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DESCRIPTION OF MAP UNITS
[Map unit thickness is typical range; in some areas the map units may be thicker or 

thinner than the given range]
 

HOLOCENE AND LATE WISCONSIN
FLOOD-PLAIN AND CHANNEL ALLUVIUM—Yellowish-brown, olive-brown, 

grayish-brown, brown, olive, yellowish-gray, brownish-gray, olive-gray, gray, 
black, or mottled clay, silt, sand, and gravel.  Calcareous or noncalcareous; partly 
or completely oxidized.  Clasts angular to well rounded.  Clast composition 
reflects composition of other surficial materials and bedrock in the drainage basin.  
Fossiliferous (gastropod, pelecypod, and vertebrate remains; wood fragments and 
plant detritus) in some places.  Included in other map units in many areas.  
Includes some sheetwash alluvium, alluvial-fan deposits, alluvium beneath low 
terraces, outwash and ice-contact sand and gravel, lake deposits, and bedrock 
outcrops.  Alluvium in some areas is dominantly redeposited outwash, ice-contact 
deposits, and lake deposits.  East and northeast of Big Sandy, alluvium overlies a 
thick fill of older fluvial, glaciofluvial, and glaciolacustrine deposits and till (see 
description of till deposits associated with “Buried bedrock valleys of the ancestral 
Marias and Missouri Rivers” in the Explanation of map symbols).  Thickness 1–6 
m, locally >15 m

Flood-plain alluvium—Chiefly poorly-sorted to well-sorted clay, silty clay, silty clay 
loam, clayey silt, and silt with scattered granules and pebbles; locally, loam, sandy 
clay loam, sandy loam, or fine sand.  Moderately to well stratified.  Commonly has 
either obscure bedding or pronounced horizontal bedding; weakly laminated in 
some places.  Clay, silt, sand, or gravel lenses or small channel fills of sand and 
gravel are common.  Dense and compact in most places.  Clayey alluvium is 
moderately plastic, soft, and sticky where moist and hard where dry.  Textures may 
vary abruptly, laterally and vertically.  Local thin buried soils (humic horizons).  
Concentrations of detrital lignite (bedrock) fragments as large as 1 cm are common 
in crossbedded sand.  Where flood-plain alluvium directly overlies lake clay, silt, 
and sand or sheetwash alluvium, in some places it is difficult to distinguish the 
deposits

Channel alluvium—Chiefly loose, stratified, poorly-sorted to well-sorted, pebbly, fine 
to medium sand and (or) coarse sand and gravel; locally very poorly sorted sandy 
shale gravel.  Cobbles and boulders are common to abundant in some areas.  
Generally crossbedded or has crude horizontal bedding or lenticular bedding; local 
festoon bedding.  Locally fossiliferous (chiefly vertebrate remains)

ALLUVIAL-FAN DEPOSITS—Yellowish-brown, grayish-brown, yellowish-gray, 
brownish-gray, gray, or mottled clay, silt, sand, and gravel.  Calcareous.  Poorly to 
well stratified; poorly to well sorted.  Poorly-sorted gravel and pebbly sand near 
fan apex, grading to pebbly silt and clay near toe.  Clasts are subangular to well 
rounded, reworked cobbles, pebbles, and granules derived from pediment, 
alluvial-fan, and fluvial-terrace deposits (pgd), till, and local bedrock.  Includes 
some sheetwash alluvium and flood-plain and channel alluvium. Mapped as an 
alluvial-fan complex east of the East Butte of the Sweet Grass Hills.  Small 
alluvial-fan deposits are included in other map units.  Thickness 0.5–10 m; 
maximum thickness >10 m

LOAMY AND CLAYEY SHEETWASH ALLUVIUM1—Pale-yellow, 
yellowish-brown, olive-brown, brown, olive, yellowish-gray, olive-gray, 
brownish-gray, gray, or mottled alluvium transported and deposited by unconfined 
overland flow and rill wash.  Clay, silty clay, silty clay loam, and clay loam.  
Nonstratified to moderately well stratified; poorly or moderately well sorted.  
Massive, thinly laminated, or with weak horizontal bedding.  Disseminated organic 
matter is abundant in some places.  Fossiliferous (gastropod tests) locally.  
Fragments of lignite (bedrock) are common.  Calcareous.  Clast free, with scattered 
granules and small pebbles, or with stringers, pods, and lenses of granule or pebble 
gravel.  Clayey alluvium is soft, sticky, and plastic where moist; tough, hard, and 
blocky where dry.  Clay minerals are dominantly montmorillonite.  Granules and 
pebbles are chiefly local clastic sedimentary rocks; minor redeposited erratic 
limestone, dolomite, and igneous and metamorphic rocks.  Sheetwash alluvium 
commonly overlaps flood-plain alluvium.  Included in other map units in many 
places in the quadrangle.  Mapped only in the Missouri River valley in the 
southeast corner of the quadrangle and north of the Tiber Reservoir.  Thickness 1–4 
m

