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Surficial geology of the Pady Lake area, Manitoba
(parts of NTS 54L12, 13, 64I9, 16)
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F ig u re 1. Ice-flow indicators, m arine lim it and m apped carbonate-bearing  till in northeastern M anitoba. S u bg lacial
landform s (eskers, m eltwater channels, m eltwater corridors, R og en m oraine, stream lined landform s, m oraines) and 
field-based ice-flow indicators (striae, g rooves, crescentic fractu res, g ou g es, roches m ou tonées) are shown. Larg e
circles hig hlig ht the reg ion-wide relationship between indicators m apped in the field and the relative tim ing  of variou sly
oriented ice-flow phases at each site. T he g eneral ice-flow directions box provides a su m m ary of ice-flow orientation
for the entire reg ion.
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DESCRIPTIVE NOTES
Surficial geology of the Seal River area, Manitoba (parts of NTS 54L, M, 64I, P)
Methods
T he su rficial g eolog y of the S eal R iver area was interpreted from  1:60 000 scale black and white 
airphotos obtained from  N atu ral R esou rces Canada. Aspects of the reg ional su rficial g eolog y 
were also g leaned from  S hu ttle R adar T opog raphy M ission im ag ery (30 and 90 m  resolu tion; 
U nited S tates Geolog ical S u rvey, 2002) and S PO T  orthoim ag es (Geobase®, 2005–2010). F ield 
stu dies were condu cted by helicopter in Ju ly 2012. T his project inclu des data from  153 field 
sites, from  which 74 till sam ples were analyzed for g eochem ical and clast com position 
(T rom m elen, 2014; T rom m elen et al. 2013). T his new m apping  extends detailed m apping  
produ ced du ring  the M GS  F ar N orth Geom apping  Initiative (Cam pbell et al., 2012; T rom m elen 
and Cam pbell, 2012a–d). T he two m ap series bu ild on previou s 1:250 000 scale su rficial 
m apping  com pleted in the late 1980’s (Dredg e and N ixon, 1981a, b, 1982a, b).
Physiography
N ortheastern M anitoba is m antled by g lacial and postg lacial sedim ents, with scarce bedrock 
ou tcrops. Elevation varies m ainly from  50 to 290 m  above sea level (asl) and local relief is u p to 
30 m . T he m ap area has, in part, been wave-washed by both the postg lacial T yrrell S ea and 
g lacial Lake Ag assiz (Dredg e, 1983; Dredg e and Cowan, 1989). T he m arine lim it in the stu dy 
area is arou nd 180 m  asl in the north and 160 m  asl in the sou th, and the lake lim its are between 
280 and 200 m  asl (Dredg e, 1983; Dredg e and N ixon, 1992). W here the eskers are located below 
200 m  asl, they have been partially eroded by lacu strine and/or m arine waters. Below 150 m  asl, 
the eskers are washed, low-lying  sand and g ravel blankets rather than ridg es. 
Ice-flow history
T he stu dy area was situ ated 200–500 km  from  the Late W isconsinan Keewatin Ice Divide (KID) 
and ~1500 km  from  the Qu ebec/Labrador sector of the Lau rentide Ice S heet. Ice was thou g ht to 
flow sou th to sou theast from  the KID throu g hou t the W isconsinan, and occasionally interacted with 
westward-flowing  ice (Hu dsonian ice; Dredg e and N ixon, 1992). T he natu re of interaction between 
ice from  Keewatin and from  Hu dson Bay is u ncertain, bu t a thick ice ridg e (ice saddle) was likely 
present over sou thern Hu dson Bay late in deg laciation (Dyke and Prest, 1987; T horleifson et al., 
1993; T rom m elen et al., 2012). T he orientation and relative ag es of erosional ice-flow indicators, 
inclu ding  m icro-scale nondirectional indicators (striations and g rooves), and directional indicators 
(chatterm arks, crescentic g ou g es and stoss-lee relationships), are depicted in F ig u re 1.
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QUATERNARY
SURFICIAL DEPOSITS
HOLOCENE

NONGLACIAL ENVIRONMENTS

ALLUVIAL DEPOSITS: sorted sand, silt and clay with m inor g ravel and org anic detritu s; com m only stratified;
deposited along  and/or within all m odern rivers and stream s

Ap Floodplain deposits: sorted sand, silt, clay, m inor g ravel and org anic detritu s g reater than 1 m  thick; form ing
active floodplains close to river and stream  level; inclu des terraces too sm all to show at this m ap scale

