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| =R aga GLACIO-FLUVIAL
\\r ‘ B DEPOSITS LANDSLIDE
\ @ $ HOLOCENE AND LATE WISCONSIN DEPOSITS
%\.,\ ,\\\\ : 3 ths NS i GLACIAL ICE-CONTACT ALLUVIAL LACUSTRINE COLLUVIAL BEDROCK
Q§\‘\:§ Ek = c afj ALLUVIAL-FAN DEPOSITS DEPOSITS  DEPOSITS DEPOSITS DEPOSITS DEPOSITS -
- A7 A v End-moraine deposits—Till characterized by (1) broad, long belts of hummocky Colton, 1986). The fill deposits overlie till of pre-Illinoian age (upper unit of
S - e - v . . . . ’. . .
\”\\\ ‘ ks ) - I\ g . al FLOOD-PLAIN AND CHANNEL ALLUVIUM 3 or undulating ridges or (2) belts of narrow, discontinuous, sharply defined Havre till of Fullerton and Colton, 1986); lake and fluvial deposits; a
2 L \al ' ==z=——="/ /4 : ‘ Holocene ridges, that delineate the configurations of vanished ice margins. Some paleosol in the lower unit of Havre till; glacial lake deposits; and nonglacial
\l g alt FLOOD-PLAIN AND CHANNEL ALLUVIUM AND LAKE DEPOSITS N\ mapped end-moraine deposits are suites or complexes of push-moraine fluvial gravel from the mountains to south and west (see IMPORTANT
ks . J \ A deposits. Shallow closed depressions and lag cobbles and boulders are STRATIGRAPHIC SECTIONS, #1). The basal nonglacial gravel beneath
s < T LAKE CLAY AND SILT LATE WISCONSIN late common on the surface in many areas. Local relief in some places is 4-10 the fill deposit contains Irvingtonian vertebrate fossils; the fill contains rare
7 7 — ~ - T Plei m. Till end-moraine deposits are locally replaced laterally by kame-moraine vertebrate (ungulate) fossils. The thick alluvial and lake deposits of the fill
. eistocene . . . . .
\ {(7 U Y\( LAKE CLAY, SILT, SAND, AND GRAVEL deposits (ke) that are included in the map unit. In some areas, boundaries are chiefly silt and fine sand with scattered granules and pebbles; generally
f N - g . - - . i . o . ; )
y | o N LAKE AND EOLIAN SAND ANDSILT ; bt emorine st nd st morie o ol v s M 1l bl o gl
4 ~A, 4N : : : fs. aces
. NG ILLINOIAN : . locally >20 m pre-Illinoian Havre till, likely produced by slump or collapse of stream
s oul =73 g / | *{ COLLUVIUM, SHEETWASH ALLUVIUM, LAKE DEPOSITS, AND middle > Pleistocene » QUATERNARY Stagnation-moraine deposits—Till characterized by hummocky or banks. Thickness 1->20 m
Ra} oulee J o : GLACIOFLUVIAL DEPOSITS Pleistocene isti i ’
ESErog S e ﬁ N ) = PRE-ILLINOIAN knob-and-kettle collapsed topography. Generally lacks distinct, continuous
== ) tks  Hogeland g ‘ caa COLLUVIUM, SHEETWASH ALLUVIUM, AND LANDSLIDE DEPOSITS y ridges. Nonintegrated or poorly integrated drainage; shallow ephemeral
\b - S / N \i 0 ponds, sloughs, and depressions are common. Ice-block depressions (kettles) PRE-QUATERNARY
o N ary e -~ | \ / carly are abundant in some areas. Local relief is generally >3 m; locally 40 m BEDROCK-—Includes some badland terrain
eservoir H / ( T2 \ 4 N R HOLOCENE, LATE PLEISTOCENE, AND MIDDLE PLEISTOCENE . northeast of the Boundary Plateau. In some areas, deposits include
‘ y % o= ] /* S ) = s NS b Pleistocene glaciotectonically folded and ice-thrust masses of bedrock (symbol IT). Map .
‘ \ B\ - / B }» . \\\ : LOAMY COLLUVIUM . unit includes collapsed glacial sediment (till and flowtill), collapsed Sheetwash alluvium, for purposes of this map, is material that was transported and deposited
y North Chingak A - /J \\ " w\\ Pliocene TERTIARY supraglacial lake clay, silt, and sand, and outwash and ice-contact sand and ) by unconfined running water, Chleﬂy} sheet flow and rill wash. )
AN &\ § \Reservair \‘ Dol S : &\\ LOAMY COLLUVIUM gravel. Glacial, glaciolacustrine, glaciofluvial, and alluvial sediments were C0Huvmx;sf(s)rrgsrz(rﬁeezto;rtc)hcl‘:s:l;p’cllfi:tllatecr:;hat was transported and deposited by slow
0 AR\ ] /i . 5 L 101 . s . -mov 5 y .
i \\7 \ \\'\\‘ g o “b e S . 1 g \\ == CLAYEY OR LOAMY COLLUVIUM, DISINTEGRATION RESIDUUM, AND redéposlted by mass .m,oyemem (ﬂovy and sliding) as a result of meltlng of Disintegr'ation residuum, for purposes of 'this map, ig material that was derivet'i primz?rily from
S \ X ‘ ‘@Q“« ( 8 i B 7 tks SHEETWASH ALLUVIUM buried %Ce long aﬁer lnltla} deglaciation. In Some areas, boundarles betvyeen in-place mechanical disaggregation of clastic bedrock or other materials, with no
— N O \ A / ! 1 L 2N . SN stagnation-moraine deposits and ground-moraine or end-moraine deposits appreciable lateral transport. It is an earth material, not sediment or a deposit.
Lake Thibadeau & 3 0 y 1% \/ fp N( = i are transitional and contacts are arbitrary. Thickness 4-20 m, locally 40 m Where residuum is thin, pedogenic soils may extend through the residuum to or into
I NI (N > r% : Gan - \ /’ HOLOCENE AND PLEISTOCENE bedrock.
TEs / ~ . i = Y ' i ) - > ths KAME-MORAINE DEPOSITS—Ice-contact gravel, sand, and minor silt similar
N ] N L . = ‘ i . s — / : SLUMP-BLOCK LANDSLIDE DEPOSITS AND ROCKSLIDE DEPOSITS to deposits in map unit kg. Description of map unit kg applies. Comprises
‘}7 Martip Lake E \ : / Y = \’x\ segments of end moraines; gently to steeply sloping ridges or aligned
-+ I\ / ﬁ 5 ( \ 21 ' , PLEIST ENE DESCRIPTION OF MAP UNITS to moderately well stratified; poorly or moderately well sorted. Massive, hummocks and h}lls (kames) of sand and gravel. Relief is generally 4.—10 m. SOURCES OF INFORMATION .
SV \ ‘ > 5 = 3 = ‘ . = STOCEN thinly laminated. or with weak horizontal beddine. Disseminated oreanic Sand and gravel in some places are replaced laterally by till end-moraine Alden, W.C., 1924, Physiographic development of the northern Great Plains: Geological
)( | ‘Q \ i S i \ AN [Map unit thickness is typical range; in some areas the map units may be thicker or Y > . 8. LIS . g deposits that are included in the map unit. Mapped only in or adjacent to the Society of America Bulletin, v. 35, p. 385-423
| O A L~ / N . \ LAKE CLAY. SILT. SAND. AND GRAVEL hi han the oi All of th d till unit inf 1 all ti hi matter is abundant in some places; local thin buried soils (humic horizons). - X : s : ANl ol : .
\1: ! = \ ) S lo o ) f > > > thinner than the given range. of the named till units are informal allostratigraphic Fossiliferous (gastropod tests) locally. Fragments of lignite (bedrock) are valley of the Milk River east of Chinook. Thickness 4-15 m, locally >20 m Alden, W.C., 1932, Physiography and glacial geology of eastern Montana and adjacent
5 % units . : i i
‘ s )\ =3, 13 R %ﬂz 2 ) 7 ] common in many areas. Generally calcareous and alkaline; saline in some . . o areas: U.S. Geological Survey Professional Paper 174, 133 p. . .
' /O 7~K a Lakeﬂ, e, : | ‘ N A = 7 / LATE WISCONSIN places. Clast free or with scattered granules and small pebbles, or with ICE-CQNTACT SAND AND ‘GRAVEL—Deposued on or against glacial ice; Alverson, D.C., 1965, Geology and hydrology of the Fort Belknap Indian Reservation,
- \\ : \ N ‘\ : B SO NEN [ /\ : - HOLOCENE AND LA.TE WISCONS.IN stringers, pods, and lenses of granule or pebble gravel. Commonly sediment collapsed when ice subsequently melted. Pale-yellow, Montana: U.S. Geological Survey Water-Supply Paper 1576-F, p. F1-F59.
A\ / ‘ \ : N ~ \ \ < Q Q%* o } ) Py LOAMY TILL afj ALLUVIAL-FAN DEPOSITS —Yellowish-brown, grayish-brown, interbe d(’ie d wi,th well-sorted, pebbly, coarse silt and v;:ry fine sand. Mixed brownish-yellow, grayish-yellow, reddish-brown, yellowish-brown, Bergantino, R.N., 2001, Geologic map of the Dodson 30' x 60" quadrangle, north-central
A \ E ®0 J:J//_// ~ R 5 \‘%@ﬁ NQ\ 3 \ q/ . Lo§ , Ground-moraine deposits yellowish-gray, brownish-gray, gray, or mottled clay, silt, sand, and gravel. intercalated. or interbedded v,vith eoli,an sand and silt or flood- lain. alluviur’n olive-brown, grayish-brown, brown, olive, yellowish-gray, olive-gray, Montana: Montana Bureau of Mines and Geology Open-file Report MBMG 439, 9
J N E \4 N L 3 \l i G o~ Calcareous. Poorly to well stratified; poorly to well sorted. Poorly sorted . ’ S . o0¢p - brownish-gray, gray, or mottled, calcareous sand and gravel and minor silt. p., map scale 1:100,000.
. 23 = s S ( n o A . . ravel and pebbly sand near fan anex. sradine to pebbly silt and clay near in some places. Clayey alluvium is soft, sticky, and plastic where moist; . . 0, K .
= ; 7 Z, AN Q% { 19 0 End-moraine deposits gravel and pebbly sand near 1an apex, grading 10 pebbly S1lt and clay neal h. hard. and blocky where dry. Cl ineral dominantl Textures vary abruptly, laterally and vertically. Locally, map unit is Bergantino, R.N., Patton, T.W., and Sholes, M.A., 2003, Geologic and structure contour
7, ) e L5 toe. Clasts are subaneular t Il rounded. Includ me sheetwash tough, hard, and blocky where dry. Clay minerals are dominantly . e . : ) )
= 4/)/) ( ﬁ 1 oc. Llasts are subangular to well rounded. Includes some sheetwas, o . - . dominantly boulder or cobble gravel; in some places, pebbly silt and fine map of the Harlem 30' x 60' quadrangle, north-central Montana: Montana Bureau
K Z )))))ﬂ %, L / Q & . . . alluvium and flood-plain and channel alluvium. Mapped only southwest of montmorillonite. Granules and pebbles are chiefly local clastic sedimentary . ’ . . -
Z -, - N / 2 Stagnation-moraine deposits P 1 ! - Mapp Yy SO Lo . S . - sand. Sand and gravel commonly are interbedded with or contain lenses, of Mines and Geology Open-file Report MBMG 468, 7 p., map scale 1:100,000.
‘ e, g - ( =5 N Havre. Small alluvial-fan deposits are included in other map units. rocks; minor redeposited erratic limestone, dolomite, and igneous and inclusions, or clasts of clay, silt, till, or flowtill. Poorly to well stratified; Bergantino, R.N., Porter, K.W., and Hearn, B.C., Jr., 2002, Geologic map of the Rock
