the  accum ulation of plant m ate rial in various stage s of
de composition; ge ne rally occurs as flat, w e t te rrain (swamps and bogs) ove r
poorly draine d substrate s; fibric fe ns are  pre se nt along som e  w ate r channe ls;
pe rmafrost is commonly pre se nt unde rlying/w ithin thick organic de posits, as
se e n by the  pre vale nt raise d bogs w ith ice -w e dge  polygons; small, unmappe d
de posits com monly occur in most te rrain units; pe at m antle s most ge ological
units

O v Veneer: thin accum ulations of pe at, 0.3 to <1 m thick, which drape  the
e xisting topography

O b Blanket: continuous pe at be tw e e n 1 and 2 m thick, which drape s the
e xisting topography; som e  polygons include  hummocky mounds and
plate aus unde rlain by discontinuous pe rmafrost

O p Plain: flat to ge ntly undulating plain of pe at, >2 m thick, that contains
num e rous small the rmokarst ponds and de pre ssions

O 1 Wetland - bog: flat to ge ntly undulating plain of pe at, >2 m thick, that
contains hum mocky mounds and plate aus unde rlain by discontinuous
pe rmafrost; O1k include s the rmokarst te rrain re late d to m e lting ground
ice

O 2 Wetland - fen: flat to ge ntly undulating plain of fibric ve ge tation, ofte n
floating, that m asks the  unde rlying topography

COLLUVIAL DEPOSITS: mass-w asting de bris; nonsorte d to poorly sorte d,
massive  to stratifie d de bris de posite d by dire ct, gravity-induce d move m e nt;
composition de pe nds on source  mate rial

Ch Mass-wasting debris: se dim e nt move d downslope  by active  and
inactive  mass-move m e nt proce sse s; hummocky topography

Cf Landslide and slump debris, toe: fan-shape d base  w he re  se dim e nt
de rive d from mass-move m e nt proce sse s upslope  has com e  to re st

Cv Veneer: thin and discontinuous cove r of slumpe d and/or soliflual
mate rial, >1 m thick

EOLIAN DEPOSITS: wind-de posite d, m e dium to fine  sand; de rive d from
de ltaic, e ske r or glaciolacustrine  de posits; in som e  are as, e olian se dim e nts are
thin or abse nt be tw e e n dune s

Ev Veneer: discontinuous ve ne e r of e olian se dim e nts; <1 m thick

Eb Blanket: 1-3 m thick, continuous cove r form ing flat to undulating
topography that locally obscure s unde rlying ge om orphology

Eu Undulating deposits: forming dune s; ge ne rally >2 m thick

MARINE SEDIMENTS: poorly to w e ll-sorte d sand and silt with 0-20% pe bble s,
cobble s and occasional boulde rs (ice  rafte d and lags), de posite d in the
postglacial Tyrre ll S e a; clasts are  typically subrounde d to subangular,
occasionally striate d and/or face te d/bulle t-shape d, de rive d from the  re w orking
of till; the  marine  limit is be tw e e n 140 and 180 m asl, de fine d by w ashing lim its
on e ske rs and till plains and by the  e le vations of sand blanke ts and be ache s -
the  e xact e le vation is unce rtain, ow ing to the  like lihood that glacial L ake
Agassiz w as coe val w ith the  Tyrre ll S e a during de glaciation; ne ar the  marine
limit, glaciomarine  se dim e nts also occur and this sand and silt locally include s
pocke ts of de bris-flow se dim e nts, till and/or minor dropstone s, de posite d from
suspe nsion and ice be rg rafting

M v Veneer: thin, discontinuous silt and/or sand, <1 m thick, that drape s the
e xisting topography; pre dominantly de rive d from re w orking of till and/or
glaciofluvial de posits

M n Nearshore sediments: poorly sorte d to w e ll-sorte d sand, silt and clay;
occurs as ve ne e rs and blanke ts of se dim e nt ove rlying till and/or
be drock; commonly be tw e e n 1 and 2 m thick, but can be  up to 5 m
along the  North K nife  R ive r valle y

