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49°00 111°30 _— _ _ 11 - — N Vi s o0 LIST OF MAP UNITS DESCRIPTION OF MAP UNITS LATE WISCONSIN SOURCES OF INFORMATION
-3 V- / %, S :® o 0% %, o AN tix k d X \\ ) ~lea \ N [Map unit thickness is typical range; in some areas the map units may be thicker or LOAMY TILL—Sediment deposited chiefly by ice of a Laurentide continental ice Alden, W.C., 1924, Physiographic development of the northern Great Plains: Geological
< '\ : - - ?gj\ BN N ‘ \ \ . \ 8 \\ HOLOCENE AND LATE WISCONSIN thinner than the given range] sheet. Informal Fort Assiniboine till of Fullerton and Colton (1986). The till in the Society of America Bulletin, v. 35, p. 385-423.
— /Q \k\\ Q S northwestern part of the quadrangl d ited by the Shelby glacial lobe; th Alden, W.C., 1932, Physi hy and glacial geol f eastern Mont d adjacent :
N ) p q gle was deposited by the Shelby glacial lobe; the en, W.C., , Physiography and glacial geology of eastern Montana and adjacent areas:
g . P \\ -\ <§\§|d Horee Lalk al FLOOD-PLAIN AND CHANNEL ALLUVIUM HOLOCENE AND LATE WISCONSIN till in the northeastern part of the quadrangle was deposited by the Havre glacial U.S. Geological Survey Professional Paper 174, 133 p.
B \ / A\ afi ALLUVIAL-FAN DEPOSITS al FLOOD-PLAIN AND CHANNEL ALLUVIUM—Yellowish-brown, olive-brown, lobe; the till in the southeastern part of the quadrangle was deposited by the Loma Calhoun, FH.H., 1906, The Montana lobe of the Keewatin ice sheet: U.S. Geological Survey
| > ( \ 3 grayish-brown, brown, olive, yellowish-gray, brownish-gray, olive-gray, gray, glacial sublobe (fig. 1). Regional ice flow patterns are recorded by ice-molded or Professional Paper 50, 62 p.
) fix - LOAMY AND CLAYEY SHEETWASH ALLUVIUM black, or mottled clay, silt, sand, and gravel. Calcareous or noncalcareous: partly ice-scoured landforms (shown by a symbol) and by the orientations of till ridges Christiansen, E.A., 1979, The Wisconsinan deglaciation of southern Saskatchewan and adjacent
3“7\ ] or completely oxidized. Clasts angular to well rounded. Clast composition and meltwater channel§ (also shown.by symbols). T}/plcal till is pale-yellow, areas: Canadian Journal of Earth Sciences, v. 16, p. 913—938. o
/ \ lca LAKE CLAY AND SILT reflects composition of other surficial materials and bedrock in the drainage basin. grayish-yellow, yellowish-brown, olive-brown, grayish-brown, brown, Clayton, Lee, and Moran, S.R., 1982, Chronology of late Wisconsinan glaciation in middle
/, ) Fossiliferous (gastropod, pelecypod, and vertebrate remains; wood fragments and brownish-olive, olive, yellowish-gray, browplsh-gray, ollvg-gray, blu.lsh-gray, gray, North America: Quaternar_y Science Reviews, v. 1, p. 55-82.
~ —_— \ \ Iss LAKE SILT AND SAND plant detritus) in some places. Included in other map units in many areas. or mottled, galcareous clay loam and loam; in some areas it is glay, silty clay, silty Colton, R.B., Lemke, RW, and Lmdval_l, R.M., 1961,_GIaC|aI map of Montana east of_the
i\ tix g . X\ < Includes some sheetwash alluvium, alluvial-fan deposits, alluvium beneath low clay loam, silt loam, sandy clay, or sandy loam. Very gravelly in some places; Rocky Mountains: U.S. Geological Survey Miscellaneous Geologic Investigations
y \ \\ lu LAKE CLAY, SILT, SAND, AND GRAVEL terraces, outwash and ice-contact sand and gravel, lake deposits, and bedrock where till directly overlies shale bgdrgc!(, the matrix cpmrponly is >90 percent Map I-327, scale 1:500,000. _ -
. \ ) N outcrops. Alluvium in some areas is dominantly redeposited outwash, ice-contact shale fragments. In some places, till is interbedded with, intercalated with, or De Young, William, Youngs, F.O., and Glassey, T.W., 1932, Soil survey of the Milk River area,
3 : e > // LAKE AND EOLIAN SAND AND SILT deposits, and lake deposits. East and northeast of Big Sandy, alluvium overlies a contz:inf.fllendses, podst, z(ajnd stringers olf cIayi sélt,iandl, or glr(a;]/el.. Getntlerlal ly Mor;t;ngé U.S. Department of Agriculture, Bureau of Chemistry and Soils, Series 1928,
15 \ thick fill of older fluvial, glaciofluvial, and glaciolacustrine deposits and till (see nonstratitied, nonsorted or very poorly sorted. Local weax horizontal layering 0. 22, 55 p.
— % X \ \ COLLUVIUM, SHEETWASH ALLUVIUM, LAKE DEPOSITS, AND description of till depositsgassociated with “%uried bedrock valrieys of the anéestral where the ice margin fluctuated in a lake. Commonly massive; cohesive to friable. Dyke, A.S., 2004, An outline of North American deglaciation with emphasis on central and
R N N\ A N GLACIOFLUVIAL-FILL DEPOSITS Marias and Missouri Rivers” in the Explanation of map symbols). Thickness 1-6 In some areas, gritty or mealy; crude fissility. Generally loosely compact or northern Canada, in Ehlers, Juergen and Gibbard, P.L., eds., Quaternary
e .. K\)\ f\\\ — \ \ ) - COLLUVIUM, SHEETWASH ALLUVIUM, AND LANDSLIDE DEPOSITS m, locally >15 m compagt, but npt hard. $andy till is.loose to firm; silty ti.II is firm. Qlayey till is glaciations—Extent and chronology, Part 2, North America: Amsterdam, Elsevier, p.
y L\ : ] : Flood-plain alluvium—Chiefly poorly-sorted to well-sorted clay, silty clay, silty clay soft, sllghtlly §t|cky to sticky, and sl[ghtly plastic to plastic when moist; hard when 373-430. _ _ o _
i Q\ X 72 /// \\tlx X o - HOLOCENE, LATE PLEISTOCENE, AND MIDDLE PLEISTOCENE loam, clayey silt, and silt with scattered granules and pebbles; locally, loam, sandy dry. Dry till in some places br.eaks into small angular fla.kes anq platgs t.hat have Fox, P.P., 1&_)46, Buried I?Ie1stocen_e gorge of the Marias River, Montana [abs.]: Geological
NG DNl \ N X = clay loam, sandy loam, or fine sand. Moderately to well stratified. Commonly has shfirp er.iges; bIocky structure in some other places.. Par.tlng typlcally is irregular or Society of A_me_znca Bulletin, v. 57_, no. 12, p. 1194.