a o s . & . . Thick 0.5-10 m: . thick >10 metamorphic rocks in glaciated areas. Included in other map units in many ’ ¥ SI1L UHL ’ Y ’ ergantino, 1.1, torter, &.W., eam, 5.5, JT., » eologic map of the Rocky
~ N hdo ‘ Y ) } N S / 1 KAME-MORAINE DEPOSITS ickness 0. m; maximum thickness m areas. Where sheetwash alluvium directly overlies flood-plain alluvium o poorly to moderately sorted. Irregularly bedded to well bedded; beds are Boy 30' x 60' quadrangle, north-central Montana: Montana Bureau of Mines and
L S Ve Nl ; P ; : . . . discontinuous laterally. Faults, folds, and slump and collapse structures are Geology Open-file Report MBMG 451, 15 p., map scale 1:100,000
5 ‘ d 3 P : 3 — . lake deposits, ly th t ash tact between the deposits. Y 1O, p P gy Lp p ; 1> P, Map A
— | “ 7 . N iy 7 \‘g j . ICE-CONTACT SAND AND GRAVEL al FLOOD-PLAIN AND CHANNEL ALLUVIUM—Yellowish-brown, axe Aeposits, commonty there 15 not a sharp contact between the deposits common. Gravel locally is cemented by iron oxides or secondary calcium Briar, D.W., and Christensen, P.K., 1993, Lithologic logs of observation wells and test
I8 >4\ o live-b ish-brown. br live. vellowish-cray. brownish-or Thickness 1-4 m, locally >10 m . » . . . O - .
7 \ A \ OUTWASH SAND AND GRAVEL OI}Ve rown, gra}l;lls . own, 1°ZVni o ?1» ye (zlw S dg ay, X 08’ | sh-gray, Landslide deposits—Similar to deposits in map unit jea carbonate in zones; intense iron-oxide stains on some clasts. Clasts are holes drilled in 1987 in valley fill along the north flank of the Little Rocky
Y — . olive-gray, gray, black, or mottled clay, silt, sand, and gravel. Calcareous or ' subrounded to well rounded; clast composition is similar to that of associated Mountains, Fort Belknap Indian Reservation, north-central Montana: U.S
. — L = = \ : idi ; ; ; i i i ol ot Alo.
o / % ) ; — d / ‘ ] S —~ " noncalcareous; partly or completely oxidized. Clasts angular to well till. Typically, shale clasts are much less abundant than in associated till; Geological Survey Water-Resources Investigations Report 92-4163, 41 p.
- A / ”*” 4 \,57 0 i Vd p FLOOD DEPOSITS rounded. Clast composition reflects composition of other surficial materials i i i i i
|; (/ & wes Lak ) < W Fbodrock i dlr3 : g 'le P Py OLOCENE, LATE PLEISTOCENE, AND MIDDLE PLEISTOCENE resistant erratic clefsts are more abundant. .In some p.laces, includes blocks Briar, D.W.,. Chnstens.ep, PK., and Oellermapn, D.J., 1993, Hydrology of valley fill apd
Y | and bedrock in the drainage basin. Fossiliferous (gastropod, pelecypod, an LOAMY COLLUVIUMZ Yellowish-b livedh sheb (clasts) of redeposited till. Fragments of lignite (derived from bedrock) are potential for additional ground-water withdrawals along the north flank of the Little
N o) vertebrate remains; wood fragments and plant detritus) in some places. v —Yellowish-brown, olive-brown, grayish-dbrown, iqui i i ; i i - .
. PLEISTOCENE AND PLIOCENE I o o, oo g p el ) ", p N brown, yellowish-gray, olive-gray, brownish-gray, gray, or mottled loam and abundant and ubiquitous in many places. Sgrfaces are flat to undulating or Rocky Mountams, Fort Belknap Indian Resewgtlon, north-central Montana: U.S.
p units in many areas. Includes some sheetwas . L . hummocky to knobby. In some areas deposits form isolated mounds or Geological Survey Water-Resources Investigations Report 92-4162, 86 p.
(o ar; alluvium, alluvial-fan deposits, alluvium beneath low terraces, outwash and sand.y loam derlveq frorp ma.ﬁc. and felsic 1sneous rocks. .On 1s01?. fed irregular hills. Commonly pitted with ice-block depressions (kettles) Bryant, Bruce, Schmidt, R.G., and Pecora, W.T., 1960, Geology of the Maddux
\ o S\ o2 % PEDIMENT, ALLUVIAL-FAN, AND FLUVIAL-TERRACE DEPOSITS ice-contact sand and eravel. lake denosits. and bedrock outer Alluvium glaciated igneous intrusions it includes some till and glacial erratic clasts. g . yp P N ) ryant, § N . > > gy )
> R mQ ) 2) S \S Ice-contact sand and gravel, lake deposits, and bedrock outerops. Alluviw Noncalcareous or calcareous. Nonstratified or weakly stratified: nonsorted Boulder litters are present locally on the surface. Local relief is generally quadrangle, Bearpaw Mountains, Blaine County, Montana: U.S. Geological Survey
% = &= in some areas is dominantly redeposited outwash, ice-contact deposits, and L y ’ 3-15 m, locally >20 m. In some places, deposits were modified by waves Bulletin 1081-C, p. 91-116
N €Y ﬁ 2 S lake deposits. Southwest of Havre, alluvium overlies a thick fill of older or poorly sorted. Nonplastic when damp; firm when dry. Pebbly to cobbly; and cur;ents in lakes; tile ice-contact de, osits are overlain by thin Calh FH.H 1908p'i“h M .tana lobe of the Keewatin ice sheet: U.S. Geological
- 3 ~ b ILLINOIAN : : : : : : : : _ largest clasts locally are boulders or blocks. Clasts generally are angular and . . > P overiam by i oun, 1.1, 1706, 1 he Mon 0be ol the Beewatin 1ce sheet: U.s. beologle
= A fluvial, glaciofluvial, and glaciolacustrine deposits and till. Thickness 1-6 discontinuous lake clay, silt, sand, and gravel. Distinguished from Survey Professional Paper 50, 62
3 s b \ locally >15 subangular granules, pebbles, cobbles, boulders, channers, flagstones, slabs, . ay, silt, sand, gravel. Listing o Y per S0, 62 p. o
B ‘,‘\ s o ‘ ‘ | LOAMY OR SANDY LOAMY TILL m, Jocally >15 m ) ) _ and blocks of syenite, latite, trachyte, shonkinite, monzonite, phonolite, and kame-moraine deposits (map unit ke) arbitrarily in some areas. Includes Christiansen, E.A., 1979, The Wisconsinan deglaciation of southern Saskatchewan and
R 112 Vi [y X S % . . Flood-plain alluvium—Chiefly poorly-sorted to well-sorted clay, silty clay, silty o ’ ’ ’ ’ ’ ’ some kame-moraine deposits, kame-delta deposits, and lake-delta deposits. adjacent areas: Canadian Journal of Earth Sciences, v. 16, p. 913-938.
e 3 tks Ground-moraine deposits clay loam, clayey silt, and silt with scattered granules and pebbles; locally, flow breccia; in some places clasts are sandstone, mudstone, or shale (see Also includes some outwash sand and gravel, lake clay, silt, and sand, inset Clayton, Lee, and Moran, S.R., 1982, Chronol f late Wi inan glaciation i
% 1 - Q \ 1 dv clay 1 dy 1 fi d. Mod 1 1 map unit cax). Locally cemented by secondary calcium carbonate. In some . . nd g § ¥, St > yton, Lee, and Moran, 5.K., » -hronology ot fale Wisconsinan graciation in
i / 0 P e / / tks(e) End-moraine deposits oam, sandy clay loam, sandy loam, or fine sand. Mo erately to we ! places includes buried soils (humic horizons). Derived from bedrock or flood-plain and channel alluvium, till, and bedrock outcrops. Locally middle North America: Quaternary Science Reviews, v. 1, p. 55-82.
\/)( — NJ:& Y - NI p stratified. Commonly has either obscure bedding or pronounced horizontal ficial d its hich 1 L 1 derived f overlain by till or flowtill; in some areas overlain by eolian silt and sand. Collier, A.J., 1919, Geology of northeastern Montana: U.S. Geological Survey
. PN l, bedding; weakly laminated in some places. Clay, silt, sand, or gravel lenses surficial Ceposits MEET 0Tl SAe $10pes; Il Some paces derivec rom Thickness 1-10 m, locally >15 m Professional Paper 120-B, p. 17-39.
=0 . d NG or small channel fills of sand and gravel are common. Dense and compact in alluvial deposits (map unit pgd). Includes some talus deposits, landslide Collier, A.J.. and Thom, W.T.. Jr.. 1918. The Flaxville eravel and its relation to oth
- ; )/ | MIDDLE PLEISTOCENE Lo . : deposits, debris-flow deposits, and extensive bedrock outcrops. Includes . o . other, A.J., om, W.%., L, » 1he Flaxvilie gravel and 11s refation to other
f Jlgs G s 4 most places. Clayey alluvium is moderately plastic, soft, and sticky where some flood-plain and channel alluvium. pediment. alluvial-fan. and OUTWASH SAND AND GRAVEL— Sediment deposited in subaerial terrace gravels of the northern Great Plains: U.S. Geological Survey Professional
IR N asr ALLUVIUM AND LACUSTRINE-FILL DEPOSITS moist and hard where dry. Textures may vary abruptly, laterally and ) P . . , beciment, . . meltwater streams. Pale-yellow, brownish-yellow, grayish-yellow, Paper 108-J, p. 179-184.
| \[Q/\ \‘e - L AW rtically. Local thin buried soils (humic horizons). Concentrations of fluvial-terrace deposits, and disintegration residuum and colluvium derived X . . > . i Lo
\&p S roeniy / / \I\ % % % \ ] - S { Ze lc’fll 1}’- 00(2;) 4 kl)lfre soils (hui | ¢ horizons). (oncentrations o from sedimentary rocks. Mapped mainly in the Bearpaw Mountains beyond reddish-brown, yellowish-brown, olive-brown, grayish-brown, brown, olive, Colton, R.B., and Fullerton, D.S., 1986, Proglacial lakes along the Laurentide ice sheet
F Qe T S ) ital lignite (bedrock) fragments as large as 1 cm are common in o RN . : : . . llowish- b ish- live- ttled. cal d in in M - Geological Soci f America Ab ith P 18
8 2 % - N : \ = \ PRAR % etrital ligni : ) ’ ! he | £ olacial till: 1 d d yellowish-gray, brownish-gray, olive-gray, gray, or mottled, calcareous sand, margin in Montana: Geological Society of America Abstracts with Programs, v. 18,
A— = NN L7 ‘ ‘ PRE-QUATERNARY crossbedded sand. Where flood-plain alluvium directly overlies lake clay, the limit of glactal till; n glaciated terrain mapped on igneous intrusions . ;
el R \7 J§( X X%\\ \ X v - Q silt, and sand or sheetwash alluvilljlm, in some places it};s difficult to v (e.g., on Snake Butte). Thickness 0.3->6m Stizzgeiiin;c;;rrlls tgor ?::111, :?)(r:tael(li}./ pSeﬂrjal.jtli)t/i:::li(ci):l1 rtl;ipslizletdl}? (();))rll}llotr?zvgilal beds of Coltoﬁ?ii{. Ei;ke, R.W,, and Lindvall, R.M., 1961, Glacial map of Montana east of
) BEDROCK distinguish the deposits. 2 well-sorted sand, (2) pebbly sand with ripple-drift, cut-and-fill, planar, or the Rocky M ins: i i i
T . . X " s ) y Mountains: U.S. Geological Survey Miscellaneous Geologic