 

 

 

 

 

  LAKE CLAY AND SILT—Pale-yellow, grayish-yellow, bluish-green, 
yellowish-brown, olive-brown, grayish-brown, brown, olive, yellowish-gray, 
brownish-gray, olive-gray, bluish-gray, gray, olive-black, bluish-black, black, or 
mottled, calcareous clay and silt.  Generally stratified; well sorted; massive or 
weakly bedded.  Commonly laminated, locally varved, clay and silty clay in lower 
part and massive or horizontally-bedded silty clay and silt in upper part.  Upper 
part generally is clast free; in some places, iceberg-rafted granules, pebbles, 
cobbles, and boulders are common in lower part.  Clasts generally are absent on 
the surface.  Contains local thin, discontinuous beds, lenses, or stringers of sand or 
fine gravel; pockets or pods of iceberg-rafted granules and pebbles, or isolated 
rafted erratic cobbles or boulders.  Interbedded with sand, fine gravel, till, or 
flowtill in some places; some rare ice-rafted masses (clasts) of till are 1–2 m in 
diameter.  Graded beds, silt blebs and nodules, or rip-up clasts of till or lake silt 
and clay are present locally.  Strongly contorted, with slump structures, load 
structures, and folds, in some places.  Generally not faulted.  Dessication cracks 
are common in some places.  Commonly oxidized in upper 1–2 m; local iron oxide 
stains.  Soft to very firm; cohesive and compact.  Very plastic and sticky when 
moist; hard when dry.  Locally gritty.  Dry clay and silt commonly breaks into 
chips or blocks.  Clay minerals are dominantly montmorillonite.  Selenite 
(gypsum) crystals <6 mm in length are present locally in fractures and are 
abundant in saline lake sediment.  Secondary calcium carbonate concretions 
locally are present in upper part.  Gullies are common in some places.  Deposit is 
susceptible to landslide processes (chiefly slump) in exposures (see map unit jea).  
Most deposits are off-shore deposits of former lakes.  Present beneath flat plains 
and in small basins formerly occupied by glacial and postglacial lakes and ponds.  
Flat to hummocky surface topography.  Thin and discontinuous in some areas.  
Overlapped by flood-plain alluvium adjacent to some streams.  Includes lake silt 
and sand where lake clay, silt, and sand have not been distinguished.  Includes 
some till with a thin veneer of silt and clay.  Includes some ice-contact and 
outwash sand and gravel, small lake delta deposits, and bedrock outcrops.  In some 
places, lake clay and silt are overlain by eolian silt and sand, sheetwash alluvium, 
alluvial-fan deposits, or flood-plain alluvium.  Thickness 1–5 m, locally >15 m

LAKE SAND AND SILT—Grayish-yellow, yellowish-brown, grayish-brown, brown, 
yellowish-gray, olive-gray, brownish-gray, gray, or mottled, calcareous silt and 
sand mixed with minor clay and gravel.  Generally well stratified and well sorted.  
Typically horizontally-bedded or massive, fine or medium sand containing 
scattered granules or small pebbles.  Commonly interbedded or intercalated with 
massive, bedded or laminated, silt containing dropstones; in some areas, chiefly 
laminated silt and fine sand.  Commonly slumped and contorted on hillslopes.  
Detrital fragments of lignite (bedrock) are abundant in many areas, concentrated in 
sand crossbeds.  Clasts are chiefly subrounded and rounded erratic limestone, 
dolomite, and igneous and metamorphic rocks that were ice rafted or reworked 
from till.  Present beneath lake plains and in small basins formerly occupied by 
glacial and postglacial lakes.  Local relief  2–4 m.  Includes some lake clay and 
silt, flood-plain and channel alluvium, and till.  In many areas, overlies lake clay 
and silt.  Thickness 1–8 m, locally >10 m

LAKE CLAY, SILT, SAND, AND GRAVEL—Undivided deposit of lake clay, silt, 
sand, and fine gravel.  Overlain by eolian sand and silt in some places.  Includes 
inset and overlapping flood-plain and channel alluvium.  Descriptions of lake 
deposits in map units lca and lss apply.  Thickness 1–3 m, locally >10 m