1 = F\\ \ - al N cly LOAMY COLLUVIUM either obscure bedding or pronounced horizontal bedding; weakly laminated in prismatic. Clay minerals are dominantly montmorillonite. Widely spaced, Fullerton, D.S., Christiansen, E.A., Schreiner, B.T., Colton, R.B., and Clayton, Lee, 2007,
i Vglilrenk e . ca K )& FROST-RUBBLE AND TALUS-RUBBLE DEPOSITS some places. Clay, silt, sand, or gravel lenses or small channel fills of sand and weakly-develpped joints are common; in some placgs, joint syrfaces are coated by Quaternary geologic map qf the Regina 4° x 6 qyadrangl_e, United States and Canada:
: %”P w\; ﬁb\ | - - gravel are common. Dense and compact in most places. Clayey alluvium is powdery calcium .carbonat.e or gypsum, or both.. Joint or pa}rtlng surfaces are U.S. Geological Survey Miscellaneous Investigations Series Map 1-1420 (NM-13), 37
. \ s s B L \(( : moderately plastic, soft, and sticky where moist and hard where dry. Textures may locally weakly stained by iron or manganese oxides. Selenite (gypsum) nyst.als p., map scale 1:1,000,000. _ _ _ _
O \ | ) @: HOLOCENE AND PLEISTOCENE vary abruptly, laterally and vertically. Local thin buried soils (humic horizons). a;Sdmmk;ong aLg prgtsent pnt!lt)llnt'iurf?ces g]bforfne ptlaces. Fratg)]tr)rlwnts Elt‘)lllgnltffj FuIIertotnh, DI\.AS., tamd Cpcl)lFon, _R.E._, r11986,dStgltll\graphél :n|d| ci)rrelflijtlcs)n og thngIa;:laI deposits on
b P ~ i _ Concentrations of detrital lignite (bedrock) fragments as large as 1 cm are common edrock) are ubiquitous in till. Nearly pebble free to very pebbly; cobbles an e Montana Plains, in Richmond, G.M., and Fullerton, D.S., eds., Quaternary
"al\ 7 = | - F - SLUMP-BLOCK LANDSLIDE DEPOSITS AND ROCKSLIDE DEPOSITS in crosshedded sand. Where flood-plain alluvium directly overlies lake clay, silt, boulders are rare to abundant. Largest erratic boulders are >2 m in diameter. glaciations in the United States of America: Quaternary Science Reviews, V. 5, p.
R\ = - P B LATE WISCONSIN and sand or sheetwash alluvium, in some places it is difficult to distinguish the Clas.ts of oldgr till apd clasts.of Ilgnlt.e (bedrock) as large as 2 m in diameter locally 69-82. o _ _
! K 0 deposits are included in the till. Glaciotectonic blocks or rafts of shale or sandstone tens of Fullerton, D.S., Colton, R.B., and Bush, C.A., 2004, Limits of mountain and continental
S W - s \\ 7 LOAMY TILL Channel alluvium—Chiefly loose, stratified, poorly-sorted to well-sorted, pebbly, fine meters in length locally are .inc.luded in the till. Pepbles in typi.ca.l till are chiefly glaciations east qf the Continental Divide _in northern Montana and north-western North
s > 5 i tIx Ground-moraine deposits to medium sand and (or) coarse sand and gravel; locally very poorly sorted sandy subangular .to rounded erratic IlmesFone apd d'olomlte z.inq errat.lc igneous z.ind Dakgta}, U.S.A., in Ehlers, Juergen, e.md Gibbard, P.L., ed_s., Quaternary _
>\L/ Y \\ Q) & B ‘ ) ) shale gravel. Cobbles and boulders are common to abundant in some areas. metamorphic rocks from the f:anadlan Shield; where till is derlvgd primarily from glaciations—Extent and chronology; Part 2, North America: Amsterdam, Elsevier, p.
p -~ \ = y’ > End-moraine depOSItS Generally crossbedded o has crude horizontal bedding or lenticular bedding: local local bedrock, pebbles are chiefly angular to subrounded shale, siltstone, and soft 131-150.
=1 N \ ® I Ak ) ) ] fest bydd' Locally fossilif hiefl : bg " : 9 sandstone; where derived from Tertiary and Quaternary gravel, pebbles are chiefly Fullerton, D.S., Colton, B.B., and Bush, C.A., 2011, Quaternary geologic map of the Havre 1°
3 ‘ & — » Stagnation-moraine deposits estoon bedding. Locally fossiliferous (chiefly vertebrate remains) quartzite, argillite, chert, and chert conglomerate from the mountains to the west or x 2° quadrangle, Montana: U.S. Geological Survey Open-file Report 2011-1028, map
: ‘ Fresn® S . . . . volcanic rocks from the south. Cobbles and boulders are chiefly subangular to scale 1:250,000.
20, KAME-MORAINE DEPOSITS afj ALer;Jv?//;Q::gFr':\)[\lg?:yp(gf:\:ostgc\i(illg))\/lwssin-zgvgné\gcriag);/:zl\q/-etl)ro(\é\;rllé:zselz)?:{svlsgg)%ﬁlzyto well-rounded, erratic granite, pegmatite, gneiss, schist, diorite, and other igneous Fullerton, D.S., Colton, R.B., Bush, C.A., and Straub, A.W., 2004, Map showing spatial and
B ! e ’ ) : and metamorphic rocks from the Canadian Shield; less abundant erratic limestone temporal relations of mountain and continental glaciations on the Northern Plains,
% L ICE-CONTACT SAND AND GRAVEL }';‘;l Iazteritlgggir?gc;ct)gl);gggl;llvjlsliIstoa:;ec?.cIZ;%gz;igze%?;:tvse;linsdugzggIJ;;ra?c()jvr\]/glalr and dolomite from Saskatchewan and Manitoba, and quartzite from the Rocky primarily in Montana and northwestern North Dakota: U.S. Geological Survey
— ' ' - . Mountains. Till everywhere is generally unstable; it moves by creep on hillslopes; Scientific Investigations Map SIM-2843, 36 p., map scale 1:1,000,000.