: \ Channel alluvium—Chiefly loose, stratified, poorly-sorted to well-sorted, - LOAMY COLLUVIUM White, plnk., yellow, brownllsh—orange, trough crossbeds, or (3) interbedded pebbly sand and pebble, cobble, or Investigations Map 1-327, scale 1:500,000
< / . ( \ pebbly, fine to medium sand and (or) coarse sand and gravel; locally very gellow.ls}}ll —brﬁwn, orzlilnge.—bﬁown, oliye—brownt,) gray1§1;;br0wn, brown, led boulder gravel. iocal lenses or beds of silt and clay; local b:)ulder b,eds; Colton, R.B., and Patton, T.W.,’ 1984, B'urie’d or 'abandoned drainage in the Havre 30' x
e poorly sorted sandy shale gravel. Cobbles and boulders are common to roWnISh-yerow, yETOWISI-graY, 0l1ve-gray, brownisi-gray, gray, or motie local blocks (clasts) of till or masses of flowtill. Textures generally become 60' quadrangle, Montana: U.S. Geological Survey Open-File Map 84-688, sheet 1
. . loam and sandy loam in the Little Rocky Mountains. Calcareous or . L R q ge, o g y P P > >
abundant in some areas. Generally crossbedded or has crude horizontal .
EXPLANATION OF MAP SYMBOLS bedding orlntcular beddin: local Tstoo bedding. Localy ossilforous noncalarcous. Nonstaifid o weaklyseifed: onsorted o poorly vy well ounded dameet o et et penerly desreoon i Colton, R B, Whiaker, 5. and Ehlr, W.C.. 1982, Geologic map o he Glasgow 1°x
] N (chiefly vertebrate remains) sorted. Generally pebbly or cobbly. In most places, clasts are angular and d Ty directi > I . (gi . Cgl ¥ decre v 36, o ) > 11. " > T TR g ) P logi lg
. . . . . . In several areas on the Milk Ri\;er valley floor east of Harlem low terrace subangular local bedrock. Clasts are chiefly syenite, monzonite, schist, PW?Streafﬁ 1‘re(l:tlonl lr'111\'121 eylfra(lin ?POSltl& h ?St Coén po'Smorll s quaqfang o VaS ey1 andll\;lccone Counties, Montana: 13, Geologteal Survey
. - Known or suspepted glaciotectonic deposits or glaciotectonic ter'ral'n—Bed.rock and remnants are 0.6-2.0 m higher than the modern flood-plain surface. The gneiss, quartzite, limestone, dolomite, sandstone, siltstone, claystone, and 511(1111 ar to :1 at in local ti fHf)ca i omlrzian;1 y shale cl)r omlne:int y i Open-Fil 1ela.Report 9-171, 13 p. 1 1032 S e MK R
S].ll‘ﬁ cial dep osits that were t_hrus‘g, stacked, a_nd defor_me d by glamal ice. Cf_lleﬂy (1) B remnan.t . ar-e andosiain by clay and sit, sirdlat to lake depo.s & shale. Glacial erratics from Canada are present in some places. Includes reldeposue lqlgirtzllée, arg1d11te, [ ertt,) l;iln c erthcfogg orr];era'[fa1 erived from De Young, Wi 1am,.Youngs, F.O.,and G assey, T.W., 1932, Soi survey o the Mi .RIVCT
tilted bedrock blocks overlying till and stratified sediments; (2) stacked or imbricated farther east in the adjacent Glasgow 1° x 2° q1’1a drangle (Jensen and Varnes some landslide deposits, flood-plain and channel alluvium, pediment, ° ber grzvfi' ou kefis arll .a{ge co! els, are chie (}1' Slu angular to area, Ml‘”;tg“a' Izjzs Department of Agriculture, Bureau of Chemistry and Soils,
slices of bedrock, till, and stratified sediments that form parallel or concentric ridges; 1964; Colton and others, 1982; Fullerton and others, 2007). The terrace ’ alluvial-fan, and alluvial-terrace deposits, and extensive bedrock outcrops. ;‘;gig:gt: g’rf:i‘;’sors:hi,stg 3§;jitzﬂ:;§i)£t:;12féﬁs ;)n(;n:rllz,arg; 221;’(: rocks) Dvk Szrlses 230 4’ 20’ t’l'35 p- £ North American deelaciati ith hasi tral
or (3) deformed masses of bedrock and surficial deposits characterized by overturned denosi . RO . ’ ; Thickness 0.5->6 m; maximum >15 m » gnelss, 3 > phic rocks). yke, A.S., , An outline of North American deglaciation with emphasis on centra
. . . . eposits here are included in map unit al. They have been interpreted to be ’ Fragments of lignite (derived from bedrock) are abundant and ubiquitous in and northern Canada, in Ehlers, Juergen, and Gibbard, P.L., eds., Quaterna
folds. Some glaciatectonically transported materials are covered by till that was : : : o it : : & & 4 ’ » JUCTEER, TR Yy
“. C e . glacial lake sediments that were deposited during initial late Wisconsin 2 3 many areas. Clasts in some places are intensely stained by iron oxides or laciations—Extent and chronology, Part 2, North America: Amsterdam, Elsevier.
deposited by overriding ice. Thickness 5->30 m deglaciation (Greg Snell, U.S. Department of Agriculture, Natural Resources ek CLAYEY OR LOAMY COLLUVIUM, " DISINTEGRATION RESIDUUM, , oxides: o ‘ ! i s & ’ . ’ ’
Co%lservation( Ser\%ice, w’ritt'en‘ andporal commun%, 2005, 2606) If they are AND SHEETWASH ALLUVIUM —Complex map unit in the Bearpaw g;?gizzf: ‘ (S)zﬁ:cfésg Z?Zzlr;li)z)(;ﬁaﬂigsﬁfgteiryesrft(ionr((i)?fi};l Calilcl)lcr:zl relief Feltisp.R317)3—?;g'3 Ground-water resources of the Fort Belknap Indian Reservation.
Contact 1 rine in origin. a slacial lake expanded westward in the Milk River Mountains and in the northern Little Rocky Mountains. Pale-yellow, . : > g, or gently & v i ) . P >
acustrine 1n origin, a glacial lake expanded westwal e e . . - is]-5 m. Some surfaces are marked by braided or anastomosed channel north-central Montana: Montana Bureau of Mines Memoir 53, 36 p
Valley during dissipation of the Havre glacial lobe (see fig. 1), and redd¥sh—br0wn, orange—brown, yellow1sh—br9wn, ollve—‘prown, scars Iﬁcludes some till, ice-contact sand and gravel, lake-delta deposits Fullerton, D.S Christianser; E.A., Schreiner, B.T., Colton, R.B an’d Cla. ton, Lee, 2007
- Shoreline subsequently the Milk River was incised into the lake deposits. Lateral grayish-brown, brown, reddish-gray, yellowish-gray, olive-gray, inset.ﬂood- lain and cha’nnel alluvium, and bedgrock (;utcro s. In solr)ne ar;as Q a,terila.’ logi m; . f.t,h Regi a,4°- .’60 ad;an- 1.’ Unit: d}S]tat’ ané ’
hifti £ the Milk River i lacial ti lted i 1 of most of brownish-gray, gray, or mottled, calcareous or noncalcareous clay, silty clay, . P . K . PS. > u Iy geoogic map ol the Regin X 0 quadrangie, Lnied cs
Shl llrll<g 3 t ¢ Milk River n postglacial time resulted in removal of most o silty clay loam, clay loam, or loam. Fine-grained residual materials or deposits were modified by waves and currents in lakes, and outwash sand Canada: U.S. Geological Survey Miscellaneous Investigations Series Map 1-1420
———  Limit of Late Wisconsin Glaciation, or limit of a Late Wisconsin Glacial Readvance, the lake deposits surficial deposi iohtly sticky or sticky, sli - : and gravel is overlain by lake clay, silt, and sand. Locally overlain by eolian (NM-13), 37 p., map scale 1:1,000,000.
posits are slightly sticky or sticky, slightly plastic or plastic, and . . . . .
N~ or position of a sionificant stillstand of an ice margin—Ticks are on the side of Ikali h ist: friable and hard hard when d silt and sand. Thickness 1-4 m, locally >10 m Fullerton, D.S., and Colton, R.B., 1986, Stratigraphy and correlation of the glacial
thepadvance g g alt FLO(C)D-PI[AIN AND CI—;?INI\LELI ALLI;VLUM /31le11) LAKE l?iElPkC)SIlTSfl aéoZrlsI;:—;a?rrllezl(r)Ilth’e rlg;?s Sra(ilepo:irts Z;e"ﬁzlst‘i‘zkywa;;‘n;‘fplamc when Some of the sand and gravel mapped as outwash deposits possibly is carly deposits on the Montana Plains, in Richmond, G.M., and Fullerton, D.S., eds.,
omplex map unit of flood-plain and channel alluvium and lake clay, silt, . . postglacial alluvium. Precipitation and runoff likely were greater than at Quaternary glaciations in the United States of America: Quaternary Science
B —— Limit of an Illinoian Glacial Readvance on the boundary Plateau—Dashed where and sand. Alluvium in broad alluvial flats commonly is alkaline. Where moist and loose when dry. antS gener.ally are sandstone, shale, siltstone, present for several thousand years after initial deglaciation, and glacial Reviews, v. 5, p. 69-82
2 h F= inferred; ticks are on the side of the advance streams meander across old lake plains, alluvium is chiefly redeposited lake claystone, mudstone, and arglllaceoqs lerles.tone; local chert-pebble ice-contact, glaciofluvial, and glaciolacustrine sediments V\;ere eroded ;nd Fullerton, D S’ 'Co’lto.n R.B . and Bush, C.A., 2004a, Limits of mountain and continental
|7 o~ d di Includ h h alluvi Descrinti £ its al conglomerate. In some places contains lignite (bedrock) fragments, act. g S 8 o e [ i >
. sediment. Includes some sheetwash alluvium. Descriptions of map units al, 1 £ . . h dul leni redeposited as alluvial fills. The surface morphology, clast composition, and glaciations east of the Continental Divide in northern Montana and north-western
imi inoi iati : istri i i i Ica, and lu apply. Mapped only in the southeast quarter of the quadrangle. calcareous or ferruginous concretions, chert nodules, selenite (gypsum) i i i j i
fl ————  Limit of Illinoian Glaciation inferred from the distribution of isolated residual > pp pp y q q g ) hini Is of i luded 1l landslid sedimentary structures of the deglacial outwash and early postglacial North Dakota, U.S.A., in Ehlers, Juergen, and Gibbard, P.L., eds., Quaternary
e i i i : Thickness of alluvium 0.5-3 m; thickness of lake deposits 1-5 m crystals, or very thin intervals of ironstone. Included small landslide ; imi ; istinoui ot . e ;
- erratic boulders from the Canadian Shield on the north flanks of the Little Rocky ; P deposits are abundant in some places where bedrock is claystone, mudstone alluvium are similar, and the deposits have not been distinguished on glaciations—Extent and chronology; Part 2, North America: Amsterdam, Elsevier,
Mountains and Bearpaw Mountains—Ticks are on the side of the advance . . : . ’ ’ published maps p. 131-150.
S LAKE CLAY AND SILT—Pale-yellow, grayish-yellow, bluish-green, siltstone, or shale; slump topography is conspicuous. Includes some loamy . .