M r Littoral sediments: poorly sorte d to w e ll-sorte d, stratifie d sand w ith
5-20% pe bble s and cobble s; typically 1-2 m thick; whe re  e ske rs occur
be low m arine  lim it, w ave  w ashing has commonly re duce d the  ridge s to
a he ight of 0.25-1 m and re distribute d the  sand, cre ating ve ne e rs and
blanke ts of light orange , granitic pe bbly sand; low-lying re gions or
de pre ssions ofte n have  an organic ve ne e r ove rlying the  sand and silt

LATE WISCONSINAN
Proglacial and glacial environments

GLACIOLACUSTRINE DEPOSITS: massive  to laminate d (rhythmically
be dde d) silt, clay and sand, de posite d into littoral and de e p-w ate r
e nvironm e nts of glacial L ake  Agassiz; the se  de posits are  of variable  thickne ss
(0.2-3 m) and drape  both till de posits and be drock; just north of S outh K nife
L ake , 10-15 m of glaciolacustrine  se dim e nts are  ove rlain by a till blanke t

GLACIOLACUSTRINE, ICE CONTACT: w e akly calcare ous to
noncalcare ous, massive  to w e akly stratifie d, fine  sand, silt and minor
clay, com monly contains ice -rafte d stone s, diamict be ds (massive  w ith
1-5% granule s to small pe bble s of carbonate  and crystalline  rock) and
stratifie d wate r-laid diamict; de posite d be ne ath and/or re worke d by ice
ne ar the  margin at the  contact zone  be tw e e n the  glacie r and glacial
L ake  Agassiz

GL Iu Undulating: 0.2-3 m thick, im pe rfe ct to w e ll draine d, forms undulations
and humm ocks that rise  up out of the  surrounding organic te rrain;
include s D e  Ge e r moraine s-minor moraine s form e d due  to subglacial
se dim e nt adve ction to the  ice  margin during te mporary halts in
grounding-line  re tre at

GLACIOLACUSTRINE, LITTORAL: glacial se dim e nts re worke d by
wave  action; forms mode rate ly w e ll sorte d isolate d ridge s or a se rie s of
ridge s, including be ache s, bars and spits; blanke ts of sand grading
basinw ard into silt and clay, commonly <1 m thick

sGL r Ridged sediments: 0.5-2 m thick, mode rate  to w e ll-draine d sandy
be ach ridge

sGL v Veneer: 0.2-1 m thick, mode rate  to im pe rfe ctly draine d blanke ts of fine
sand and silty sand; unde rlying topography is disce rnible

GLACIOLACUSTRINE, DEEP-WATER: Calcare ous to noncalcare ous,
massive  to rhythm ically be dde d, w e ll-sorte d, mode rate ly de nse , m ilk-
chocolate  brown clay and rare r silt

GL v Veneer: 0.2-1 m thick, im pe rfe ct to poorly draine d; unde rlying
topography is disce rnible

GL b Blanket: 1-3 m thick, im pe rfe ct to ve ry poorly draine d, continuous
cove r forming flat to undulating topography that locally obscure s
unde rlying ge omorphology; typically m antle d by pe at of variable
thickne ss

GL p Plain: >3 m thick, impe rfe ct to ve ry poorly draine d, continuous cove r
forming flat topography that obscure s unde rlying ge om orphology;
typically m antle d by pe at of variable  thickne ss

GLACIOFLUVIAL DEPOSITS: orange  to tan, mode rate ly to poorly sorte d, silt,
sand, grave l and diamicton de posite d be hind, at or in front of the  ice  m argin by
flow ing glacial m e ltw ate r; whe re  the  suffix x has be e n adde d to the  te rrain-unit
labe l (i.e ., GFrx), it indicate s that the  se dim e nts have  had significant surface
re working by glacial L ake  Agassiz and/or the  Tyrre ll S e a

GFv Veneer: discontinuous sand and grave l cove r, <1-2 m thick; unde rlying
topography is disce rnible

GFb Blanket: continuous sand cove r >2 m thick; forming flat to undulating
topography that locally obscure s unde rlying units and associate d
ge om orphic patte rns; typically form e d by re distribution of glaciofluvial
sand in a shallow-w ate r e nvironm e nt

GFh Ice-contact sediments: undiffe re ntiate d de posits; poorly sorte d sand
and grave l w ith m inor diam icton, de posite d by glacial m e ltw ate r in
dire ct contact with the  glacie r; 1 to >10 m thick; forming ge ntly
undulating to humm ocky topography re late d to m e lting of unde rlying
ice ; fe ature s include  ke ttle s, kam e s and ridge s