3
E o OUTWASH SAND AND GRAVEL ;cllllijr:/?sld};ﬁwgr:gi?u(\:/?:lbig:}a‘z:zbgéi)zs?{]sd(grgaguIt?fl d:,:g/fgcgm dpr%c(i:'pel':(’:lu des slumps in exposures. Till is thin and discontinuous in many areas; locally the map Giesecker, L.F., Morris, E.R., Strahorn, A.T., and Manifold, C.B., 1933, Soil survey
1 a _ en o ; o ; ' unit includes exhumed till of Illinoian and (or) pre-1llinoian age that is exposed at (reconnaissance) of the Northern Plains of Montana: U.S. Department of Agriculture,
2 LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSITS Sﬂme_ srietwash aIHUV'un: a:?hflcl)zod;péaltrt\ an?t(r:]hasnnel ?IIGuwun':_z\I/lap;S)ed ?IS an the surface. Includes some glaciotectonic deposits (symbol IT), flowtill, mud-flow Bureau of Chemistry and Soils, ser. 1929, no. 21, 74 p.
DELTA SAND AND GRAVEL a“uv!al-fan gomp_cix easto | ded as t# € orthe 'twe'?'h' rl?ss '0 ; 1Oma. and debris-flow deposits, and landslide deposits. Includes areas of till that were Hill, C.L., 2002, Late Quaternary stratigraphy and radiocarbon chronology from the lower
alluvial- ar;h_eﬁosn s:;eolnc uded In other map units. Thickness 0.5-10 m; modified by waves and currents in glacial lakes, with a surface litter of cobbles and Marias River Valley, northern Montana: American Quaternary Association (AMQUA),
maximum thickness m boulders or a discontinuous cover of lake clay, silt, and sand. Includes some lake 17th biennial meeting, Anchorage, Alaska, Program and Abstracts, p. 68.
PLEISTOCENE AND PLIOCENE LOAMY AND CLAYEY SHEETWASH ALLUVIUM—pale-vell delta deposits, outwash and ice-contact sand and gravel, flood-plain and channel Horberg, Leland, and Robie, R.A., 1955, Postglacial volcanic ash in the Rocky Mountain
- PEDIMENT, ALLUVIAL-FAN AND FLUVIAL-TERRACE DEPOSITS vellowish-brown, olive-brown, brown, olive yellowis_h-garae);ygli\c/)z\fgray alluvium, and bedrock outcrops. Locally overlain by colluvium, sheetwash piedmont, Montana and Alberta: Geological Society of America Bulletin, v. 66, p.
. ’ ' N ’ o ' ] alluvium, lake clay, silt, and sand, or eolian sand and silt. 949-955.
brownish-gray, gray, or mottled alluvium transported and deposited by unconfined - : . : -
PRE-QUATERNARY ove‘:\:ar:d f?ovglagd ?,ill wash. Cla L;\illltu cla sﬁt ola Ioampan:1 cla ylgam ! Kemp, J.F,, and Billingsley, Paul, 1921, Sweet Grass Hills, Montana: Geological Society of
BEDROCK Nonstratified t deratel ' IIy’t t'?’ d'y’ Iy y q Yt | ﬁ' . d tIx Ground-moraine deposits—Integrated drainage; flat, rolling, or undulating surface America Bulletin, v. 32, p. 437-478.
Mons_ra Itlhe' Iolmo_ erf Zy we 'tz rati ll<eh’ p_oortylol; n;g era eDY we _sotr 3 : . topography. In some places, includes some collapsed supraglacial sediment Lemke, R.W.,, Laird, W.M., Tipton, M.J., and Lindvall, R.M., 1965, Quaternary geology of the
a;sw_e, bm é’ atrr_una ed, OrIW' v;ea _I_$r|zon a et m?j't ;sselmlnl? ed organic (stagnation moraine deposits) and small end moraine deposits. Maximum slope northern Great Plains in Wright, H.E., Jr., and Frey, D.G., eds., The Quaternary of the
EXPLANATION OF MAP SYMBOLS E’na er 'Sta ufnl_an_tln ior('jne pkaces. ossill eroCusI (gas ropoCIests%) oca % ttered angles are generally less than 4°. Local relief is generally <3 m. Thickness 0.5-2 United States: Princeton, N.J., Princeton University Press, p. 15-27.
ragn?en S% Ignlll € (bgl roc )ar_(:hcotm_mon. adcareotljjsl. as free, W: sca SE? m; maximum thickness >6 m. Overlies older till in most areas; till thicknesses of Lemke, R.W., Mudge, M.R., Wilcox, R.E., and Powers, H.A., 1975, Geologic setting of the
g:zcglescalr;y:;:Iui\)/?um??s%:‘twéticf(;g%zrzlggtisyvsﬂereerr:g; f_ tg{g;u ﬁacr’é p:n q € >10 m generally include thicknesses of older subsurface tills Glacier Peak and Mazama ash-bed markers in west-central Montana: U.S. Geological
i . i i i ) L . e ! ' Survey Bulletin 1395-H, p. H1-H31.
- Known or suspected glaciotectonic deposits or glaciotectonic b:e%%'igsﬁ?gfh?e% %g’l Tlgqs‘iirglssezriini%rt]:rnarnc:::);(smmitr?;?rrgld?I(t)i'iteciir:?:jalgi and - End-moraine deposits—Till characterized by (1) broad, long belts of hummocky or Lindvall, R.M., 1956a, Geology of the Kenilworth quadrangle, Montana: U.S. Geological
terrain—aBedrock and surficial deposits that were thrust, stacked, and Fimestone dolomi);e and ianeous and metazmr hit’: rocks Sheztwash alluvium undulating ridges or (2) belts of narrow, discontinuous, sharply defined ridges that Survey Miscellaneous Geologic Investigations Map 1-129, scale 1:62,500.
deformed by glacial ice. Chiefly (1) tilted bedrock blocks overlying till and ' ’ gne . phic rocks. o delineate the configurations of vanished ice margins. Large areas mapped between Lindvall, R.M., 1956b, Geology of the Big Sandy quadrangle, Montana: U.S. Geological
v 9 y (1) ying commonly overlaps flood-plain alluvium. Included in other map units in many : o -
stratified sediments; (2) stacked or imbricated slices of bedrock, till, and B L . e . the Sweet Grass Hills are complexes of till ridges. Shallow closed depressions and Survey Miscellaneous Geologic Investigations Map 1-130, scale 1:62,500.