LAKE AND EOLIAN SAND AND SILT—Complex map unit of lake sand and silt 
and eolian sand and silt.  Lake deposits in many places were reworked by wind and 
are overlain by eolian deposits

Eolian sand and silt—Yellow, yellowish-brown, olive-brown, grayish-brown, brown, 
brownish-gray, gray, or mottled windblown sand and silt in blanket-like deposits; 
local low dunes. Calcareous.  Well stratified; poorly sorted to well sorted.  
Typically loose, homogeneous, massive, fine sand and silt with faint beds or 
cross-beds.  Very friable; weakly compact; slightly hard; subangular blocky 
structure; not sticky or plastic when moist.  Generally clast free.  Contains 
discontinuous accumulations of secondary calcium carbonate in some places; 
stained by iron oxides locally.  Typically oxidized throughout.  In some places, 
contains root casts and weakly developed buried soils (humic horizons).  Mostly 
stable, with grass cover; local blowouts.  Undulating or rolling topography.  
Thickness 0.5–3 m; maximum 6 m

Lake sand and silt—Similar to deposits in map unit lss

COLLUVIUM,2  SHEETWASH ALLUVIUM,1 LAKE DEPOSITS, AND 
GLACIOFLUVIAL DEPOSITS—Complex map unit in abandoned meltwater 
channels and glacial lake outlet sluiceways.  Channel sides are sharply defined to 
indistinct.  Some of the channels and sluiceways are shallow, broad flats. In some 
places, lake deposits are overlain by eolian sand and silt.  Locally, glaciofluvial 
gravel and sand deposited by meltwater streams underlies the lake and alluvial 
deposits.  Valley sides are chiefly colluvium, sheetwash alluvium, till, lake 
deposits, and bedrock outcrops.  Isolated large boulders or lag deposits of cobbles 
and boulders are present on valley sides in some places.  Gullies locally are 
common on valley sides.  Channel alluvium is inset into other deposits; flood-plain 
deposits overlap some lake deposits.  Sheetwash alluvium locally overlaps other 
deposits on valley sides; in some places it mantles much of the fill on the valley 
floor.  Distinction of map units cad and caa is arbitrary in some areas.  Combined 
thickness of deposits is 1–10 m, locally >15 m

Colluvium—Similar to map unit caa.  Thickness 0.5–8 m
Sheetwash alluvium—Similar to map unit wla.  Thickness 0.5–4 m

 

 

 

 

 

 

 
 

 COLLUVIUM,2 SHEETWASH ALLUVIUM,1 AND LANDSLIDE 
DEPOSITS—Complex map unit on valley sides and eroded uplands.  Includes 
areas of lag sand and gravel over till and (or) bedrock; alluvial-fan and 
sheetwash-alluvium fan or apron deposits at bases of hillslopes and at mouths of 
gullies; lag boulder and cobble accumulations; sheet-wash-eroded or 
stream-eroded till or bedrock dissected by gullies; extensive areas of bedrock 
outcrop

Colluvium—Yellowish-brown, olive-brown, brown, olive, yellowish-gray, 
brownish-gray, gray, or mottled debris transported and deposited by 
mass-movement processes.  Calcareous or noncalcareous.  Loose to compact.  
Nonstratified or faintly stratified; nonsorted or poorly sorted.  Commonly massive.  
Where derived from local bedrock, colluvium typically is angular and subangular 
blocks, boulders, cobbles, pebbles, and granules of local bedrock in a clayey to 
sandy matrix.  Where derived from sand and gravel, typically it is sand or pebbly 
sand.  Where derived from glacial drift, typically it is boulders, cobbles, pebbles, 
and granules of erratic limestone and dolomite, erratic igneous and metamorphic 
rocks, and local sandstone and shale in a clayey to sandy matrix.  Three or more 
buried soils (humic horizons) locally are present in the colluvium; lignite (bedrock) 
fragments are ubiquitous in many areas.  Thickness 0.5–5 m

Sheetwash alluvium—Similar to map unit wla
Landslide deposits—Similar to map unit jea