B . . o o - yellowish-brown, olive-brown, arayishbrown, brown. olive, yallowish-gray, colluvium derived from igneous rocks; pediment, alluvial-fan, and FLOOD DEPOSITS—Yellowish-b live-b ish-brown, b Fuuemg’ - Cfltoln’ oot . agd inen Aiwf et MaphShowmf el
z -G D Dispersal fan—Boulder train from a source igneous intrusion. Intrusion is mapped as brownish-gray, oiive-gray blui’sh-gray gray, oiive-bla::k bh;ish-black blackb alluvial-terrace deposits; flood-plain and channel alluvium; and bedrock o olive, yellowish ;a; O(LV:’/I: g;a;OVg;lé‘?/r:i\;‘;- grr(:;vnéri?y;: n-mrt(t)lvev(;l ’ carl(?:rne’ous ?’111 e i f'f a'tloll\lfls otmoumgm ilh COlztmelriltarﬂgl ?)Cliu?ns {)JHSt EN(lm 'errll
T _ 5 : . b . . g , , , s , , X -gray, -gray, -gray, 2 , ains, primarily in Montana and northwestern No: akota: U.S. Geologica
) g & . . unit crg. Snake Butte boulder train is modified from Knechtel (1942); smaller or mottled. calcarcous clay and silt. Generally stratified: well sorted: outcrops. . . . o - )
f ~ FEOEK ( - f boulder train farther west is from Schmidt and others (196 1 1964)- Boundaries of massive 01: weakly beddeg. Commonly laminyated localiy varved. clziy and Colluvium—Debris transported and deposited primarily by mass-movement ]S;: doi?ti ﬁ;z‘:;ii:il;?j;i‘zdr:r};l;al:;tsaS%OPT: | i‘? il(e)lrlr-llr?ll:):l’loﬁbtl'll:rtl 2)00‘1- Gi SIL(‘WCI}i ls3mij[1tlﬁ'C I%V}?{Stlg"tlrtl(})lns szTSIM;izlg\/AIB, '3f6l(li.,Cm lgp 5109"131; IS.I(')IO’OOO,OOOI
[ # IR T RN N \ Snake Butte boulder train are the limits of glacially-transported boulders observed ity clay in 1 tt and - horizontall ’-b dded silty cl d silt processes. Nonstratified or weakly stratified; nonsorted; commonly massive. p - Upperp ! y ) tesecker, L.I., Morris, E.R., strahorn, A. 1., and Manifold, ©.B., > ol survey
. - = \ ‘ - CaX stity clay i lower part and massive or horizontally-bedded silty clay and s1 - . compact, plane-bedded sand and gravel; lower part is poorly sorted, massive (reconnaissance) of the Northern Plains of Montana: U.S. Department of
) - - D, ¥ \ by the authors : ¢ U it 1y is clast free: i 1 Loose to compact. Where derived from bedrock, clasts typically are angular . . . .
(™ N N\ - vy i upper part. Upper part generally 1s clast free; in some places, sand containing cobbles and boulders. Boulders are common on some Agriculture, Bureau of Chemistry and Soils, ser. 1929, no, 21, 74 p.
3 S g . \ - \ / . . . . . . . iceberg-rafted granules, pebbles, cobbles, and boulders are common in lower or subangular granules, pebbles, cobbles, and boulders of local bedrock from f; Gi ipples of sand and 1 f: 1 1964 1 f th lesnak
: 3 ] P S \ Minor moraines—Mainly till. Most of the ridges delineate the configurations of ol 1y are absemt on the surface. Contains local thi higher slopes, in a clayey or loamy matrix. Locally contains buried soils surfaces. Giant ripples of sand and gravel are present on some surfaces. Hearn, B.C., Jr, Pecora, W.T., and Swadley, W.C., 1964, Geology of the Rattlesnake
{ 95 . ~ e - ) o vanished ice margins. Local relief of ridges of late Wisconsin age typically is 2-10 m part. Clasts generally are absent on the surface. Contains local thin, (humic horizons). Thickness 1-15 m Mapped only in the northeast part of the quadrangle north of the Boundary quadrangle, Bearpaw Mountains, Blaine County, Montana: U.S. Geological Survey
o . / = \.\H{ \ g, o N N ] . : . . : discontinuous beds, lenses, or stringers of sand or fine gravel; pockets or ) o ; . . . . Plateau. Thickness 1->10 m Bulletin 1181-B, p. B1-B66
%,,4 xtfa - % ; ; b Concentric gravelly moraines of [llinoian age on the Boundary Plateau are 1->9 m pods of iceberg-rafted granules and pebbles, or isolated rafted erratic cobbles Residuum—Material formed chiefly in place by mechanical disintegration of ’ " - 1962 . . I
. S & \/ - S 3 Z \ \ﬁ Gk high. Includes "transverse ridges," "small moraines," "washboard moraines," "annual or boulders. Interbedded with sand. fine grgvel il or flowtill in some bedrock. Material has not been transported by mass-movement processes. Hop -ms’ez:[f:;t’»zzg Tlat};l:rMOH;TRl 9e {jg-rtalg?ag»e zrgodortnyeit,}zzztzrfsépg yGeolog'cal
- .\ i B o f moraines," "ice-crack moraines," and "corrugated moraines." Wild (2003) proposed laces: some rare ice-rafted masses, clasts ofti,ll a;e 1-2 m in diameter. Nonsorted; massive or has faint stratification, bedding, or other sedimentary investigations 1r Hx River Unit, Blaine Lounty, na: u.s. !
s / - .8 T~ that landforms in the southeast corner of quadrangle were formed by subglacial Graded beds, silt blebs and nodules,(or rip?up clasts of till or lake silt and structures that are inherited from the original bedrock. Loosely consolidated PEDIMENT. ALL%\%LSE?EIE ?N%?igggfﬁﬁm@ DEPOSITS— Jenseiu;V sey i%e;izﬂeestlpgt ?3_610’(31;315@ of the Fort Peck area, Garfield, McCone
3 - S Z; o meltwater floods, not by glacial ice clay are present locally. Strongly contorted, with slump structures, load or compact. Shale fragments are common in many places, particularly in ite. pi i ; i i nd Va ies. Montana: i asi . !
o e Stmer / . %, cax /k > y are p Y gly > p 5 102 Jower part; locally residuum contains thin layers of platy shale fragments. White, pink, redd}sh-yellow, yellow, yellowlsh-brown, reddlsh-brown, and Valley Counties, Montana: U.S. Geological Survey Professional Paper 414-F,
R ~ Creeq ' o~ ‘ % . f . li Kk li fluti structures, and f01d53 in some places. Generally UOF f.aulte‘d. Dessication Thin and discontinuous: pedologic soils typically extend through the orange-brown, olive-brown, brown, brownish-yellow, yellowish-gray, p. F1-F49.
| ~_ . AN N 9 ~ % N . { Ice-n.ml(fi,ed 01}; l?e'-SCOIIIl‘fdl ![alig ogm TLIHC?I: drumlin, I'OCt dsru mim, Orb l.lltlng. LOIltg crack§ are common 1n some places. Commonly. oxidized in upper 1-2 m; residuum to or into be d;oIZ:k Thgickness Oy§70 5>;n & olive-gray, brownish-gray, gray, or mottled gravel, sand, and silt. Calcareous Kerr, J.H., Pecora, W.T., Stewart, D.B., and Dixon, H.R., 1957, Preliminary geologic map
X 2 © . N axis o1 symbol 1s parallel 10 the direction of 1c€ movement. Some Symbols represen local iron oxide stains. Soft to very firm; cohesive and compact. Very . . . or non-calcareous. Poorly to moderately well stratified; poorly to of the Shambo quadrangle, Bearpaw Mountains, Hill and Blaine Counties,
N =3 i RX e — X 0 ] more than one landform. Wild (2003) proposed that linear landforms in the South.eas.t plastic and sticky when moist; hard when dry. Locally gritty. Dry clay and Sheetwash alluv1um—Alluv1um tr'fms.ported and er9s1ted by l.mconﬁnejd moderately well sorted. Boulders, cobbles, pebbles, and granules in a sand Montana: U.S. Geological Survey Miscellaneous Geologic Investigations Map
; Ne ' { S ® Q A ~ | corner of the quadrangle were formed by subglacial meltwater floods, not by glacial ice silt commonly breaks into chips or blocks. Clay minerals are dominantly g‘geil‘and flow and rill wash. Similar to deposits in map unit caa. Thickness and silt matrix. Clasts in pediment and alluvial-fan deposits are chiefly 1-236, scale 1:31.680.
} K ’ 2 > ) . (O N 2 SNV b ) ¢ ¢ indicated by striat bedrock_M montmorillonite. Selenite (gypsum) crystals <6 mm in length are present Sm subangular; clasts in fluvial-terrace deposits are subangular, subrounded, or Knechtel, M.M., 1942, Snake Butte boulder train and related glacial phenomena,
\ : < ; y % i i i indi iati — locally in fractures and are abundant in saline lake sediment. Secondai . i i i . i i i i
g ) = > \ o 1rection o1 ice movement indicated by striations on bedroc easurement at Ly 4 . ary rounded; clasts are bedrock lithologies from the same drainage area. In the north-central Montana: Geological Society of America Bulletin, v. 53, p. 917-936.
I g = 4 2 “ } L~ S : ’ % center of arrow shaft calcium carbonate concretions locally are present in upper part. Gullies are i i i i i i i ; ; ; ; .
) B : — ‘ B P Sl S . Little Rocky Mountains clasts are chiefly gneiss, schist, syenite, monzonite, Knechtel, M.M., 1944, Plains adjacent to the Little Rocky Mountains, Montana: U.S.
48°00' o = JJ\ J L &7 [ i ) & : EEES § - mj;\&? [ 5 : <~4 m\’\d' i G N - )AL { Vvl & : - 10;‘:03.8 00 common in some places. Deposit is SUSC?Pfible to landslide processes - SLUMP—BLOCK%%%%%EE)]%%I\]IEI;(})’;IFFISS:I(\?S %?)EKSLIDE arkosic quartzite, and sedimentary limestone, dolomite, conglomerate, Geological Survey Oil and Gas Investigations Map OM-4, scale 1:48,000.
110°00 S . . . (chiefly slump) in exposures (see map unit jea). Most deposits are offshore - . . sandstone, mudstone, siltstone, claystone, and shale; in the Bearpaw Knechtel, M.M., 1959 (1960), Stratigraphy of the Little Rocky Mountains and encircling
) ey Esker—Subglacial or englacial stream deposit . . : : DEPOSITS—Mapped only in the eastern part of the Bearpaw Mountains and . 2 . . . . . .
Base hydrology from U.S.G.S., 1974 SCALE 1:250 000 Geology compiled in 1976-86, 1990-2002, 2004-2008 4 deposits of former lakes. Present beneath flat plains and in small basins on the north margin of the Little Rocky Mountains. Most of the individual Mountains they are mafic and felsic intrusive and volcanic rocks, and similar foothills, Montana: U.S. Geological Survey Bulletin 1072-N, p. 723-752.
. . . | o Shadi a 4 — T . . L. formerly occupied by glacial and postglacial lakes and ponds. Flat to : . ; : ] diment ks. Fluvial d it tb th multiple t Lemke. R.W.. Laird. W.M.. Tinton, M.J.. and Lindvall. R.M.. 1965 t 1
Base topography from National Elevation Dataset (NED), U.S.G.S. (http//seamless.usgs.gov) Edit and digital layout by Jeffery R. Hartley Buried bedrock valley of the ancestral Missouri River—From the west edge of the hummocky surface topography. Thin and discontinuous in some areas landslide deposits elsewhere in the quadrangle are too small to map at this B e et e Y ermee, M e b O A e e S s b