At Fluvial terraces: inactive terraces above m odern floodplain; g reater than 2 m  thick; consisting  of g ravel, sand,
and overbank silt and org anic detritu s on the N orth Knife R iver; annu al spring  ice-pu sh continu es to bu ild u p
sedim ent along  the side of these terraces

O ORGANIC DEPOSITS: u ndifferentiated peat and m u ck; 1 to g reater than 5 m  thick; form ed by the accu m u lation
of plant m aterial in variou s stag es of decom position; g enerally occu r as flat, wet terrain (swam ps and bog s) over
poorly drained su bstrates; fibric fens are present along  som e water channels; perm afrost is com m only present
u nderlying /within thick org anic deposits, as seen by the prevalent raised bog s with ice-wedg e polyg ons; sm all,
u nm apped deposits com m only occu r in m ost terrain u nits; peat m antles m ost g eolog ical u nits

O v Organic veneer: thin, discontinu ou s peat, less than 1 m  thick, which drapes the existing  topog raphy

O b Organic blanket: continu ou s peat between 1 and 2 m  thick, which drapes the existing  topog raphy

O p Organic plain: flat to g ently u ndu lating  plain of peat, g reater than 2 m  thick, that contains nu m erou s sm all
therm okarst ponds and depressions

COLLUVIAL DEPOSITS: m ass-wasting  debris u p to 5 m  thick along  the N orth Knife R iver; nonsorted to poorly
sorted, m assive to stratified debris deposited by direct, g ravity-indu ced m ovem ent; com position depends on
sou rce m aterial

Ch Mass-wasting debris: g lacial sedim ent m oved downslope by active and inactive m ass-m ovem ent processes;
hu m m ocky topog raphy

Cf Landslide and slump debris, toe: fan-shaped base where sedim ent derived from  m ass-m ovem ent processes
u pslope has com e to rest

Cv Colluvial veneer: thin and discontinu ou s cover of slu m ped and/or soliflu cted m aterial, g reater than 1 m  thick

EOLIAN DEPOSITS: wind-deposited m ediu m  to fine sand; derived from  deltaic, esker or g laciolacu strine
deposits; in som e areas, eolian sedim ents are thin or absent between du nes

Ev Eolian veneer: discontinu ou s veneer of eolian sedim ents, less than 1 m  thick

Er Ridged eolian deposits: form ing  du nes; g enerally g reater than 2 m  thick

L LACUSTRINE DEPOSITS: u ndifferentiated deposits; m assive to stratified, sorted sand, silt, clay and m inor
org anic detritu s deposited adjacent to and/or within m odern ponds and lakes

MARINE SEDIMENTS: poorly to well-sorted sand and silt with 0-20% pebbles, cobbles and occasional bou lders
(ice rafted and lag s), deposited in the postg lacial T yrrell S ea; clasts are typically su brou nded to su bang u lar,
occasionally striated and/or faceted/bu llet-shaped, derived from  the reworking  of till; the m arine lim it is
165-180 m  asl, defined by washing  lim its on eskers and till plains, and by the elevations of sand blankets and
beaches; the exact elevation is u ncertain, owing  to the likelihood that g lacial Lake Ag assiz was coeval with the
T yrrell S ea du ring  deg laciation; near the m arine lim it, g laciom arine sedim ent also occu rs; these sands and silts
locally inclu de pockets of debris-flow sedim ents, till and/or m inor dropstones, deposited from  su spension and
iceberg  rafting

M v Marine veneer: thin, discontinu ou s sand less than 1 m  thick that drapes the existing  topog raphy; overlies wave-
washed till between 170 and 140 m  asl; below 140 m  asl, present as sandy patches overlying  bedrock
ou tcrops where all till has been rem oved; predom inantly derived from  reworking  of till and/or g lacioflu vial
deposits

M n Nearshore sediments: poorly to well-sorted sand, silt and clay; occu r as veneers and blankets of sedim ent
overlying  till and/or bedrock; com m only between 1 and 2 m  thick, bu t can be u p to 5 m  along  the N orth Knife
R iver valley

M b Offshore sediment blanket: flat to g ently u ndu lating  plain of fine sand, silt and clay g reater than 2 m  thick; often
overlain by a layer of org anic m aterial (less than 1 m  thick); sparsely fossiliferou s; offshore sedim ent.