(@) L places in the quadrangle. Mapped only in the Missouri River valley in the . s - -
stratified sediments that form parallel or concentric ridges: or (3) deformed ' ; ) - lag cobbles and boulders are common on the surface in some areas. Local relief in Lindvall, R.M., 1961, Geology of the Boxelder quadrangle, Montana: U.S. Geological Survey
p ges; or (3) southeast corner of the quadrangle and north of the Tiber Reservoir. Thickness 1-4 - - - - - - P
48°30" e masses of bedrock and surficial deposits characterized by overturned folds. m ' some places is 4->10 m. Till end-moraine deposits are locally replaced laterally by Miscellaneous Geologic Investigations Map 1-338, scale 1:62,500.
kj Some glaciotectonically transported materials are covered by till that was kame-moraine deposits that are included in the map unit. In some places, Lopez, D.A., 1994, Preliminary geologic map of the Shelby 30" x 60' quadrangle: Montana
S PN N deposited by overriding ice. Thickness 5->30 m i - - boundaries between end-moraine deposits and stagnation-moraine or Bureau of Mines and Geology Open-file Report MBMG 315, scale 1:100,000.
k\ e LAyiﬁoS/:vlgg\Tbg’;‘an Sgll;\;:-_t::xnyglrls;\i/éﬁ-rgyc:\j:nyglrlc?v‘r/vr’\ bcIJlIJiI\iQ g;fcr)]\;vish-gray ground-moraine deposits are transitional, and contacts are arbitrary. Thickness Lopez, D.A., 1995, Geology of the Sweet Grass Hills, north-central Montana: Montana Bureau
» Contact brownish-gray, olive-gray, bluish-gray, gray, olive-black, bluish-black, black, or 4-15m, locally >20 m of Mines and Geolog_y Memoir 68, 35 p. . , ,
K mottled. calcareous clay and silt. Generally stratified: well sorted: massive or Lopez, D.A., 2002a, Geologic map of the Sweet Grass Hills 30’ x 60" quadrangle, north-central
® . K b dded. C y vl . ed | y“ d | d "It lavin | - Stagnation-moraine deposits—Till characterized by hummocky or knob-and-kettle Montana: Montana Bureau of Mines and Geology Open-file Report MBMG 443, 17 p.,
» Shoreline wez: yd eaded. orr?m_onyt ?lmlgadz 'd O?I? ylvarved, (?I?_I and siity ctaydn ower collapsed topography. Generally lacks distinct, continuous ridges. Nonintegrated map scale 1:100,000.
.‘ E:::t ggneTaeﬁ;I;;eccl);stc:‘rrlezeqnina sc))/r-n: plaece:I it):le(l;:é?rr;ﬁ:; glrnarl:mesr E:rbﬁlespper or poorly integrated drainage; shallow ephemeral ponds, sloughs, and depressions Lopez, D.A., 2000b, Geologic map of the Conrad 30’ x 60’ quadrangle, north-central Montana:
1 Limit of late Wisconsin glaciation on the Sweet Grass Hills cobbles. and boulders are ’common in Iowér art. Clasts qenerall ’are abseﬁt on are common. Ice-block erressions (kettles) are abundant in some areas. Local Montana Bureau of Mines and Geology Open-file Report MBMG 444, 10 p., map scale
the surf;ace Contains local thin discontinuo‘L)Js Beds Iensges or st)r/in ers of sand or relief is generally >3 m; in some places 40 m. In some places, deposits include 1:100,000.
) : N ’ ' ger glaciotectonically-folded and ice-thrust masses of bedrock (see symbol IT). Map Lopez, D.A., 2000c, Geologic map of the Chester 30’ x 60’ quadrangle, north-central Montana:
. [ ot : fine gravel; pockets or pods of iceberg-rafted granules and pebbles, or isolated L - - - - -
1 Limit of lllinoian glaciation on the Sweet Grass Hills fred orratic cobbles or boulders. Interbedded with sand. f el il unit includes collapsed glacial sediment (till and flowtill), collapsed supraglacial Montana Bureau of Mines and Geology Open-file Report MBMG 445, 10 p., map scale
;? \fn_ﬁr_ra Icco | es o.r oulgers. In erft;_- d ed wi saln t 'ni ?.'i?ve ’1' 2 or. lake clay, silt, and sand, and outwash and ice-contact sand and gravel. Glacial, 1:100,000.
diczzl méte:n f}org]c?ez EZZSS’ Z?ITEI:;:;??O diler:a;:?? ((; asclsgsct)s olf tﬁ:eoriak?slir;t glaciolacustrine, glaciofluvial, and alluvial sediments were redeposited by mass Lopez, D.A., 2002, Geologic map of the Lonesome Lake 30’ x 60" quadrangle, north-central
1 Limit of a late Wisconsin glacial readvance, or position of and clay.are present Ioc’ally Strongly contortéd witph s‘I)ump structures. load movemept (flow and sliding) as a resu!t of melting of burigd ice Ior}g after in.itial Montana: Montana Bureau of Mines and Geology Open-file Report MBMG 446, 12 p.,
a significant stillstand of an ice margin—Ticks are on the uct 4 folds. i ) | G I ' t faulted. Dessi t" K deglaciation. In some places, boundaries between stagnation-moraine deposits and map scale 1:100,000.
i Y 9 structures, and folds, ml someg aces. Iener%_y r:jo_ aufte '1 zess_lcla lo:”l_crac s'd ground-moraine or end-moraine deposits are transitional and contacts are arbitrary. Mickelson, D.M., Clayton, Lee, Fullerton, D.S., and Borns, H.W., 1983, The late Wisconsin
side of the advance 2traeirfgmgc])?tntlonvs;r;?‘irprr?cgfﬁes?vn;r:r?g gocr);(;;az:zte \;z:r;?)ﬁ)zgti;an?;tﬁ:cl?y :/:/%r;r?)(l € Thickness 4-20 m, locally 40 m glacial record of the Laurentide ice sheet in the United States, in Porter, S.C., ed.,
.. . . . L ' - ) : - Late-Quaternary environments of the United States, volume 1, the late Pleistocene:
SN v |nferred_“mlt Of_a glaC|a_| readvan(_:e mark?d by the distal margin n;?'St’ hegld wkhencdlry. L_ocallly g”ttg' Dry c:?y and ts"lt c_cl):"nn?tcml)éblrea_lts into - KAME-MORAINE DEPOSITS—Ice-contact gravel, sand, and minor silt similar to Minneapolis, University of Minnesota Press, p. 3-37.
of glaciotectonic deposits or glaciotectonic structures chips or bioc i | <a6y mmt_eral s a'::] ominan )::'non”mc_)rlf Omt €. o€ Zm € deposits in map unit kg. Description of map unit kg applies. Comprises segments Montagne, Clifford, Munn, L.C., Nielsen, G.A., Rogers, J.W., and Hunter, H.E., 1982, Soils of
g%msdlg:t) i%r}sl;lianse Iak?sn;c;?mglr:? Szzzﬁzizsencalcjcﬁirrz/é;rb?rfaltj;e(f'oir::re?:’gns of end moraines; gently to steeply sloping ridges or aligned hummocks and hills Montana: Montana Agricultural Experiment Station Bulletin 744, 95 p.