Base cities, roads, and railroads from Montana State Library (http./nris.mt.gov) it — i i Y POSTAP Y. - . scale. Includes the Myrtle Butte rockslide deposits of Hearn and others surfaces in the Bearpaw and Little Rocky Mountains; at least three surfaces of the northern Great Plains, inWright, H.E., Jr., and Frey, D.G., eds., The
, , . .mt. 5_ — _0 5_10 1‘5 MILES Geology digitized by Charles A. Bush III{l'ap northe@st thﬁougllllHaV;e,h to about l}i(/lm wes‘g (]f){f: Chinook. rl;lhfq mOd}fiI‘Il Milk Overlapped by flood-plain alluvium adjacent to some streams. Includes lake (1964) SI bl k}ll dslide d it P £ bedrock and in the Bearpaw Mountains are older than the late Wisconsin till. Till overlies Quaternary of the United States: Princeton, N.J., Princeton University Press, p.
Digital cartography by Charles A. Bush 1ver occupies the valley of the ancestral Missour1 River eastward from the silt and sand where lake clay, silt, and sand have not been distinguished. - P UMP-BIOCK TANCEATe CEPOSILS are TMasses o7 bedrock ai ediment deposits and terrace deposits along the margins of the Bearpaw 15-27
. . L inati ; S, AR 4 lidated materials that rotated or slid downsl it, with littl p P P e £ P :
TRANSVERSE MERCATOR PROJECTION Published by U.S.G.S. Science PUb'IShIng Network Denver termination of the buried Valley Includes some till with a thin veneer of silt and clay. Includes some unconsolidated ma er,la § that ro a ed or shid downsfope as a ,um with little Mountains and Little Rocky Mountains. The fluvial deposits in areas beyond Mickelson, D.M., Clayton, Lee, Fullerton, D.S., and Borns, H.W., 1983, The late
5 0 5 10 15 20 KILOMETERS . S : : or no flow. The physical properties of the transported materials are not L S . . . . : oo ; . .
1927 North American Datum Manuscript approved for publication February 5, 2012 ice-contact and outwash sand and gravel, small lake delta deposits, and greatly altered; original textures, stratification, bedding, and other the limit of glacial till commonly are covered by eolian sand and silt, Wisconsin glacial record of the Laurentide ice sheet in the United States, in Porter,
i i i i i bedrock outcrops. In some places, lake clay and silt are overlain by eolian > > > > ; um: g : :
e Location of important stratigraphic section (see IMPORTANT STRATIGRAPHIC SECTIONS) S 1113 g plg e ? - P f’ ¢ sedimentary structures of slumped materials are disturbed but retained. Toes colluvium, and sheetwasl.l alluvium; all of the boulders and cobbles on thp S.C., ed., Late (.'\)uaterna.ry environments of the United States, volume 1, the late
CONTOUR INTERVAL 100 METERS Slllt and san }’15 kee wash a u‘ilumfla uvial-fan deposits, or flood-plain of some deposits form sub-parallel, arcuate, concentric, hummocky ridges surfaces of some of the higher (older) deposits are buried by those deposits. Pleistocene: Minneapolis, University of Minnesota Press, p. 3-37.
. . . . . alluvium. Thickness 1-5 m, locally >15 m n > > > > i i i i i
CANADA o e 1970 MAGNETIC DECLINATION FROM TRUE NORTH VARIES FROM 1814° EASTERLY FOR B Ergztlcl(;) fﬁmcﬁlbllocll;ig)theABea; Ped Mlo ung}!ns, derived froml tll‘e Canadian Y separated by elongate swales. Clasts in rockslide deposits are granules to szzl - elfl‘;?rlll]y); ﬁi?ﬁifezy;iz? gﬁzgzlz;fg Cf;gﬁ:g:’sgfrﬁculaﬂy Momaslgr.lf ’ Cfli&forc:’ Ve Léc" Iilel.senl’u?r'?ﬁRog?rs’ J;Vg; ffnd punter };E‘" ;282’
ge g . . . 108° — o ie nechte —Attributed to late Pliocene continental glaciation - . labs and blocks; blocks are >3 m in diameter; deposit : o1's of Viontana: Viontana Agricultural EXperiment Station Butictin /44, 55 p.
PRI e oo - A THE CENTER OF THE WEST EDGE TO 17%,° EASTERLY FOR THE CENTER OF THE EAST EDGE (Fullerton and Oth’ ers, 2004b) g LAKE_ CLAY, SILT, SAND, AND GRAVEL—Unlelded dep.0314t of lake clay, jSu?nlile:(ll blo(():;ss Isn(::rlrll;eso;;:?f coﬁ?l\;?urrllaz;;;ftrwzzglzllue\}/)iisr;s;rfl disintegration residuum, colluvium, sheetwash alluvium, and bedrock Patton, T.W., 1984a, Selected well data including water quality, quantity, and depth to
( MON ﬂA NA ’ silt, sand, and fine gravel. Overlain by eolian sand and silt in some places. bedrock outcroés Thickness 3-5 m, locally >’10m ’ outcrops. Thickness generally 1-4 m, locally >10 m bedrock in the Havre 30' x 60' quadrangle, Montana: U.S. Geological Survey
Includes inset and overlapping flood-plain and channel alluvium. : o Open-File Map 84-698. sheet 2. scale 1:100.000
SANDPOINT KALISPELL CUT BANK SHELBY HAVRE .. L . . pen-File Map , sheet 2, scale 1:100,000.
150 l Deslcnpltlloisl gf lake deposits in map units Ica and Ise apply. Thickness 1-3 Patton, T.W., 1984b, Selected well data including water quality, quantity, and depth to
m, locally m ILLINOIAN bedrock in the Harlem 30' x 60' quadrangle, Montana: U.S. Geological Survey
PLEISTOCENE >
SPOKANE | \waLtace cHOTEAU  |GREATFALLS | LEWISTOWN |  JORDAN IMPORTANT STRATIGRAPHIC SECTIONS NOTE: - LAKE CLAY. SILT. SAND. AND GRAVEL—Contol . LOAMY OR SANDY LOAMY TILL—Sediment deposited by a Laurentide continental Open-File Map 84-689, sheet 2, scale 1:100,000.
- _ ) ; g s s — t d of . o . § > >
o A This map was prepared to serve as a database for compilation of a Quaternary geologic map of the - LAKE_ AND EOLIAN SAND AND SILT—Cgmplex map unit of lake sand and lake clay, silt, sand, and gravel of late Wiscor?sr?f:g);n;ﬁri’nl;?;nc;gr:pzsz © ice sheet. Markles Point till and Herron Park till of Fullerton and Colton Patton, T.W., 1987, Quaternary and Tertiary geology of the Turner-Hogeland Plateau,
Stratigraphic units are listed from youngest to oldest. All of the named till units are informal allostratigraphic unoxidized upper unit of Havre till, 2.7 m interbedded till and gravel, 1.5 m oxidized and unoxidized Lethbridge 4° x 6° quadrangle, United States and Canada (scale 1:1,000,000). Letter symbols for the map silt and eolian sand and silt. Lake deposits in many places were reworked by R : ’ D (1986). The surface till on the western end of the Boundary Plateau is north-central Montana: Bozeman, Montana College of Mineral Science and
s . o . . . . p N e : . s . B . ind and lain by eolian d its. M di thwest quarter of possibly pre-Illinoian age. See map units lca, Ise, and lu for descriptions of . . ) :
HAMIL WHITE ROUNDUP FORSYTH units. Unit thicknesses in exposures are maximum thicknesses. Till nomenclature from Fullerton and Colton lower unit of Havre tl”, 12.8 m unoxidized Havre till units are those used for the same units in the Ouaternary Ge(]|og|c Atlas of the United States map series. wind and are overlain by eolian eP951 S. apped 1 northwest quarter o lake deposits Ice-dammed lakes formed in valleys on the north margin of Herron Park till deOSlth by eastward movement of ice. Pale-yellow, Technology, M.S. thes1s, 175 p.
00y BUTTE s . (1986) This map is a simplified compilation of data from many sources, listed in SOURCES OF INFORMATION, at the quadrangle and also over the buried bedrock valley of the ancestral the Bearpaw ‘Mountains during maximum late Wisconsin glaciation grayish-yellow, yellowish-brown, olive-brown, grayish-brown, brown, Patton, T.W., and Colton, R.B., 1984, Buried or abandoned drainage in the Harlem 30' x
460 S o6 East Fork Battle Creek exposure, SW sec. 30 and SE% sec. 24, T. 36 N, R. 19 E., Mont—Late several map scales. Some of the map data are simplified and generalized. For example, small areas of Missouri River southwest of Havre. ated with . duri . llinoian elaciati brownish-olive, olive, yellowish-gray, brownish-gray, olive-gray, gray, or 60' quadrangle, Montana: U.S. Geological Survey Open-File Map 84-689, sheet 1,
) ) . . - e R . - ; . . ) . Eolian sand and silt— Yellow. vellowish-brown. olive-brown. eravish-brown (associated with map unit tlx), during maximum Illinoian glaciation e .. )
¢ Two gravel pits represented by a single symbol on map Wisconsin, oxidized and unoxidized Fort Assiniboine till; lllinoian, 4.6 m unoxidized Herron Park till; pediment, alluvial-fan, and terrace deposits (map unit pgd) that were mapped separately at 1:31,680 scale olian sa _ > Y/ n, » grayish > (associated with map unit tks). and possibly during at least one pre-Illinoian mottled, calcareous clay loam, loam, or sandy loam; in some areas, matrix is scale 1:100,000.
Ekeimy ™ 7] % DILLON BOZEMAN BILLINGS : o1 North Havre exposures, NW7 sec. 5, T. 32 N., R. 16 E., Mont—Composite section middle Pleistocene, 12.2 m oxidized and unoxidized upper unit of Havre till, 6.1 m unoxidized sand, 6.1 by Bryant and others (1960) here are combined as single polygons. Many surficial deposits that can be brown, beWﬂlSh-g.ray, gray, or mottled windblown sand and s1_lt in alaciation (represenfe dby sub;ur facpe Havrz il ingthe qua drangll:e (see silty clay loam, sandy clay, or sandy clay loam. Generally nonstratified; Patton, T.W., and Colton, R.B., 1986, Identification of glaciofluvial and buried preglacial
5 B _ 4 from gravel pit and road cuts on slope above pit. Reference section for Fort Assiniboine till, Herron m oxidized and unoxidized lower unit of Havre till. Measured in 1984 shown accurately as small polygons at 1:250,000 scale are omitted here because they are too small to be blanket-like deposits; loca_l low dunes. Calcareous. Well SFratlﬁed; poorly VP CRTAN STRATIORAPHIC SECTIONS)Tho ke doposits n those nonsorted or very poorly sorted. In some places, till is interbedded with, or aquifers as a possible source of water in a portion of the Montana Great Plains:
¢ — = Park till, and Havre till. Late Wisconsin, 4.5 m oxidized lake sand and silt, 0.8 m oxidized Fort shown at 1:1,000,000 scale. sorted to well sorted. Typically loose, homogeneous, massive, fine sand and . . o contains lenses, pods, and stringers of, clay, silt, sand, or gravel. Commonly Montana Water Resources Center Report 151, 68 p.
N “ S < X . ; . ’ ! . - . . . . ilt with faint bed: beds. Very friable: Kl t: slightl areas have not been studied. Herron Park till of Illinoian age has been . ; . . .
S R Assiniboine till, 1.2 m oxidized lake silt, 1.2 m oxidized sand and gravel; Pleistocene, 20.3 cm paleosol o7 Battle Creek exposure, SW sec. 18, T. 35 N, R. 19 E., Mont.—Late Wisconsin, Fort Map units are surficial deposits and materials, not landforms. The deposits that comprise some silt with faint beds or cross-beds. Very Table; weakly compact; shightly observed beneath and between lake deposits, and Havre till of pre-Illinoian massive; cohesive and friable; crudely fissile. Generally compact or very Pecora, W.T., Kerr, J.H., Brace, W.F., Stewart, D.B., Engstrom, D.B., and Dixon, H.R.,
i DUBOSS ASHTON we in 1.1 m oxidized sand and gravel; Illinoian, 1.2 m oxidized Herron Park till sheared into gravel, 4.5 m Assiniboine till; Pleistocene, silt; lllinoian, Herron Park till; middle Pleistocene, two distinct units of constructional landforms (e.g., ground-moraine deposits, end-moraine deposits, and stagnation-moraine hard; subangular blocky structure; not sticky or plastic when moist. L L compact; resists penetration by pick or shovel. Clayey till is slightly sticky 1957, Preliminary geologic map of the Warrick quadrangle, Bearpaw Mountains,
44 N . ! o Ve - ) - . . S h ; S > o9 ) G Ily clast free. Contains disconti lati £ d age has been observed beneath lake deposits and beneath Herron Park till in . . ; . . . . . o
N 06 104 glaciotectonic deposit including ice-thrust masses of Havre till, gravel, and sand and silt; middle Havre till. Section examined in 1983 deposits, all composed of till), are distinguished for purposes of reconstruction of glacial history. Deposits enerally clast free. Contains discontinuous accumulations of secondary . to very sticky and slightly plastic to plastic when moist; hard and blocky Montana: U.S. Geological Survey Miscellaneous Geologic Investigations Map
118 116° 114° o 100 108° . - . . . - . : I : A . e lci b : 1 - stained by i ides locally. Typicall the areas mapped. Small areas of exposed Herron Park and Havre till are o . . .
nz Pleistocene, 1.8 m oxidized upper unit of Havre till, 4.5 m silt and sand, 2.1 m oxidized silt and sand and materials are distinguished on the basis of genesis, lithology or composition, texture or particle size, and calcium car onate in some places; staine y iron oxides locally. Typically included in the map unit. Includes gravelly lake delta deposits. Thickness when dry. Dry till in some places breaks into small, irregular pieces; 1-237, scale 1:31,680.
(channel fill), 4.5 m lake(?) silt and sand including pods of Havre till and subaqueous debris-flow *8 Lodge Creek exposure, NW7 sec. 34, T.35N., R. 18 E., Mont.—Late Wisconsin, other physical, chemical, and engineering characteristics. It is not a map of soils that are recognized in oxidized throu_ghout: In some plaQGS, contains root casts af}d weakly 1=>5 m ' ' commonly breaks through (rather than around) granules of sandstone, Pecora, W.T., Witkind, L.J., and Stewart, D.B., 1957, Preliminary geologic map of the
INDEX TO 1:250.000 TOPOGRAPHIC QUADRANGLES deposits, 1.2 m oxidized and unoxidized upper unit of Havre till, 2.4 m unoxidized clay and silt, 2.4 m 3.0 m oxidized and unoxidized Fort Assiniboine till; lllinoian, 1.5 m unoxidized Herron Park till; middle pedology or agronomy. Rather, it is a generalized map of soils as recognized in engineering geology, or of developed buried soils (humic horizons). Mostly stable, with grass cover; limestone, dolomite, granite, gneiss, and schist. Parting typically is crudely Laredo quadrangle, Bearpaw Mountains, Montana: U.S. Geological Survey
) e o oo - accretion-gley paleosol with normal remanent geomagnetic polarity, 3.0 m oxidized and unoxidized Pleistocene, 6.1 m oxidized Havre till, 4.6 m oxidized sand and silt, 6.1 m oxidized Havre till, 3.0 m substrata or parent materials in which pedologic or agronomic soils are formed localh blowouts. Undulating or rolling topography. Thickness 0.5-3 m; irregular or prismatic; platy structure locally. Clay minerals are dominantly Miscellaneous Geologic Investigations Map 1-234, scale 1:31,680.
Showing location of the Havre 1° x 2° Quadrangle in red lower unit of Havre till, 4.5 m unoxidized lake silt with normal remanent polarity, 1.5 m glaciotectonic unoxidized Havre till. Measured in 1984 maximum 6 m ) ) ) LATE WISCONSIN montmorillonite. Widely spaced polygonal joints in some areas; joint Schmidt, R.G., Pecora, W.T., Bryant, Bruce, and Ernst, W.G., 1961, Geology of the Lloyd
deposit including lenticular masses of bedrock, till-like diamicton, and gravel; middle or early Lake sand and silt—Grayish-yellow, yellowish-brown, grayish-brown, brown, . . - . . . . surfaces commonly are coated by seams of secondary calcium carbonate or quadrangle, Bearpaw Mountains, Blaine County, Montana: U.S. Geological Survey
) : ' 4 ! ) . . lowish li b ish led. cal it LOAMY TILL—Sediment deposited chiefly by ice of a Laurentide continental ice sheet. . . .
Pleistocene, 3.7 m Wiota Gravel. The basal gravel is nonglacial alluvium of the ancestral Missouri *3  Chapman exposure, SW% sec. 23, T. 36 N., R. 27 E., Mont—Holocene, 1.5 m yellowish-gray, olive-gray, brownish-gray, gray, or mottled, calcareous si L c . by powdery calcium carbonate and (or) gypsum. Selenite (gypsum) crystals Bulletin 1081-E, p. 159-188.
, ) ! ' . : X : T ; . L . d sand mixed with mi 1 d L G 1l Il stratified and Loring till and Fort Assiniboine till of Fullerton and Colton (1986). The till - .
114° 102° River. Reworked glacial erratics from the Canadian Shield have not been observed in the Wiota sheetwash alluvium (gully fill inset into till); Holocene and late Wisconsin, paleosol in oxidized Loring and sand mixed with minor clay and gravel. Generally well stratified an . L . 1-4 mm long, or clusters or crusts of crystals, are present on some joint Schmidt, R.G., Pecora, W.T., and Hearn, B.C., Jr., 1964, Geology of the Cleveland
50° IGWLTREH e ! ‘ L o . e . S 1 d. Typically hori 1y bedded ive. fi di d north of the Boundary Plateau is Loring till deposited by southward ; . . . : .
) Gravel in this region. Vertebrate fossils in the basal gravel in the Havre area include (?)Camelops till; Pleistocene, truncated calcic soil pendants in 1.8 m oxidized lllinoian Markles Point till; middle we S_Of_Te - Typically horizontally bedded or massive, fine or medium san movement of ice in the Whitewater glacial lobe; till elsewhere in the surfaces. Stains, flecks, or scales of iron and manganese oxides are common quadrangle, Bearpaw Mountains, Blaine County, Montana: U.S. Geological Survey
2 108 minidokae of Irvingtonian land mammal age and Equus conversidens/calobatus (C. S. Churcher, Pleistocene, 1.2 m oxidized and unoxidized Perch Bay till; Pleistocene(?), 0.3 m oxidized silt (loess); containing scattered granules or small pebbles. Commonly interbedded or . L . ’ . on joint and parting surfaces. Fragments of lignite (bedrock) are ubiquitous. Bulletin 1141-P, p. P1-P26.
X Al Galiee . ; h : I p . intercalated with ive. bedded or laminated. silt containing dropst L quadrangle is Fort Assiniboine till deposited by the Havre glacial lobe (fig. . ; _ .
S2 o and \eiile® . o4 written commun. in 1987) and Mammuthus sp. The accretion-gley paleosol between the upper and Pliocene, 1.1 m oxidized silt and sand, 4.6 m informal Chapman gravel of Patton (1987). The Perch intercalated with massive, bedded or laminated, silt containing dropstones; in . Generally oxidized throughout where thin. Nearly pebble free to very Sholes, M.A., and Bergantino, R.N., 2002, Geologic map of the Havre 30' x 60'
S  Bow sl Etingan Dummer Yellow Grads ! ) . ; Pel ; . . . : . hicfly laminated silt and fi d C Iy sl d and 1). Ice movement north and east of Havre in the Havre lobe (fig. 1) was . .
S 4 . © ° lower units of the Havre till were exposed laterally continuously for >2.5 m in 1982. A partial jaw, Bay till and the underlying loess have normal remanent geomagnetic polarity. Section measured in some areas, chietly aminate tsilt and fine sand. (ommonly slumped an generally southeastward, recorded by the Snake Butte boulder train pebbly; cobbles and boulders are rare to abundant. Clasts in some areas are quadrangle, north-central Montana: Montana Bureau of Mines and Geology
& o LianeValley o Vghun o Staghton including teeth, was collected from debris that slumped from the pit wall. C. S. Churcher identified 1983, 1984, and 1986. In an adjacent exposure in 1986, the succession of units, from youngest to contorted on hillslopes. Detrital fragments of lignite (bedrock) are abundant (Knechtel, 1942) and ice-molded landforms that are shown as a symbol dominantly granules and pebbles. The surface is intensely deflated in many Open-file Report MBMG 467, 8 p. map scale 1:100,000.
N fical e the fossil as Bison sp. (the horn cores had been scavenged). The slumped sediments were older than oldest, was cobble gravel; bouldery Loring till; a glaciotectonic raft of shale bedrock; Markles Point in many areas, concentrated in sand crossbeds. Clasts are chiefly Typical dllis pale-yellow, grayish-yellow, yellowish-brown olive-brown. places, or is covered by a veneer of eolian sand and silt. Discontinuous lag Simonson, G.H., Rogers, J.W., Brownfield, S.H., Richardson, R.E., and Nielsen, G.A.,