M r Littoral sediments: poorly to well-sorted, stratified sand with 5-20% pebbles and cobbles; typically 1-2 m  thick;
beach ridg es, consisting  of sand and cobbles derived from  the u nderlying  till, are present at elevations of
155-170 m  asl; m ore com m on are linear patches of pebbly sand with occasional spits, derived from  esker and
crevasse ridg es, the latter typically containing  a hig her percentag e of exotic litholog ies; where esker and
crevasse ridg es occu r below the m arine lim it, wave-washing  has com m only redu ced the ridg es to a com m on
heig ht of 0.25-1 m  and redistribu ted the sand, creating  veneers and blankets of lig ht orang e, g ranitic pebbly
sand; low-lying  reg ions or depressions often have an org anic veneer overlying  the sand and silt

LATE WISCONSINAN

PROGLACIAL AND GLACIAL ENVIRONMENTS

GLACIOLACUSTRINE DEPOSITS: m oderately to well-sorted clay, silt, and very fine to fine sand; m assive to
bedded; m oderately dense; deposited in g lacial Lake Ag assiz along  the m arg in of the retreating  Lau rentide Ice
S heet; u su ally overlain by less than 0.5 m  thick org anic deposits in lowlands with flat topog raphy; som e littoral
sand m ay be m arine in orig in, g iven that the T yrrell S ea incu rsion occu rred in the sam e area, and that the
g enesis is u ncertain; sand encou ntered above 180 m  has been assig ned as g laciolacu strine, while sand below
180 m  is considered m arine; sedim ent is derived from  the Archean and Paleoproterozoic rocks in the area, and
predom inantly consists of feldspar and qu artz

GLr Glaciolacustrine littoral ridged sediments: poorly to well-sorted, stratified sand with 5-20% pebbles and cobbles,
typically 1-2 m  thick; beach ridg es, consisting  of sand and cobbles derived from  the u nderlying  till, are present
at elevations between 220 and 270 m  asl

GLv Glaciolacustrine veneer: discontinu ou s cover less than 1-2 m  thick; u nderlying  topog raphy is discernible;
interspersed with sm all till or g laciofu vial deposits; where g rou ndtru thed, sGLv indicates sandy sedim ents
(stippled pattern)

GLb Glaciolacustrine blanket: continu ou s cover g reater than 2 m  thick, form ing  flat to u ndu lating  topog raphy that
locally obscu res u nderlying  g eom orpholog y; where g rou ndtru thed, sGLb indicates sandy sedim ents (stippled
pattern)

GLACIOFLUVIAL DEPOSITS: lig ht orang e, pebbly sand with occasional (2%) cobbles and bou lders at su rface,
deposited behind, at or in front of the ice m arg in by flowing  g lacial m eltwater; the sand is often well sorted and
m assive, thou g h occasional bedding  is present in som e esker ridg es; where the su ffix 'x' has been added to the
terrain-u nit label (i.e., GF rx), it indicates the sedim ents have had sig nificant su rface reworking  by g lacial Lake
Ag assiz and/or the T yrrell S ea

GF v Glaciofluvial veneer: discontinu ou s sand and g ravel cover less than 1-2 m  thick; u nderlying  topog raphy is
discernible

GF b Glaciofluvial blanket: continu ou s sand and g ravel cover g reater than 2 m  thick, form ing  flat to u ndu lating
topog raphy that locally obscu res u nderlying  u nits and associated g eom orphic patterns; occasional thinner
patches of sedim ent m ay occu r

GF t Terraced sediments: inactive terraces above m odern floodplain, deposited du ring  g lacial m eltwater flow in
m eltwater channels; the terrace along  the S eal R iver contains ~10-20% carbonate clasts, in addition to the local
shield-derived rock types

GF f Subaqueus outwash sediments: m assive to stratified sand to pebbly sand, occasionally rippled and/or
crossbedded; interbedded with g ravel and diam ictic u nits of variable thickness; rare (~5%) cobbles and bou lders
present; sedim ents deposited in a shallow su baqu eou s g laciolacu strine or m arine environm ent at or near the
retreating  ice-front by m eltwater tu rbidity cu rrents

GF h Ice-contact glaciofluvial sediments: u ndifferentiated deposits; poorly sorted sand and g ravel with m inor
diam icton, deposited by g lacial m eltwater in direct contact with the g lacier; 1 to g reater than 20 m  thick; form ing
g ently u ndu lating  to hu m m ocky topog raphy related to m elting  of u nderlying  ice; featu res inclu de kettles, kam es
and ridg es