XXX Marginal end moraine—single till ridge formed along the margin of an ice lobe locally are present in uoper part 'GuIIies arreycommon in some places. Deposit is (kames) of sand and gravel. Relief is generally 4-10 m. Kame moraine deposits in Simonson, G.H., Rogers, J.W., Brownfield, S.H., Richardson, R.E., and Nielsen, G.A., 1978,
suscegtiblepto landsli depgroc[?essés (chiefly slump) in exposures?see m'ap u?\itjea) some places are replaced laterally by till end-moraine deposits that are included in General soil map of Montana: Montana Agricultural Experiment Station Miscellaneous
. . L th it. Thick 4-15 m, locally >20 Publication 16, scale 1:1,000,000.
. Most deposits are off-shore deposits of former lakes. Present beneath flat plains € map uni ekness m. focatly m Smith. J :b Jl(r:at\ll\cl)ir;ki?]dSﬁaJe andqlf)r(i)n?glg D.E., 1959, Geology of the lower Marias River area
Iggﬁﬂg?@:ﬁ Qjﬁ!ﬂ?ﬁ;ﬁggf&::;Srﬁﬁfsformed at the junction of two ice lobes lirl]dt Itn shmall basll(ns fo:cmerlty OCCUp'Ed b}l’_r?lac'aé Z’?d po:_tglacml_ lakes and ponds. - ICE-CONTACT SAND AND GRAVEL—Deposited on or against glacial ice; Choteau, Hill, and Liberty Counties, Montana: U.S. Geological Survey Bulletin
O\?erlcz)a pst;?inl;;cﬂgos;;?:i?\ ;[I)S\?iﬁra gdjacér?ticn) so:rslg?s?régl:r?:s l'::ﬁg: all;iiséilt sediment collapsed when ice subsequently melted. Pale-yellow, brownish-yellow, 1071-E, p. 121-155.
. . : A ish-yellow, reddish-b , yellowish-b: , olive-b , ish-b , ller, D.R., 1993, Prelimi howing the thick h f
/ Minor moraines—osty tll. Most of the ridges delinate the configuration of vanished and sand where Iake cay, st and sand have not been distinguished. Incluces brown, alive,yellowish-gray,alive-gray,brownish-gray,gray, or motted, T eposits m the United States et of e Rocky Mounains. U, Geolagioal Survey
ice margins. Local relief of ridges typically is 2-10 m. Includes "annual moraines,” some till with a thin veneer of silt and clay. Includes some ice-contact and calcareous sand and gravel and minor silt. Textures var;/ abru’ptly IateraI‘Iy and Open-File Report 93-543, scale 1:3,500,000 o
"washboard moraines," "small moraines," "corrugated moraines,” and "transverse ridges" outwash sand and gravel, small lake delta deposits, and bedrock outcrops. In some tically. Locall it is dominantlv bould bbl el i Soller. D.R.. 1994. Map showing the thickness and character of Ouat diments in th
laces, lake clay and silt are overlain by eolian silt and sand, sheetwash alluvium vertically. Locally, map unit is dominantly boulder or cobble gravel; in some oller, DR, » Map showing the thickness and character o Qua ernary sediments in the
p“ : ’I fan d it flood-plain alluvi Thick 1 5 locally >15 ' places, pebbly silt and fine sand. Sand and gravel commonly are interbedded with glaciated United States east of the Rocky Mountains-Northern Plains states (west of
:t y \\\ alluvial-tan Geposits, or Hood-plain affuvium. - Thickness 1-5m, locally m or contain lenses, inclusions, or clasts of clay, silt, till, or flowtill. Poorly to well 102° West Longitude): U.S. Geological Survey Miscellaneous Investigations Series
tx T o™ N ———— lce-marain alignment interpreted from ice-marain drainage channels and . . . stratified; poorly to moderately sorted. Irregularly bedded to well bedded; beds are Map 1-1970-D, scale 1:1,000,000.
/ Q till ridg os g P g g Iss LAKﬁ SA_"\:‘D ANDI_SlLT_GLay'Sh'_yEHOW’ yeIIOWIsh-brtcaNz, grlaylsh-brov_vlr;, b;own, discontinuous laterally. Faults, folds, and slump and collapse structures are Swenson, F.A., 1957, Geology and ground-water resources of the Lower Marias Irrigation
d? (‘?ﬂ\/\\ : d Y yetlowisnh-gray, olive-gray, brownish-gray, gray, or mottied, caicareous siit an common. Gravel locally is cemented by iron oxides or secondary calcium Project, Montana [with a section on chemical quality of the ground water by H.A.
N )@\ lu N s ) fi . ] ) ) ) _srand_ mlllxeg W_'th Tllrllorbdgg adnd gravel_. Gc:_nerally ng_l stratlf:jed antd_w_ell sorted. carbonate in zones; intense iron-oxide stains on some clasts. Clasts are subrounded Swenson]: U.S. Geological Survey Water-Supply Paper 1460-B, p. 41-98.
: L o . ; o\ S Ice-molded or ice-scoured landform—_inear drumlin, rock drumlin, or fluting. Long yptlca 3’ °“an ally- e” € bg'; mascswe, mel or Tebludn; s;n _cotn alrlur:gd th to well rounded; clast composition is similar to that of associated till. Typically, Tuck, L.K., 1993, Reconnaissance of geology and water resources along the north flank of the
\ '@ \ axis of symbol is parallel to the direction of ice movement. Some symbols represent more than scattere Srgzudes olr sma tpg _ﬁs' t"f”’_“ondy In fr edded or intercala eh'vzll shale clasts are much less abundant than in associated till; resistant erratic clasts are Sweet Grass Hills, north-central Montana: U.S. Geological Survey Water-Resources
e | ® q;‘ 3 one landform rﬂas_slvte,d e'lt € do;' amlnade C’:SI con Ialnllng r%ps odnes, Itn s;og’ne aLe'TIS’IC tetly more abundant. In some places, includes blocks (clasts) of redeposited till. Investigation Report 93-4026, 68 p.
P ,L—/lﬁ . / Z ﬂ b Sn:mtalef St ant '??_Sar?t : boc;nmin ys u[;npz atn_ contorted on nitls optest. di Fragments of lignite (bedrock) are ubiquitous in many places. Surfaces are flat to U.S. Department of Agriculture, unpublished soils maps of Toole, Liberty, Hill, Blaine,
c \ . o’ lu s (//«(««(«««\///( Esker—subglacial or englacial stream deposit eg' a ralljgrgenélo t'gm eé_ eﬂ roc g arez léin ag In n;arc;y areta_s,lgoncc:n rated In undulating or hummocky to knobby. In some areas deposits form isolated mounds Pondera, Choteau, and Phillips Counties, Montana, provided by Robert Lund, Montana
Lonra N . \\ I Zar; cr:)ss eds_. asts arg ¢ 'f y suhl_'oun i ;:'t rounae er;? '; Imes On'f'd or irregular hills. Commonly pitted with shallow ice-block depressions (kettles). Geospatial Center, Bozeman, Montana.