HOLOCENE, LATE PLEISTOCENE, AND MIDDLE PLEISTOCENE
LOAMY COLLUVIUM2—Ownish-orange, yellowish-brown, orange-brown, 

olive-brown, grayish-brown, brown, brownish-yellow, yellowish-gray, olive-gray, 
brownish-gray, gray, or mottled loam and sandy loam in the Sweet Grass Hills.  
Calcareous or noncalcareous.  Nonstratified or weakly stratified; nonsorted or 
poorly sorted.  Generally pebbly or cobbly.  In most places, clasts are angular and 
subangular local bedrock: chiefly intrusive igneous rocks (syenite, syenite 
porphyry, and minor trachyte porphyry, diorite porphyry, and monzonite porphyry) 
and sedimentary rocks (sandstone, mudstone, shale, and minor limestone).  Glacial 
erratics from Canada are present in some places on the margins of the Sweet Grass 
Hills. Includes some landslide deposits, flood-plain and channel alluvium, 
pediment, alluvial-fan and alluvial-terrace deposits, and extensive bedrock 
outcrops.  Thickness 0.5–>6 m; maximum >15 m

FROST-RUBBLE AND TALUS-RUBBLE DEPOSITS—Blocks, slabs, flagstones, 
channers, boulders, and cobbles produced primarily by frost riving of trachyte 
porphyry, syenite porphyry, and syenite, and mass-movement of frost rubble.  Most 
of the rubble is interpreted to have been formed in a periglacial environment when 
the Sweet Grass Hills were surrounded by glacial ice.  Rubble is nonstratified and 
nonsorted; little or no matrix.  Includes landslide deposits, rock-fall and rock-slide 
deposits, talus-flow and debris-flow deposits, colluvium, and bedrock outcrops.  
Thickness generally >1 m; locally >10 m

HOLOCENE AND PLEISTOCENE
SLUMP-BLOCK LANDSLIDE DEPOSITS AND ROCKSLIDE DEPOSITS— 

Mapped only in the Sweet Grass Hills.  Most of the individual landslide deposits 
elsewhere in the quadrangle are too small to map at this scale.  Slump-block 
landslide deposits are masses of bedrock and unconsolidated materials that rotated 
or slid downslope as a unit, with little or no flow.  The physical properties of the 
transported materials are not greatly altered; original textures, stratification, 
bedding, and other sedimentary structures of slumped materials are disturbed but 
retained.  Toes of some deposits form sub-parallel, arcuate, concentric, hummocky 
ridges, separated by elongate swales.  Clasts in rockslide deposits are granules to 
slabs and blocks; some blocks are >3 m in diameter; some deposits are jumbled 
blocks.  Most of the mapped deposits are stabilized by vegetation.  Includes 
colluvium, frost-rubble and talus-rubble deposits, sheetwash alluvium, and bedrock 
outcrops.   Thickness 3–5 m, locally >10m

 

 
 

 

 

 

LATE WISCONSIN
LOAMY TILL—Sediment deposited chiefly by ice of a Laurentide continental ice 