GF r Eskers and esker systems: stratified sand and g ravel with m inor diam icton, deposited by m eltwater flow within
tu nnels beneath or within the g lacier; present as larg e (3-10 m  hig h), long  (10-25 km ), reg u larly spaced (10-18
km ) esker seg m ents, with sm aller (1-5 m  hig h) and shorter esker ridg es fou nd between the larg e ridg es; som e
esker seg m ents consist of kam e and kettle topog raphy u p to 20 m  hig h; eskers and crevasse ridg es well below
m arine lim it have been extensively wavewashed, which has created resu ltant 'ridg es' 0.25-2 m  hig h and a
blanket of pebbly sand near the 'ridg e' location, and are m apped as M n

GLACIAL DEPOSITS: u nsorted to poorly sorted diam icton (till) with a sandy-silt to silty-sand m atrix, deposited in
su bg lacial or ice-m arg inal environm ents; m ay locally contain blocks of pre-existing  sedim ents and/or stratified
drift; tills consist m ainly of g ranitic m aterial in reg ions overlying  g ranitic bedrock, and of a m ore variable litholog y
in su pracru stal bedrock reg ions; m ost of the till was em placed by ice flowing  from  the Keewatin sector, within the
Lau rentide Ice S heet; till denoted at T2 has been em placed by, at least partially, ice flowing  from  the
Qu ebec/Labrador sector; where the su ffix 'x' has been added to the terrain label (e.g ., T vx, T bx, T stx, T u x, T hx,
T rx), it indicates that the sedim ents have had sig nificant su rface reworking  by m eltwater and/or the T yrrell S ea

T 2 Calcareous, carbonate-bearing till with a clayey-silt m atrix, encou ntered within sections along  the N orth Knife
R iver, and at the su rface in the sou thernm ost portion of the m ap area

T v Till veneer: discontinu ou s till cover less than 1-2 m  thick; u nderlying  topog raphy is discernible; su rface m ay be
washed in the vicinity of m eltwater channels and where m arine sedim ents are present

T b Till blanket: continu ou s till cover g reater than 2 m  thick, form ing  flat to g ently u ndu lating  topog raphy that locally
obscu res u nderlying  u nits and associated g eom orphic patterns; occasional thinner patches of till m ay occu r;
su rface m ay be washed in the vicinity of m eltwater channels and where m arine sedim ents are present

T st Streamlined till: till g reater than 2 m  thick, m ou lded beneath the g lacier into linear ridg es and/or fu rrows parallel
to ice flow; dru m lins, dru m linoid ridg es, flu ting s; ridg es are typically 0.1-3 km  long  and only 1-3 m  hig h

T u Undulating till: till g reater than 2 m  thick, m ou lded beneath the g lacier into u ndu lating  topog raphy (0.1-1 m
swales); below 160 m  asl, u ndu lating  till occu rs at su rface m ainly as bou lder fields; m ost fines have been
rem oved by wave-washing

T h Hummocky till: till g reater than 2 m  thick with hu m m ocky topog raphy (2-5 m  swales), either m ou lded beneath
the g lacier or as a resu lt of su prag lacial m eltou t (ablation) tills deposited by m elting  of stag nant ice; loose,
textu rally variable sandy to g ravelly m atrix, som e sorting ; ang u lar to su bang u lar clasts; below 160 m  asl,
especially between the S eal and N orth Knife rivers, hu m m ocky till occu rs at su rface, m ainly as bou lder fields;
m ost fines have been rem oved by wave-washing

T r Ridged moraine: inclu des m inor m oraines and R og en m oraine (anastom osing  to cu rved ridg es and intervening
trou g hs, all lying  transverse to form er ice-flow direction); ridg es are typically 0.1-3.0 km  long

PRE-QUATERNARY

BEDROCK
R Precambrian rocks: m etasedim entary, m etavolcanic and associated intru sive rocks; m ay be overlain by

a thin, discontinu ou s veneer of till in u pland, u nwashed areas, and/or a thin discontinu ou s veneer of
sand and/or pebbly sand below the m arine lim it or within m eltwater corridors that rarely exceeds 1 m
thick

N O T E: In areas where the su rficial cover form s a com plex pattern, the area is colou red according  to the dom inant u nit and
labelled in descending  order of dom inance (e.g .,          ). W here u nderlying  stratig raphic u nits are known, areas are colou red
according  to the overlying  u nit and labelled in the following  m anner: O /T r. M u ltiple m odifiers m ay be com bined to clarify the
detailed g eolog y (e.g ., T bx, T 2u x)

T bx.O