~ : J T ied bedrock vall fth | . d Mi L. fO On:_'"e’ Sn lgllebous atnh Imke anl”nqrp 'CJC.)C S ﬁ gvere "]ie ra el or rew_ordt;,; Boulder litters are present locally on the surface. Local relief is generally 3-15 m, Veseth, Roger, and Montagne, Clifford, 1980, Geologic parent materials of Montana soils:
I NENNEEEY Bur'_e e _I’OC Va_ eys O_ t € ance_Stra Marias _an MI_SSOUI’I RIVG‘_I’S— rom ifl. ‘Fresent beneath lake plains and in small basins Tormerly occupied by locally >20 m. In some places, deposits were modified by waves and currents in Montana Agricultural Experiment Station Bulletin 721, 117 p.
7 / § > A middle Pleistocene fill deposit is present in the subsurface in the buried valleys. It is glacial and postglacial lakes. Local relief 2-4 m. Includes some lake clay and lakes: the ice-contact deposits are overlain by thin, discontinuous, lake clay, silt
' not well exposed in the Shelby quadrangle, but it is well exposed in the adjacent Havre silt, flood-plain and channel alluvium, and till. In many areas, overlies lake clay i ; ; ;
/ & Iss @ p y q gle, p ] il ﬂ_ d I_ in and ch | alluvi dtill. | lies lake cl sand,’and gravel. Distinguished from kame-mora|’ne deposits (mz;p unit ke)’ ’
G\ = a t quadrangle in the vicinity of Havre (Fullerton and others, 2012). The alluvial and lacustrine and silt. Thickness 1-8 m, locally >10 m arbitrarily in some areas. Includes some kame-moraine deposits, kame-delta
< [ / \ fill deposit commonly includes, from younger to older: glacial lake sediment of Illinoian age; d its. and lake-delta d its. Also includ twash sand and |
2 lu f \ ‘V u nonglacial overbank and channel alluvium and pond or lake deposits of pre-Illinoian age; and lu LAKE CLAY, SILT, SAND, AND GRAVEL—Undivided deposit of lake clay, silt, |:|feozl|;§, asri]“ an s:nc? issé)tsflks).od_pslc;ilr?znud i;;ﬁrr:;} §|l:uv\\;?5m s?ir|]| :r?d S.;Z‘r/sgk
d { a N \/ . s glacial lake deposits of pre-lllinoian age. The fill deposits are overlain by eolian deposits, sand, and fine gravel. Overlain by eolian sand and silt in some places. Includes outcrops.’ Loically overlain by till or flowtill; in some areas overlain by eolian silt
)3 P B L ' N . channel and flood-plain alluvium, sheetwash alluvium, lake deposits, and till units of late inset and overlapping flood-plain and channel alluvium. Descriptions of lake and sand. Thickness 1-10 m, locally >15 m
£ / a N i N A § \é‘ \\ o Wisconsin and Illinoian age (informal Fort Assiniboine and Herron Park tills, respectively, of deposits in map units Ica and Iss apply. Thickness 1-3 m, locally >10 m
—K \ 7 R : . vy Fullerton and Colton, 1986). The fill deposits overlie till of pre-Illinoian age (upper unit of _ _ - OUTWASH SAND AND GRAVEL—Sediment deposited in subaerial meltwater
L/ \ ' . : Y Ny | informal Havre till of Fullerton and Colton, 1986); lake and fluvial deposits; a paleosol in the - LAKE AND EOLIAN SAND AND SILT—Complex map unit of lake sand and silt streams. Pale-yellow, brownish-yellow, grayish-yellow, reddish-brown
3 ? B ‘Qf : s ir “J lower unit of Havre till; glacial lake deposits; and nonglacial fluvial gravel from the mountains and eolian sand and silt. Lake deposits in many places were reworked by wind and yellowish-brown, olive-brown, grayish-brown, brown, olive, yellowish-gray
£ f\ L, / < N D \,\\ - to thebsoutl;n ang: v_ve;t.ffll'lhe basgl nonglacial lg;ravel benelath tl;e ﬁ'lll deposits contains Irvingtonian Eoﬁ;enos\;réa;:c:)ziﬁcﬂa\z ﬁESVOSItesilowish-brown ivebrown aravishbron brown brownish-gray, olive-gray, gray, or mottled, calcareous sand, pebbly sand, and
I /5/ ‘ < \ \ )( vertebrate fossils; the fill contains rare vertebrate (ungulate) fossils brownish-gray, gray, or mc’)tilled windblown éand and silt ih%la)r:ket-like dépOSitS', grave.lz Iogally pgbbly sand anq silt. Poorly to well stratified; poorly to well sorte.d.
@ ))(( Iu:v ] S local low dune’s Calycareous Well stratified: poorly sorted to well sorted ’ S.tratlflca.tlon typlcally (1) horizontal beds of well-sorted sapd, (2) pebbly sand with
L % Tvpicall Ioose'homo eneo'us massive finé sand and silt with faint bedé or ripple-drift, cut-and-fill, planar, or trough crossbeds, or (3) interbedded pebbly sand
4 = N \ 4 cr{)‘ls-be)(;s Ve’ friab?e' Weakyl com ayct' slightlv hard: subanaular block and pebble, cobble, or boulder gravel. Local lenses or beds of silt and clay; local
a LN = structure: ﬁot st?tl:ky or p]astic V\%en mpoisty nger);lly C|’ElSt freeg Containsy boulder beds; local blocks (clasts) 9f till or masses of flowtill. Clasts are .
<;’< I Iss i \ 7 discontin’uous accumulations of secon dary' calcium carbonate in’ some places; subangular to yery.wel.l rounded; d.lameter.of largest clasts ggr}erally decreages in
48°00" = iy o stained by iron oxides locally. Tvpically oxidized throughout. In some Iace’s downstream direction in valley train deposits. Clast composition generally is
112°00° _ - " ,48 00 tai Y  casts and k)ll' dyp | yd buried soil Hq . .h . pM t'l similar to that in local till; locally dominantly shale or dominantly redeposited
o 110°00 (s:?al?nIaeln\fv:%ogf:sssscg?/er\'lvliialyblg\\//vec)ﬁtpse Urt:ziflatsicn)lgso(r rl:)TI]ilrﬁg ?J;I)ZC)C;T'Z)F;hy ostly quartzite, argillite, chert, and cherF conglomerate derived from older gravel. .