GFr Eskers, esker systems: massive  to stratifie d sand and minor grave l,
de posite d by m e ltw ate r flow w ithin tunne ls be ne ath or within the
glacie r; pre se nt as 1-20 m high ridge s

GFd Ice-contact delta: w e ll to mode rate ly stratifie d sand and grave l de ltaic
de posit form e d whe re  a m e ltw ate r channe l e nte re d a glacial lake
during re gre ssion and low e ring of lake  le ve ls

GLACIAL DEPOSITS: unsorte d to poorly sorte d diam icton (till) de posite d in
subglacial e nvironm e nts; wide  range  in the  com position of the  till, with
significant variable  proportions of e aste rn- and/or northe aste rn-source d
(P ale ozoic and P rote rozoic) and re gionally to locally source d (gre e nstone  be lt
and granitoid rocks) clast conce ntrations; whe re  the  suffix x has be e n adde d to
the  te rrain labe l (e .g., Tvx, Tbx, Tstx, Tux), it indicate s that the  se dim e nts have
had significant surface  re w orking by lacustrine , fluvial or marine  w ate rs

T KEEWATIN-HUDSONIAN TILL: calcare ous hybrid till, with silty sand to
claye y silt matrix, which contains 10-76 ct. % P ale ozoic carbonate -
be aring clasts mixe d with P rote rozoic, P re cam brian and Arche an
clasts (granitoid, gne issic and gre e nstone  be lt rocks); the  matrix is
calcare ous (3.8-49.5 w t. % total carbonate  and 2.1-20.3 w t. % CaO);
this till was de posite d by ice  flow ing from the  Q ue be c-L abrador ice
se ctor of the  L aure ntide  Ice  S he e t, and late r variably re w orke d by ice
flow ing southw e st and south from the  K e e w atin se ctor, or an ice  saddle
ove rlying southe aste rn Hudson Bay

T2 KEEWATIN-DOMINANT TILL: w e akly calcare ous to noncalcare ous till,
with silty sand to claye y silt matrix, which contains 0-9 ct. % P ale ozoic
carbonate -be aring clasts, mixe d with P re cam brian and Arche an clasts
(granitoid, gne issic and gre e nstone  be lt rocks); the  matrix may contain
up to 19 w t. % total carbonate  and 17 w t. % CaO; this till w as
pre dom inate ly source d from ice  flow ing south, southe ast and
southw e st during the  Q uinn L ake  re advance , and from late r re w orking
by ice  flow ing southw e st from an ice  saddle  ove rlying southe aste rn
Hudson Bay; this till type  may be  more  w ide spre ad than it appe ars on
the  m ap, as it was only applie d to map polygons w he re  supporte d by
till-sample  laboratory analyse s

Tv Till veneer: discontinuous till cove r 0.2-1 m thick; unde rlying
topography is disce rnible ; whe re  not othe rwise  note d, be drock is
assum e d to be  the  unde rlying mate rial

Tb Till blanket: continuous till cove r, 1-3 m thick, form ing flat to undulating
topography that locally obscure s unde rlying units and associate d
ge om orphic patte rns; occasional thinne r patche s of till may occur

Tp Till plain: continuous till cove r, in place s up to 30 m thick, forming flat
topography that obscure s unde rlying units and associate d ge om orphic
patte rns

Th Hummocky till: till >2 m thick with hum mocky topography (2-5 m
sw ale s), e ithe r moulde d be ne ath the  glacie r or as a re sult of
supraglacial m e ltout (ablation) tills de posite d by m e lting of stagnant
ice ; loose , te xturally variable , sandy to grave lly matrix, som e  sorting;
angular to subangular clasts

Tu Undulating till: till >2 m thick, moulde d be ne ath the  glacie r into
undulating topography (0.1-2 m swale s)

Tr Ridged moraine: minor late ral and she ar moraine s associate d w ith the
Q uinn L ake  re advance , 0.3-3.8 km long

Tst Streamlined till: >2 m thick, subglacial till moulde d be ne ath the  glacie r
into line ar ridge s and/or furrows paralle l to ice  flow; drumlins,
drumlinoid ridge s, flutings; ridge s are  typically 0.1-1.7 km long and
0.5-5 m high