sheet.  Informal Fort Assiniboine till of Fullerton and Colton (1986).  The till in the 
northwestern part of the quadrangle was deposited by the Shelby glacial lobe; the 
till in the northeastern part of the quadrangle was deposited by the Havre glacial 
lobe; the till in the southeastern part of the quadrangle was deposited by the Loma 
glacial sublobe (fig. 1). Regional ice flow patterns are recorded by ice-molded or 
ice-scoured landforms (shown by a symbol) and by the orientations of till ridges 
and meltwater channels (also shown by symbols).  Typical till is pale-yellow, 
grayish-yellow, yellowish-brown, olive-brown, grayish-brown, brown, 
brownish-olive, olive, yellowish-gray, brownish-gray, olive-gray, bluish-gray, gray, 
or mottled, calcareous clay loam and loam; in some areas it is clay, silty clay, silty 
clay loam, silt loam, sandy clay, or sandy loam.  Very gravelly in some places; 
where till directly overlies shale bedrock, the matrix commonly is >90 percent 
shale fragments.  In some places, till is interbedded with, intercalated with, or 
contains lenses, pods, and stringers of clay, silt, sand, or gravel.  Generally 
nonstratified; nonsorted or very poorly sorted.  Local weak horizontal layering 
where the ice margin fluctuated in a lake.  Commonly massive; cohesive to friable.  
In some areas, gritty or mealy; crude fissility.  Generally loosely compact or 
compact, but not hard.  Sandy till is loose to firm; silty till is firm.  Clayey till is 
soft, slightly sticky to sticky, and slightly plastic to plastic when moist; hard when 
dry.  Dry till in some places breaks into small angular flakes and plates that have 
sharp edges; blocky structure in some other places.  Parting typically is irregular or 
prismatic.  Clay minerals are dominantly montmorillonite.  Widely spaced, 
weakly-developed joints are common; in some places, joint surfaces are coated by 
powdery calcium carbonate or gypsum, or both.  Joint or parting surfaces are 
locally weakly stained by iron or manganese oxides.  Selenite (gypsum) crystals 
1–3 mm long are present on joint surfaces in some places.  Fragments of lignite 
(bedrock) are ubiquitous in till.   Nearly pebble free to very pebbly; cobbles and 
boulders are rare to abundant.  Largest erratic boulders are >2 m in diameter.  
Clasts of older till and clasts of lignite (bedrock) as large as 2 m in diameter locally 
are included in the till.  Glaciotectonic blocks or rafts of shale or sandstone tens of 
meters in length locally are included in the till.   Pebbles in typical till are chiefly 
subangular to rounded erratic limestone and dolomite and erratic igneous and 
metamorphic rocks from the Canadian Shield; where till is derived primarily from 
local bedrock, pebbles are chiefly angular to subrounded shale, siltstone, and soft 
sandstone; where derived from Tertiary and Quaternary gravel, pebbles are chiefly 
quartzite, argillite, chert, and chert conglomerate from the mountains to the west or 
volcanic rocks from the south.  Cobbles and boulders are chiefly subangular to 
well-rounded, erratic granite, pegmatite, gneiss, schist, diorite, and other igneous 
and metamorphic rocks from the Canadian Shield; less abundant erratic limestone 
and dolomite from Saskatchewan and Manitoba, and quartzite from the Rocky 
Mountains.  Till everywhere is generally unstable; it moves by creep on hillslopes; 
slumps in exposures.  Till is thin and discontinuous in many areas; locally the map 
unit includes exhumed till of Illinoian and (or) pre-Illinoian age that is exposed at 
the surface.  Includes some glaciotectonic deposits (symbol IT), flowtill, mud-flow 
and debris-flow deposits, and landslide deposits.  Includes areas of till that were 
modified by waves and currents in glacial lakes, with a surface litter of cobbles and 
boulders or a discontinuous cover of lake clay, silt, and sand.  Includes some lake 
delta deposits, outwash and ice-contact sand and gravel, flood-plain and channel 
alluvium, and bedrock outcrops.  Locally overlain by colluvium, sheetwash 
alluvium, lake clay, silt, and sand, or eolian sand and silt.

Ground-moraine deposits—Integrated drainage; flat, rolling, or undulating surface 
topography.  In some places, includes some collapsed supraglacial sediment 
(stagnation moraine deposits) and small end moraine deposits.  Maximum slope 
angles are generally less than 4°.  Local relief is generally <3 m.  Thickness 0.5–2 
m; maximum thickness >6 m.  Overlies older till in most areas; till thicknesses of 
>10 m generally include thicknesses of older subsurface tills

End-moraine  deposits—Till characterized by (1) broad, long belts of hummocky or 
undulating ridges or (2) belts of narrow, discontinuous, sharply defined ridges that 
delineate the configurations of vanished ice margins.  Large areas mapped between 
the Sweet Grass Hills are complexes of till ridges.  Shallow closed depressions and 
lag cobbles and boulders are common on the surface in some areas.  Local relief in 
some places is 4–>10 m.  Till end-moraine deposits are locally replaced laterally by 
kame-moraine deposits that are included in the map unit.  In some places, 
boundaries between end-moraine deposits and stagnation-moraine or 
ground-moraine deposits are transitional, and contacts are arbitrary.  Thickness 
4–15 m, locally >20 m

Stagnation-moraine deposits—Till characterized by hummocky or knob-and-kettle 
collapsed topography.  Generally lacks distinct, continuous ridges.  Nonintegrated 
or poorly integrated drainage; shallow ephemeral ponds, sloughs, and depressions 
are common.  Ice-block depressions (kettles) are abundant in some areas.  Local 
relief is generally >3 m; in some places 40 m.  In some places, deposits include 
glaciotectonically-folded and ice-thrust masses of bedrock (see symbol IT).  Map 
unit includes collapsed glacial sediment (till and flowtill), collapsed supraglacial 
lake clay, silt, and sand, and outwash and ice-contact sand and gravel.  Glacial, 
glaciolacustrine, glaciofluvial, and alluvial sediments were redeposited by mass 
movement (flow and sliding) as a result of melting of buried ice long after initial 
deglaciation.  In some places, boundaries between stagnation-moraine deposits and 
ground-moraine or end-moraine deposits are transitional and contacts are arbitrary.  
Thickness 4–20 m, locally 40 m