Base hydrology from U.S. Geological Survey, 1955 SCALE 1: 250 000 Geology complled in .1 976-86, 1990-2002, 2004-2010 Thickhess 05.3m: ma;(imum 6m Boul.ders fand large cobble§ are chlgﬂy subangular or.subroupded: rgworked, glacial
Base topography from National Elevation Dataset (NED), U.S. Geological Survey 1974 (http;/seamless.usgs.gov) Edit and digital Iquut by Jeffery R. Hartley Lake sand and silt—Similar to deposits in map unit Iss erratics (limestone, dolomite, granite, pegmatite, gneiss, schist, diorite, and other
Base cities, roads, and railroads from Montana State Library 2011 (http/nris.mt.gov) 1 15 MILES Geology digitized by Charles A. Bush igneous and metamorphic rocks). Fragments of lignite (bedrock) are ubiquitous in
' ' | o — — — — P Digital cartography by Charles A. Bush - COLLUVIUM?2 SHEETWASH ALLUVIUM.! LAKE DEPOSITS. AND many areas. C.Iast.s In some places are intensely stained by iron (?X'des or
TRANSVERSE MERCATOR PROJECTION Published by U.S Geological Survey Science Publishing Network Denver GLACIOFLUVIAL DEPOSITS—Complex map urit in abandoned meltwater Sutfaces ars smooth, andulating, o genly rlling. Locel relief s 125 m. 1nclices
1927 North American Datum 5 0 5 10 15 20 KILOMETERS Manuscript approved for publication July 27, 2012 :::ji:?iilstangognﬁcgIt:;kghc::]t;eetlssI;:;e:lv:i{se.w(;;:g?eeIszgilfsﬁrifg:ﬂétgeﬂ]nggr;c; some till, ice-contact sand and gravel, lake-delta deposits, inset flood-plain and
: . . . . ' . hannel alluvium, and bedrock out . , deposit dified b
places, lake deposits are overlain by eolian sand and silt. Locally, glaciofluvial \Sv;\?ensear?d lé\ljlrl:gt: ?n Iaeke;m;n((i) l:)uctr\zgzh Sgnsé) r::da;:\s/el ?Sp g\s,'e;gﬁrsyn:gké Icelay Y
CONTOUR INTERVAL 100 METERS g;?)\gzlitasnd\f;?:yd;gg:'::g ?%;Stxﬁfsifjﬁa?ﬁezm;ue;It:\(/ei:f*et?“dl::gwal silt, and sand. Locally overlain by eolian silt and sand. Thickness 1-4 m, locally
CANADA . 1040 e ' P >10m
. . 106 . 1955 MAGNETIC DECLINATION FROM TRUE NORTH VARIES FROM 19%° EASTERLY FOR CORRELATION OF MAP UNITS deposits, and bedrock out Isolated large bould lag d ts of cobbl . L
. . o . 108 _ posits, and bedrock outcrops. Isolated large boulders or lag deposits of cobbles
v 116 e _n N — " THE CENTER OF THE WEST EDGE TO 18%° EASTERLY FOR THE CENTER OF THE EAST idesi ' Some of the sand and gravel mapped as outwash deposits possibly is early
and boulders are present on valley sides in some places. Gullies locally are lacial all d £ likel h
MONTANA \ EDGE. ANNUAL CHANGE 15 0°40" WESTERLY common on valley sides. Channel alluvium is inset into other deposits; flood-plain ;)ostg amal ?] uwurg. Precu;lttatllor) .arlm dru:lo TIKely wderel gr.ezitefrt an at present
GLASGOW  |WOLFPOINT . h . ’ or several thousand years after initial deglaciation, and glacial, ice-contact,
u SANDPOINT KALISPELL CUT BANK SHELBY HAVRE o depos!ts overlap some I§l§e deposits. Sh_eetwash alluvium Iocally overlaps other glaciofluvial, and glaciolacustrine sediments were eroded and redeposited as
* GLACIOFLUVIAL deposits on vaI_Iey sides; in some places it mgntles_ much_ of the fill on the vallc_ay alluvial fills. The surface morphology, clast composition, and sedimentary
JORDAN GLENDIVE NOTE: DEPOSITS fIc_>or. Distinction c_)f map units cad and caa is arbitrary in some areas. Combined structures of the deglacial outwash and early postglacial alluvium are similar, and
SPOKANE ALLACE CHOTEAU GREATFALLS | LEWISTOWN - . . . thickness of deposits is 1-10 m, locally >15 m . i ;
47° This map was prepared to serve as a database for compilation of a Quaternary geologic map of the Lethbridge 4° x 6° quadrangle, LANDSLIDE BEDROCK Colluvium—sSimilar to map unit caa. Thickness 0.5-8 m the deposits have not been distinguished on published maps
4 T United States and Canada (scale 1:1,000,000). Letter symbols for the map units are those used for the same units in the Quaternary GLACIAL  ICE-CONTACT ALLUVIAL LACUSTRINE DEPOSITS COLLUVIAL Sheetwash alluvium—sSimilar to mab unit wla. Thickness 0.5-4 m
WHITE FORSYTH MILES CITY Geologic Atlas of the United States map series. This map is a simplified compilation of data from many sources, listed in SOURCES OF DEPOSITS DEPOSITS DEPOSITS DEPQSITS DEP)O\S'TS ’ : - LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSITS—Pale-yellow,
“AM'LTOW BUTTE S ROUNDUP “ INFORMATION, at several map scales. Some of the map data are simplified and generalized. For example, small areas of pediment, \'g N - COLLUVIUM 2 SHEETWASH ALLUVIUM.: AND LANDSLIDE grayish-yellow, yellowish-brown, brown, brownish-gray, olive-gray, gray, or
46° 5 alluvial-fan, and terrace deposits (map unit pgd) that were mapped separately at larger scales by others, here are combined as single N DEPOSITS’—CompIex map unit on valley sides and eroded uplands. Includes mottled, calcareous silt, sand, and gravel. Well stratified; generally well sorted.