Y AN N : the Herron Park till and younger than the Havre till. Section measured in 1980-85 till; Perch Bay till; eolian silt and sand; Chapman gravel subrounded and rounded erratic limestone, dolomite, and igneous and arayish-brown, brown brownish-olive. olive yellowish—gra’y brownish—g,ray deposits of granules and pebbles are common on washed or deflated till 1978, General soil map of Montana: Montana Agricultural Experiment Station
: @3 g oMagra¥ oengst Bl pajow s | A o Vet OhEf o fdille Gravel pit adjacent to and west of North Havre pit—R.W. Lemke, unpublished field metamorphic rogks that were ice rafFed or reworked frqm till. Pre§ent olive-gray blu;sh—gra); oray, or mo ttlezi calc’areous clay 108.1’;1 and loam: in ’ surfaces; isolated lag cobbles and boulders are widely scattered on till Miscellaneous Publication 16, scale 1:1,000,000.
. <SSy e R ) [N | o Benguigh notes 08/06/89. Pre-lllinoian middle Pleistocene, 0.6 m lake sand and silt, 15 cm lake clay and silt, 10 Coburg Coulee exposure, NW% sec. 7, T. 34 N., R. 27 E., Mont.—lllinoian, 3 m beneath .lake plains and in s_mall basins formerly occupied by glacial gnd some area; itis clay si’lty clz’iy silty cla;/ Joam, silt loam, sandy clay, or ’ surfaces. In general, boulders are less abundant in till of Illinoian age than in Soller, D.R., 1993, Preliminary map showing the thickness and character of Quaternary
£ Eardil S oLl ivond Mountain "' Yy, o Fobister 2.4 m oxidized upper unit of Havre till, 15 cm truncated(?) paleosol in lower unit of Havre till — grades oxidized and unoxidized Markles Point till; middle Pleistocene(?), oxidized Perch Bay(?) till composed postglacial lakes. Local relief 2-4 m. Includes some lake clay and silt, ’ N Y o till of late Wisconsin age. Large cobbles and boulders are dominantly deposits in the United States east of the Rocky Mountains: U.S. Geological Survey
Waterton Lakes X % Ty Estevan ; ; T e ; ; i “mi i ? flood-plain and channel alluvium, and till. In many areas, overlies lake cla sandy loam. Very gravelly in some places; where till directly overlies shale i i i i iori i .
t Eae S A ; Upland : % Ty Qgan e e laterally into stone line between two Havre till units, 3.4 m oxidized lower unit of Havre till, 3.7 m almost entirely of shale fragments; middle Pleistocene, 15 cm leached, gleyed sand (paleosol?), P > . y > y . . subangular to well-rounded granite, pegmatite, gneiss, schist, diorite, and Open-File Report 93-543, scale 1:3,500,000.
National Park_( % ®lunan| Lethifridge ‘ 8 o o v e . . o ) P . . bedrock, the matrix commonly is >90 percent shale fragments. In some ¢ . . . . P P
sge | Mieiiren, /' [ DelBoi N\ SN ik Ratlfe Weyburn lake sand and silt, 0.5 m calcium carbonate-cemented gravel containing abundant reworked glacial oxidized Perch Bay till; Pleistocene(?), oxidized silt (loess). Oldest till unit has normal remanent and silt. Thickness 1-8 m, locally >10 m places, till is interbedded with, intercalated with, or contains lenses, pods other igneous and metamorphic rocks from the Canadian Shield; erratic Soller, D.R., 1994, Map showing the thickness and character of Quaternary sediments in
ﬁlat(_;ier | 9.59% BEATN 2§ AN \ Phigh S\ YT e Wiy Buncl Ry o memeemee T NORTH DAKOTA erratic clasts from the Canadian Shield, 1.4 m channel alluvial gravel of ancestral Missouri River geomagnetic polarity. Measured in 1983. Exposure is an erosional remnant of till that is too small to and str,ingers of clay, silt, san d’ or gravel Gene;ally nonstratified: I,lonSO;te d quartzite, limestone, and dolomite clasts from Canada are less abundant. the glaciated United States east of the Rocky Mountains-Northern Plains states
pac HallCouee D DD O U NN S N N N N S e L e TETT S R ot iy S B e  C bty Shll e S S o ftna cﬁshv‘o@(, N, containing no reworked glacial erratic clasts from the Canadian Shield map at this scale or very poorly sorted C,omm(;nly massive: cohesive to friable. In some Largest erratic boulders are >2 m in diameter. Erratic pebbles are (west of 102° West Longitude): U.S. Geological Survey Miscellaneous
T ' ° 2 1 areas, gritty or mealy" crude fissility Gene’rally loosely compa.ct or compact dominantly subangular to rounded igneous and metamorphic rocks from the Investigations Series Map 1-1970-D, scale 1:1,000,000.
2 Herron Park test hole in the buried ancestral valley of the Missouri River (Swenson, 11 Little Peoples Creek wells—Two wells (Briar and Christensen, 1993), NW% sec. 10, T. - COLLUVIUM, SHEETWASH ALLUVIUM, LAKE DEPOSITS, AND but not hard. San dy tillis loose to firm: silty 6l is firm. Clayey till is soft ’ Canadian Shield and limestone and dolomite from Canada. Where till is thin Stewart, D.B., Pecora, W.T., Engstrom, D.B., and Dixon, H.R., 1957, Preliminary
1957), N\W% sec. 21, T. 32 N., R. 14 E., Mont —Late Wisconsin, 11.2 m oxidized (and unoxidized?) 27N.,R. 23 E., Mont., represented by a single symbol on map GLACIOFLUVIAL DEPOSITS—Complex map unit in abandoned lightly s tiCI;y to sticky, and slightly plz;s fic to plastic when moist: hard when and derived from local bedrock, pebbles are chiefly subangular to geologic map of the Centennial Mountain quadrangle, Bearpaw Mountains, Choteau
Fort Assiniboine till: late Wisconsin or lllinoian, 3.0 m oxidized and unoxidized (Herron Park?) till, 10.1 Observation well 0-33—Pleistocene, 12.8 m oxidized till, 2.4 m unoxidized till, 6.1 m meltwater channels and glacial lake outlet sluiceways. Channel sides are dry. Dry till in some pl’aces breaks into small angular flakes and I;Iates that subrounded shale, siltstone, and soft sandstone. Where till is derived chiefly County, Montana: U.S. Geological Survey Miscellaneous Geologic Investigations
o TwoMedicine Lostwe®d m unoxidized (Herron Park?) till; Pleistocene, 0.6 m boulder gravel; middle Pleistocene?, 4.6 m unoxidized sand, 3.9 m unoxidized till, 6.1 m gravel, 0.9 m till (of pre-Illinoian age?), 1.5 m gravel sharply defined to indistinct. Some of the channels and sluiceways are : 3 . . ) . from older gravel, pebbles are dominantly quartzite, argillite, chert, and chert Map 1-235, scale 1:31,680.
EastGiPuierPark lobe 72" White Eath o e h Lo ” - ob . 1l 0-37—Plei 9 idized till 10.1 idized till 15 shallow. broad flats. Tn some places. lake deposits are overlain by eolian have sharp edges; blocky structure in some other places. Parting typically is . o ) . . .
Varzs P2 or s Lk oy . oxidized and unoxidized till (upper unit of Havre till?); middle Pleistocene, 4.0 m oxidized and servation we eistocene, 9.1 m oxidized till, 10.1 m unoxidized till, 1.5m » or . he places, P ‘ y irregular or prismatic. Clay is dominantly montmorillonite. Widely spaced conglomerate. Drainage is integrated; flat, rolling, or undulating surface Swenson, F.A., 1957, Geology and ground-water resources of the Lower Marias
Y %‘fmm unoxidized lower unit of Havre till, 0.6 m unoxidized lower unit of Havre till sand, 10.7 m unoxidized till, 5.2 m gravel, 3.0 m till (of pre-lllinoian age?) sand and silt. Locally, glaciofluvial gravel and sand deposited by meltwater weakly-develope djoi.nts are common; in some places joint. surfaces are topography. Maximum slope angles in most places are <4°. Generally Irrigation Project, Montana [with a section on chemical quality of the ground water
g Maka T\ ( . streams underlies the lake and alluvial deposits. Valley sides are chiefly . ’ ; . - stable on hillslopes; till in natural exposures (such as stream cuts) and by H.A. Swenson]: U.S. Geological Survey Water-Supply Paper 1460-B, p. 41-98.
. PI o ate Wisconsin flisi Lake Sakakawea : : - : R SGS 0 i 0 i Chri 1 colluvium, sheetwash alluvium, till, lake deposits, and bedrock outcrops coated by powdery calcium carbonate or gypsum, or both. Joint or parting ifici i i i i i i i i i
% Bearpaw phase of glacial A ,«r’\y : Big Sandy Creek test holes in the buried ancestral valley of the Missouri River 12 U bservation Well .-29 (Briar and hr'ls'tense'n, 1993), NEA' sec. 23, T27N, > > till, P > ps. surfaces are locally weakly stained by iron or manganese oxides. Selenite artificial excavations does not slump readily. Thin and discontinuous in Veseth, Roger, and Montagne, Clifford, 1980, Geologic parent materials of Montana
¥ Mountains BLOBE lL7aFIJ(§ Joran o A ' “/‘ =7 L — (Swenson, 1957) R. 23 E., Mont—Pleistocene, 9.1 m oxidized till, 7.9 m unoxidized till, 1.8 m sand, 5.4 m gravel, 18.3 Isolated large boulders or lag deposits of cobbles and boulders are present on (aypsum) crystals 1-3 mm long are present on joint surfaces in some places some areas. Includes some minor moraine deposits (see symbol). Map unit soils: Montana Agricultural Experiment Station Bulletin 721, 117 p.
"’ Havre Glasgow R b5 S ol 3 NEV Sec. 16, T.31.N., R. 14 E., Mont —Holocene and late Wisconsin, 3.0 m m unoxidized till (multiple till units?) valley sides in some places. Gullies locally are common on valley sides. Fragments of lignite (bedrock) are ubiquitous in till. Nearly pebble free o : includes some flood-plain and channel alluvium, outwash sand and gravel, Weed, W.H., and Pirsson, L.V., 1896, Geology of the Little Rocky Mountains: Journal of
-~ Tei fRiver r) =2 GLASGOW OR / oxidized alluvium; late Wisconsin, 11.0 m unoxidized Fort Assiniboine till, 0.6 m sand, 9.6 m Channel alluvium is inset into other deposits; flood-plain deposits overlap very pebbly; cobbles and boulders are rare to abundant. Boulders typically colluvium, sheetwash alluvium, and bedrock outcrops. Overlain by thin Geology, v. 4, p. 399-428.
0 ‘ - LW MISSOURI VALLEY unoxidized Fort Assiniboine till, gravel, and sand; Pleistocene, 2.1 m boulder gravel, glaciotectonic *13 USGS Observation Well 0-60 (Briar and Christensen, 1993), SW sec. 13, T. 27 N., R. ’ )