PRE-QUATERNARY
R Precambrian bedrock: m e tase dim e ntary and m e tavolcanic rocks

and associate d intrusive  rocks; m ay be  ove rlain by a thin,
discontinuous ve ne e r of se dim e nt

Notes:
This le ge nd is common to M AP 2015-1 and -2. Not all units and sym bols shown in the
le ge nd w ill appe ar on this map.
In are as w he re  the  surficial cove r forms a com ple x patte rn, the  are a is coloure d
according to the  dominant unit and labe lle d in de sce nding orde r of cove r (e .g., R /Tv).
W he re  unde rlying stratigraphic units are  known, are as are  coloure d according to the
ove rlying unit and labe lle d in the  following manne r:
GL v    m e ans glaciolacustrine  ve ne e r ove rlie s stre am line d till
 Tst
M ultiple  modifie rs may be  com bine d to clarify the  de taile d ge ology (e .g., Tbx, T2ux).
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Figure 2: The  North K nife  R ive r–Churchill R ive r re gion has be e n se parate d into diffe re nt glacial te rrain zone s (GTZ) for the  purpose s of this study. The se  zone s
are  base d primarily on surface  till composition, but also include  stratigraphy and patte rns of fie ld-base d (striae ) and stre amline d-landform flowse ts. Inte rpre te d
till type , ge omorphology, marine  limit and stratigraphic fie ld site s (e .g., 13115M T626; M .S . Tromm e le n, unpublishe d data, 2014; Gauthie r, 2016) are  also de picte d. 
The  ge ne ral ice -flow history (inse t) is base d on data pre se nte d in Figure  1, and from inte rpre te d dispe rsal orie ntation of till clasts. Abbre viations: NW , northw e st; 
S E, southe ast; W S W , w e st-southw e st.
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Figure 1: Ice -flow indicators, marine  limit and mappe d ge omorphology in the  North K nife  and S outh K nife  lake s are a of northe aste rn M anitoba. The  orie ntation
and re lative  age s of e rosional ice -flow indicators, including micro-scale  nondire ctional indicators (striations and groove s) and dire ctional indicators (chatte rm arks, 
cre sce ntic gouge s and stoss-le e  re lationships), are  shown. L arge  circle s highlight the  re gionwide  re lationship be tw e e n indicators mappe d in the  fie ld and the  
re lative  tim ing of variously orie nte d ice -flow phase s at e ach site . The  inse t with the  ge ne ral ice -flow dire ctions provide s a summary of ice -flow orie ntation for the  
e ntire  re gion. Conve ntional 14C age s for she ll sample s are  also de picte d. Abbre viations: Be ta, Be ta Analytic (M iami, Florida); GS C, Ge ological S urve y of 
Canada (O ttaw a, Ontario); GTZ, glacial te rrain zone ; NW , northw e st; S E, southe ast; S S E, south-southe ast; S S W , south-southw e st; S W , southw e st; UCIAM S , 
Unive rsity of California, Irvine , K e ck Carbon Cycle  Acce le rator M ass S pe ctrom e te r facility (Irvine , California); W S W , w e st-southw e st.
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DESCRIPTIVE NOTES
Surficial geology of the North and South Knife lakes area, Manitoba (parts of NTS 54L, 64I)
Methods
The  surficial ge ology of the  North K nife  and S outh K nife  lake s are a was inte rpre te d from 1:60 000 
scale  black and white  airphotos obtaine d from Natural R e source s Canada. Aspe cts of the  re gional 
surficial ge ology w e re  also gle ane d from S huttle  R adar Topography M ission image ry (30 and 90 m 
re solution; Unite d S tate s Ge ological S urve y, 2002) and S P O T orthoimage s (Ge oBase ®, 2012). 
Fie ld studie s w e re  conducte d by he licopte r in S e pte m be r 2013, with additional studie s along the  
Churchill R ive r in 2014. This proje ct include s data from 227 fie ld site s, from which 192 till sample s 
w e re  analyze d for ge oche m ical and clast composition. This ne w mapping builds on pre vious 
1:250 000 scale  surficial mapping comple te d in the  late  1980s (D re dge  and Nixon, 1981, 1982).