KAME-MORAINE DEPOSITS—Ice-contact gravel, sand, and minor silt similar to 
deposits in map unit kg.  Description of map unit kg applies.  Comprises segments 
of end moraines; gently to steeply sloping ridges or aligned hummocks and hills 
(kames) of sand and gravel.  Relief is generally 4–10 m.  Kame moraine deposits in 
some places are replaced laterally by till end-moraine deposits that are included in 
the map unit.  Thickness 4–l5 m, locally >20 m

ICE-CONTACT SAND AND GRAVEL—Deposited on or against glacial ice; 
sediment collapsed when ice subsequently melted.  Pale-yellow, brownish-yellow, 
grayish-yellow, reddish-brown, yellowish-brown, olive-brown, grayish-brown, 
brown, olive, yellowish-gray, olive-gray, brownish-gray, gray, or mottled, 
calcareous sand and gravel and minor silt.  Textures vary abruptly, laterally and 
vertically.  Locally, map unit is dominantly boulder or cobble gravel; in some 
places, pebbly silt and fine sand.  Sand and gravel commonly are interbedded with 
or contain lenses, inclusions, or clasts of clay, silt, till, or flowtill.  Poorly to well 
stratified; poorly to moderately sorted.  Irregularly bedded to well bedded; beds are 
discontinuous laterally.  Faults, folds, and slump and collapse structures are 
common.  Gravel locally is cemented by iron oxides or secondary calcium 
carbonate in zones; intense iron-oxide stains on some clasts.  Clasts are subrounded 
to well rounded; clast composition is similar to that of associated till.  Typically, 
shale clasts are much less abundant than in associated till; resistant erratic clasts are 
more abundant.  In some places, includes blocks (clasts) of redeposited till.  
Fragments of lignite (bedrock) are ubiquitous in many places.  Surfaces are flat to 
undulating or hummocky to knobby.  In some areas deposits form isolated mounds 
or irregular hills.  Commonly pitted with shallow ice-block depressions (kettles).  
Boulder litters are present locally on the surface.  Local relief is generally 3–15 m, 
locally >20 m.  In some places, deposits were modified by waves and currents in 
lakes; the ice-contact deposits are overlain by thin, discontinuous, lake clay, silt, 
sand, and gravel.  Distinguished from kame-moraine deposits (map unit ke) 
arbitrarily in some areas.  Includes some kame-moraine deposits, kame-delta 
deposits, and lake-delta deposits.  Also includes some outwash sand and gravel, 
lake clay, silt, and sand, inset flood-plain and channel alluvium, till, and bedrock 
outcrops.  Locally overlain by till or flowtill; in some areas overlain by eolian silt 
and sand.  Thickness 1–10 m, locally >15 m

OUTWASH SAND AND GRAVEL—Sediment deposited in subaerial meltwater 
streams.  Pale-yellow, brownish-yellow, grayish-yellow, reddish-brown, 
yellowish-brown, olive-brown, grayish-brown, brown, olive, yellowish-gray, 
brownish-gray, olive-gray, gray, or mottled, calcareous sand, pebbly sand, and 
gravel; locally pebbly sand and silt.  Poorly to well stratified; poorly to well sorted.  
Stratification typically (1) horizontal beds of well-sorted sand, (2) pebbly sand with 
ripple-drift, cut-and-fill, planar, or trough crossbeds, or (3) interbedded pebbly sand 
and pebble, cobble, or boulder gravel.  Local lenses or beds of silt and clay; local 
boulder beds; local blocks (clasts) of till or masses of flowtill.  Clasts are 
subangular to very well rounded; diameter of largest clasts generally decreases in 
downstream direction in valley train deposits.  Clast composition generally is 
similar to that in local till; locally dominantly shale or dominantly redeposited 
quartzite, argillite, chert, and chert conglomerate derived from older gravel.  
Boulders and large cobbles are chiefly subangular or subrounded, reworked, glacial 
erratics (limestone, dolomite, granite, pegmatite, gneiss, schist, diorite, and other 
igneous and metamorphic rocks).  Fragments of lignite (bedrock) are ubiquitous in 
many areas.  Clasts in some places are intensely stained by iron oxides or 
manganese oxides; gravel is locally cemented by secondary calcium carbonate.  
Surfaces are smooth, undulating, or gently rolling.  Local relief is 1–5 m.  Includes 
some till, ice-contact sand and gravel, lake-delta deposits, inset flood-plain and 
channel alluvium, and bedrock outcrops.  In some areas, deposits were modified by 
waves and currents in lakes, and outwash sand and gravel is overlain by lake clay, 
silt, and sand.  Locally overlain by eolian silt and sand.  Thickness 1–4 m, locally 
>10 m