47°

Figure 1. Regionalice flow during
late Wisconsin glaciation.
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0.2 m sandstone (bedrock?), 2.3 m unoxidized till; middle Pleistocene?, 1.2 m oxidized and unoxidized
Havre(?) till; Pleistocene, glaciotectonic raft consisting of 13.7 m shale bedrock, 0.2 m cobble, 7.6 m
shale bedrock, 4.3 m till(?), 0.2 m sandstone bedrock, 2.3 m unoxidized Havre till, 0.2 m sandstone
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SCALE 1:2,000,000 o5 Laredo test hole in the buried ancestral valley of the Missouri River (Swenson, 1957),
5 ) 25 50 75 100 MILES SEY sec. 23, T. 31 N., R. 14 E., Mont.—Holocene and late Wisconsin, 5.5 m alluvium; late Wisconsin,
25 0 25 50 7 100 KILOMETERS 40m oxi'diz.ed Fort Assiniboine till, 3.4 m unoxidized Fo.rt Assiniboine till; Pleistoceng, 'glaciotectonic
——— raft consisting of 3.7 m sandstone (bedrock) and 2.1 m till and sandstone, 2.1 m unoxidized clay;
lllinoian?, 2.1 m oxidized and unoxidized clay, 1.5 m unoxidized clay, 3.0 m unoxidized (Herron Park?)
EXPLANATION till, 4.3 m interbedded till and sand; middle Pleistocene, 1.8 m oxidized upper unit of Havre till, 1.5 m
MOUNTAIN VALLEY AND PIEDMONT GLACIATION LAURENTIDE CONTINENTAL GLACIATION
i . Late Wisconsin Pre-lllinoian Pleistocene
Pinedale till L ) ) . L
+..s*"%  Limit of late Wisconsin glaciation (LW), ~ Southern limit of known surface exposures of
defined by stratigraphy and (or) surface pre-lllinoian Pleistocene till (limit of PI) on
LAURENTIDE CONTINENTAL GLACIATION morphology north flank of Bearpaw Mountains
Lw Late Wisconsin till NN Limit of "C2" glacial readvance in southwestern Alberta ~—~ Limit of glacial erratic boulders on bedrock
L erosion surfaces (limit of GB)
L Winsan il —— Lacation ofHawroquangl
Al !sclated and sqat:gﬂed g’ql’“sf"les of tic bould defined by stratigraphy and surface morphology. — N Generalized direction of ice flow
pre-iW 11l and glacial erratic boulders Hachures on the "up-glacier" side of limit ) .
Pre-lllinoian till on north margin - River, stream, and modern lake shoreline

of Bearpaw Mountains
Scattered glacial erratic boulders, no till

Glacial lakes Great Falls and Musselshell.
Full extent of lakes not shown
Not glaciated
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24 E., Mont.—Holocene, 0.9 m alluvial gravel; Pleistocene, 3.0 m till(?), 1.2 m gravel, 16.2 m oxidized
and unoxidized till and minor gravel (multiple till units), 19.8 m shale (glaciotectonic raft), 7.6 m sand
and gravel
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caa

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 deposits in map unit caa. Thickness 0.5-8 m
Sheetwash alluvium—Similar to deposits in map unit caa. Thickness 0.5-4 m

COLLUVIUMZ, SHEETWASH ALLUVIUM1 ,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; sheetwash-eroded
or stream-eroded till or bedrock dissected by gullies; very thin disintegration
residuum on bedrock; includes extensive areas of bedrock outcrop and local
badland terrain.

Colluvium—TVYellowish-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—~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.
Typically (1) clay, silty clay, silty clay loam, and clay loam; (2) clay loam,
silt loam, and sandy loam; or (3) loamy sand and sandy loam. Nonstratified

tlx

are more abundant in till of late Wisconsin age than in older tills; also,
average diameter of boulders is larger than that in older tills. 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 (see IMPORTANT STRATIGRAPHIC
SECTIONS). 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 mainly quartzite,
argillite, chert, and chert conglomerate. 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. 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 deposits, 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 collapsed supraglacial
sediment (stagnation-moraine deposits), small end-moraine deposits, and
minor moraine deposits (see symbol). Maximum slope angles are generally
less than 4°. Local relief is generally <3 m. Thickness 0.5-2 m; maximum
thickness >15 m. Overlies older till in most areas; till thicknesses of >10 m
generally include thicknesses of older subsurface tills

sheetwash alluvium or eolian silt and sand in many places. Till on the
Boundary Plateau is mapped as directly overlying bedrock. The till overlies
Tertiary sand and gravel nearly everywhere (Patton, 1987) and the gravel
overlies bedrock. The exposed gravel is too thin to be mapped at this scale.
Till mapped on the north margin of the Bearpaw Mountains possibly
includes exhumed till of pre-Illinoian age.

tks Ground-moraine deposits—Thickness generally 0.3-3 m.

tks(e)

asr

End moraine-deposits—A very bouldery accumulation of till on the Boundary

Plateau that marks the limit of a glacial readvance. Smaller arcuate
end-moraine ridges of cobbly sandy loam till on the Boundary Plateau are
shown by a symbol. Maximum thickness >10 m.

The arcuate end-moraine ridges (shown by a symbol) indicate northward
recession of an ice margin on the Boundary Plateau during initial Illinoian
deglaciation. Those ridges later were overridden by ice that (1) readvanced
onto the plateau from the west and buried some of the arcuate ridges beneath
the mapped bouldery end moraine deposit, and (2) readvanced onto the
plateau from the northeast and overrode many of the arcuate ridges but did
not destroy the morphology of the ridges (see symbol for limit of the glacial
readvance)

MIDDLE PLEISTOCENE

ALLUVIAL AND LACUSTRINE-FILL DEPOSITS—A fill deposit in the

buried valley of the ancestral Missouri River in the vicinity of Havre, where
the fill deposits are exposed as a result of intense dissection and modification
by construction activities. The alluvial and lacustrine fill deposits include,
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
(Fort Assiniboine till and Herron Park till, respectively, of Fullerton and
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