Physiography
This portion of northe aste rn M anitoba is mantle d by glacial and postglacial se dim e nts. Be drock 
outcrops are  scarce , and ge ne rally limite d to e xposure s along cre e ks and rive rs. Ele vation varie s 
mainly from 50 to 340 m above  se a le ve l (asl) and local re lie f is up to 30 m. 
The  re gion falls within the  zone  of discontinuous pe rmafrost (S lade n, 2011). Bogs are  commonly 
froze n and ice -rich be low 1 m. P e riglacial fe ature s, such as mud boils, pe at plate aus, ice -w e dge  
polygons and frost-shatte re d rock, are  common in all nonfore ste d are as.
Ice-flow history
The  L aure ntide  ice  she e t flow e d across the  study are a ove r a span of 275° (Figure  1), and in the  
sam e  dire ction multiple  tim e s: from the  K e e w atin se ctor to the  north, the  Q ue be c–L abrador se ctor 
to the  e ast and from an ice  saddle  ove r southe rn Hudson Bay late  in de glaciation. Be cause  of this 
history, the  pre se rve d subglacial re cord re fle cts a comple x e rosion, transportation and de position 
re lationship be tw e e n inhe ritance  from olde r ice -flow phase s and ove rprinting during younge r ice -flow 
phase s.
Old ice -flow phase s w e re  to the  w e st and northw e st (270–290°), southw e st (230–250°) and southe ast 
(140–160°). Ice  the n flow e d to the  south-southw e st (180–200°) and southw e st to w e st-southw e st 
(220–250°). D uring de glaciation, an ice  lobe  surge d south into glacial L ake  Agassiz, te rm e d the  
Q uinn L ake  re advance , w he re as ice  source d from Hudson Bay re m aine d at an ice  margin ~10 km 
north of S outh K nife  L ake . Afte r this surge , re tre at proce e de d tow ard the  north and northe ast, and a 
major switch in orie ntation re sulte d in late  phase s of ice  flow to the  e ast-southe ast (110–130°) and 
southe ast (150–170°). Not all of the se  phase s affe cte d the  e ntire  study are a, but rathe r the  ice -flow 
history is diffe re nt in e ach compositional glacial te rrain zone  (Figure  2).
Glacial Lake Agassiz and the Tyrrell Sea
As ice  re tre ate d, parts of the  map are a w e re  inundate d by the  postglacial Tyrre ll S e a or glacial L ake  
Agassiz and/or othe r smalle r ice -marginal lake s. Expose d in a landslide , ~15 m of inte rbe dde d silt 
and fine  sand w e re  e ncounte re d be tw e e n two till units just northe ast of S outh K nife  L ake . The se  
se dim e nts are  cappe d by a 3 m thick till that contains infinite  14C age  marine  she ll fragm e nts at its 
base . The  e xte nt of this burie d lacustrine  se dim e nt is unknown. 
The  maximum surface  lake  limits are  be tw e e n 140 and 280 m asl. An ice -marginal lake  limit of 245 m 
asl is de fine d by wave -washing on the  S outh K nife  glaciofluvial comple x, glaciolacustrine  onlap onto 
the  comple x, de lta and fan formation on the  e aste rn side  of the  comple x, and the  e le vation of a 
me ltw ate r spillway at S outh K nife  L ake . This lake  re pre se nts the  northe rn boundary of glacial L ake  
Agassiz, but was like ly re stricte d in size , and continually changing configurations along the  re tre ating 
ice  margin.
R adiocarbon age s indicate  that the  se a and lake (s) w e re  coe val; furthe r work is re quire d to fully
re construct the  de glacial history. The  minimum age  for de glaciation, base d on incursion of the  Tyrre ll 
S e a, is 8.21 ±0.17 cal. ka (Be ta-338664) in the  study are a (Figure  1) and 8.26 ±0.15 cal. ka (UCIAM S -
149592) furthe r south of the  study are a at Gillam. The re  are  ne w glaciolacustrine  radiocarbon age s of 
8.11 ±0.07 cal. ka (UCIAM S -135236) at 142 m asl e le vation, and 8.00 ±0.04 cal. ka (UCIAM S -135233) 
at 86 m asl e le vation (Figure  1). The  marine  limit in the  study are a is difficult to de te rmine , but falls 
be tw e e n 140 and 180 m asl.
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