 Some of the sand and gravel mapped as outwash deposits possibly is early 
postglacial alluvium.  Precipitation and runoff likely were greater than at present 
for several thousand years after initial deglaciation, and glacial, ice-contact, 
glaciofluvial, and glaciolacustrine sediments were eroded and redeposited as 
alluvial fills.  The surface morphology, clast composition, and sedimentary 
structures of the deglacial outwash and early postglacial alluvium are similar, and 
the deposits have not been distinguished on published maps

LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSITS—Pale-yellow, 
grayish-yellow, yellowish-brown, brown, brownish-gray, olive-gray, gray, or 
mottled, calcareous silt, sand, and gravel.  Well stratified; generally well sorted.  
Chiefly laminated silt and very fine sand interbedded with thin layers of clay or 
fine to coarse sand.  Average grain size decreases from top to bottom.  Foreset beds 
are absent; basal sediments commonly are lake clay and silt, but they are not delta 
bottomset beds.  Silt and sand are crossbedded or horizontally bedded; ripple-drift 
lamination is common.  Clasts are mixed rocks derived from surficial deposits and 
bedrock that were eroded, transported, and deposited by catastrophic-flood 
drainage into a glacial lake.  Mapped at several localities east of Conrad.  
Thickness 3–>10 m

DELTA  SAND AND GRAVEL—Brownish-yellow, yellowish-brown, olive-brown, 
grayish-brown, brown, olive, brownish-gray, olive-gray, gray, or mottled, 
calcareous clay, silt, sand, and gravel.  Moderately or well stratified; moderately or 
well sorted.  Bottomset beds generally are absent.  Foreset beds are 
ripple-laminated or planar-bedded, coarse to fine sand and silt and well-sorted sand 
and gravel.  Topset beds are (1) well-sorted coarse sand and gravel, (2) 
moderately-well sorted gravelly sand, or (3) planar-bedded, trough-crossbedded, or 
ripple-laminated fine or medium sand.  Grain size of sediment in topset beds varies 
abruptly, laterally and vertically.  Cobbles and boulders are common.  Clasts are 
chiefly subangular; clast composition is chiefly local bedrock because the delta 
formed at the mouth of a lake spillway channel that was deeply incised into 
bedrock.  Mapped only in the southwest corner of the quadrangle.  Some small 
delta deposits are included in lake silt and sand (lss) and undivided lake deposits 
(lu).   Thickness 3–10 m

PLEISTOCENE AND PLIOCENE
PEDIMENT, ALLUVIAL-FAN, AND FLUVIAL-TERRACE DEPOSITS— White, 

pink, reddish-yellow, yellow, yellowish-brown, reddish-brown, orange-brown, 
olive-brown, brown, brownish-yellow, yellowish-gray, olive-gray, brownish-gray, 
gray, or mottled gravel, sand, and silt.  Calcareous or non-calcareous.  Poorly to 
moderately well stratified; poorly to moderately well sorted.  Boulders, cobbles, 
pebbles, and granules in a sand and silt matrix.  Clasts in pediment and alluvial-fan 
deposits are chiefly subangular; clasts in fluvial-terrace deposits are subangular, 
subrounded, or rounded.  Clast lithologies are chiefly syenite, syenite porphyry, 
trachyte porphyry, diorite porphyry, monzonite porphyry, sandstone, and shale.  
Fluvial deposits are present beneath multiple terrace surfaces on the Sweet Grass 
Hills; at least three surfaces are older than the late Wisconsin till.  Till deposited 
during at least two pre-Wisconsin glaciations overlies buried pediment, alluvial 
fan, and terrace deposits in the subsurface; however, only the late Wisconsin 
surface till is mapped.  Includes some colluvium, sheetwash alluvium, eolian silt 
and sand, and bedrock outcrops.  Thickness generally 1–4 m, locally >10 m

PRE-QUATERNARY
BEDROCK

1Sheetwash alluvium, for purposes of this map, is material that was transported and deposited by unconfined 
running water, chiefly sheet flow and rill wash.

2Colluvium, for purposes of this map, is material that was transported and deposited by slow 
mass-movement processes, chiefly creep.
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 LIST OF MAP UNITS

HOLOCENE AND LATE WISCONSIN

EXPLANATION OF MAP SYMBOLS

FLOOD-PLAIN AND CHANNEL ALLUVIUM

ALLUVIAL-FAN DEPOSITS 

LOAMY AND CLAYEY SHEETWASH ALLUVIUM

LAKE CLAY AND SILT

LAKE SILT AND SAND

LAKE CLAY, SILT, SAND, AND GRAVEL

LAKE AND EOLIAN SAND AND SILT

COLLUVIUM, SHEETWASH ALLUVIUM, LAKE DEPOSITS, AND 
  GLACIOFLUVIAL-FILL DEPOSITS
COLLUVIUM, SHEETWASH ALLUVIUM, AND LANDSLIDE DEPOSITS

HOLOCENE, LATE PLEISTOCENE, AND MIDDLE PLEISTOCENE
LOAMY COLLUVIUM

FROST-RUBBLE AND TALUS-RUBBLE DEPOSITS

HOLOCENE AND PLEISTOCENE
SLUMP-BLOCK LANDSLIDE DEPOSITS AND ROCKSLIDE DEPOSITS

LATE WISCONSIN
LOAMY TILL

Ground-moraine deposits

End-moraine deposits

Stagnation-moraine deposits

KAME-MORAINE DEPOSITS

ICE-CONTACT SAND AND GRAVEL

OUTWASH SAND AND GRAVEL

LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSITS

DELTA SAND AND GRAVEL

PLEISTOCENE AND PLIOCENE
PEDIMENT, ALLUVIAL-FAN AND FLUVIAL-TERRACE DEPOSITS 

PRE-QUATERNARY
BEDROCK

Known or suspected glaciotectonic deposits or glaciotectonic 
   terrain—Bedrock and surficial deposits that were thrust, stacked, and 
   deformed by glacial ice.  Chiefly (1) tilted bedrock blocks overlying till and 
   stratified sediments; (2) stacked or imbricated slices of bedrock, till, and 
   stratified sediments that form parallel or concentric ridges; or (3) deformed 
   masses of bedrock and surficial deposits characterized by overturned folds.  
   Some glaciotectonically transported materials are covered by till that was 
   deposited by overriding ice.  Thickness 5–>30 m

Contact

Shoreline

Limit of late Wisconsin glaciation on the Sweet Grass Hills

Limit of Illinoian glaciation on the Sweet Grass Hills

Limit of a late Wisconsin glacial readvance, or position of
   a significant stillstand of an ice margin—Ticks are on the
   side of the advance

Inferred limit of a glacial readvance marked by the distal margin 
   of glaciotectonic deposits or glaciotectonic structures

Marginal end moraine—Single till ridge formed along the margin of an ice lobe

Interlobate moraine—Broad till ridge formed at the junction of two ice lobes
   south of East Butte of the Sweet Grass Hills

Minor moraines—Mostly till.  Most of the ridges delineate the configurations of vanished
   ice margins.  Local relief of ridges typically is 2–10 m.  Includes "annual moraines,"
   "washboard moraines," "small moraines," "corrugated moraines," and "transverse ridges"
  

Ice-margin alignment interpreted from ice-margin drainage channels and
   till ridges

Ice-molded or ice-scoured landform—Linear drumlin, rock drumlin, or fluting.  Long
   axis of symbol is parallel to the direction of ice movement.  Some symbols represent more than
   one landform

Esker—Subglacial or englacial stream deposit

Buried bedrock valleys of the ancestral Marias and Missouri Rivers—
   A middle Pleistocene fill deposit is present in the subsurface in the buried valleys.  It is
   not well exposed in the Shelby quadrangle, but it is well exposed in the adjacent Havre
   quadrangle in the vicinity of Havre (Fullerton and others, 2012).  The alluvial and lacustrine
   fill deposit commonly includes, from younger to older:  glacial lake sediment of Illinoian age;
   nonglacial overbank and channel alluvium and pond or lake deposits of pre-Illinoian age; and
   glacial lake deposits of pre-Illinoian age.  The fill deposits are overlain by eolian deposits,
   channel and flood-plain alluvium, sheetwash alluvium, lake deposits, and till units of late
   Wisconsin and Illinoian age (informal Fort Assiniboine and Herron Park tills, respectively, of
   Fullerton and Colton, 1986).  The fill deposits overlie till of pre-Illinoian age (upper unit of
   informal Havre till of Fullerton and Colton, 1986); lake and fluvial deposits; a paleosol in the
   lower unit of Havre till; glacial lake deposits; and nonglacial fluvial gravel from the mountains
   to the south and west.  The basal nonglacial gravel beneath the fill deposits contains Irvingtonian
   vertebrate fossils; the fill contains rare vertebrate (ungulate) fossils   
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Figure 1.  Regional ice flow during maximum
  late Wisconsin glaciation.
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