i o polygons. Many surficial deposits that can be shown accurately as small polygons at 1:250,000 scale are omitted here because they are afi Holocene areas of lag sand and gravel over till and (or) bedrock: alluvial-fan and Chiefly laminated silt and very fine sand interbedded with thin layers of clay or
ey 2% oion BOZEMAN BILLINGS HARDIN EKAL too small to be shown at 1:1,000,000 scale. sheetwash-alluvium fan or apron deposits at bases of |Y1illslopes and at mouths of fine to coarse sand. Average grain size decreases from top to bottom. Foreset beds
- o _ - 45 Map units are surficial deposits and materials, not landforms. The deposits that comprise some constructional landforms (.g., ? lca | 1ss | 1u qullies; lag boulder and cobble accumulations; sheet-wash-eroded o are absent; basal sediments commonly are lake clay and silt, but they are not delta
¥ -l - - ground-moraine deposits, end-moraine deposits, and stagnation-moraine deposits, all composed of till), are distinguished for purposes of stream-eroded till or bedrock dissected by guliieS' extensive areas of bedrock bottomset beds. Silt and sand are crossbedded or horizontally bedded:; ripple-drift
V\&.s ~~_‘(’\_J WYOMING reconstruction of glacial history. Deposits and materials are distinguished on the basis of genesis, lithology or composition, texture or LATE WISCONSIN late outcrop ' lamination is common. Clasts are mixed rocks derived from surficial deposits and
DUBOS™ |~ ASHION a° particle size, and other physical, chemical, and engineering characteristics. It is not a map of soils that are recognized in pedology or : Colluvium—Yellowish-brown. olive-brown. brown olive. vellowish-ara bedrock that were eroded, transported, and deposited by catastrophic-flood
“ ; ] o 108° agronomy. Rather, it is a generalized map of soils as recognized in engineering geology, or of substrata or parent materials in which Pleistocene > QUATERNARY browish-gray, gray, or mottled debris tra{nsportea and Ydé/posited b)? o drainage into a glacial lake. Mapped at several localities east of Conrad.
8 116° o o o 108° i ic soi i ’ ’ Thicki 3—>10
1 nz 110 pedologic or agronomic soils are formed. - Pleistocene mass-movement processes. Calcareous or noncalcareous. Loose to compact. lckness m
. Nonstratified or faintly stratified; nonsorted or poorly sorted. Commonly massive. . - .
INDEX TO 1:250,000 TOPOGRAPHIC QUADRANGLES middle A . ; . DELTA SAND AND GRA\(EL—Broyvnlsh-yeIonv, yellowish-brown, olive-brown,
R Where derived from local bedrock, colluvium typically is angular and subangular
Showing location of the Shelby 1° x 2° quadrangle in red Pleistocene blocks, bould bbles, pebbles, and les of local bedrock in a clayey t grayish-brown, brown, olive, brownish-gray, olive-gray, gray, or mottled,
g v q g 0CKs, boulders, Cobbles, pebbles, and granules of focal bearock In a clayey 1o calcareous clay, silt, sand, and gravel. Moderately or well stratified; moderately or
early sandy matrix. Where derived from sand and gravel, typically it is sand or pebbly well sorted. Bottomset beds generally are absent. Foreset beds are
i sand. Where derived from glacial drift, typically it is boulders, cobbles, pebbles, - N . -
Pleistocene and granules of erratic Iimegtone and dolgﬁwite )elrratic igneous and metar?worphic ripple-laminated or planar-bedded, coarse to fine sand and silt and well-sorted sand
Pliocene rocks, and local sandstone and shale in a clayey to sandy matrix. Three or more and gravel. Topset beds are (L) well-sorted coarse sand and gravel, (2)
TERTIARY buri d ils (humic hori locall tin the colluvium: lianite (bedrock moderately-well sorted gravelly sand, or (3) planar-bedded, trough-crossbedded, or
furle Sct)' s( ug}lc _torlzc_ms) ocally are Prrlf?'e; in O%Cg uvium; lignite (bedrock) ripple-laminated fine or medium sand. Grain size of sediment in topset beds varies
e sh ratgvmerr: s"are.u |qu|S_0u§I|n {nany area:. | ICkness .o->m abruptly, laterally and vertically. Cobbles and boulders are common. Clasts are
50° . 102 EXPLANATION L ez I'?js da uv!:Jm—s_ 'T' a: 0 map u_’:'_ wia chiefly subangular; clast composition is chiefly local bedrock because the delta
1 = "z 108 106° 104 andslide deposits—similar to map unit jea formed at the mouth of a lake spillway channel that was deeply incised into
S LW . - I Gallee MOUNTAIN VALLEY AND PIEDMONT GLACIATION bedrock. Mapped only in the southwest corner of the quadrangle. Some small
S%(, QS gl soman T o Bousind " Ve Cresk / Neile® Fogg . ° - - _ _ HOLOCENE, LATE P2LEISTQCENE, AND MID_DLE PLEISTOCENE delta deposits are included in lake silt and sand (Iss) and undivided lake deposits
Sl e - Lt 70 4 e ‘ _— ° — Pinedale till cly LOA_MY COLLUVI_UM —Ownish-orange, ygllowwh-brown, or_ange-browp, (lu). Thickness 3-10m
© £ LW A ) & o o Weyhum e olive-brown, grayish-brown, brown, brownish-yellow, yellowish-gray, olive-gray,
P h.Brccket e e oW ical 7 st LAURENTIDE CONTINENTAL GLACIATION brownish-gray, gray, or mottled loam and sandy loam in the Sweet Grass Hills. PLEISTOCENE AND PLIOCENE
incher & . ) L. i ifind-
ST R ' ooy v oty iy cooty mmos oo, e ngum s NI PECIVENT, ALLUVIAL FAN,AND FLUVIAL TERRACE DEPOSITS — i
. & ! ° o Viceroy ! o i i , . . . .
D ;.Dd' S ’ - X‘? o Bergoueh llinoian till [s)ubarigular local bedroci:pchief)lly intrusiv)é igneous rgcks (syenite syeni?e pink, reddish-yellow, yellow, yellowish-brown, reddish-brown, orange-brown,
Waterton L ke Cart Rehaﬂze LN oMt Wood Mountain o finVeley 4’/43.  Frabister Isolated and scattered exposures of
aterton Lakes 3 AR
National Park [ “Mounten el Leth ridge o

olive-brown, brown, brownish-yellow, yellowish-gray, olive-gray, brownish-gray,
x Upland o(/,?/ 1w o it o Estevan pre-Wisconsin till and glacial erratic boulders

porphyry, and minor trachyte porphyry, diorite porphyry, and monzonite porphyry)

Kimball

: - - : gray, or mottled gravel, sand, and silt. Calcareous or non-calcareous. Poorly to
and sedimentary rocks (sandstone, mudstone, shale, and minor limestone). Glacial A
> " g Weyburn Pre Bunoian thl on north margin erratics from Canada are present in some places on the margins of the Sweet Grass moderately well stratified; poorly to moderately well sorted. Boulders, cobbles,
B 3R o\ I T\ Wilbw Bunei Lake .~ | ememee—et NORTH DAKOTA of Bearpaw Mountains Hills. Includes some landslide deposits, flood-plain and channel alluvium pebbles, and granules in a sand and silt matrix. Clasts in pediment and alluvial-fan
ot L oA o e e OV NN N N\ DEONsli——Cypiess Lake N\ CANADA NN Wood Mountaip N\ N "™ Lyl sedde e —mee e e Scattered glacial erratic boulders, no till . ) - )
EIZAN ek [ b SR R U R N T N N O N D N N it e A et TR o, Sty et Lt Lt St R . ) 3
PD'F fallee 222 Y NNGE) ) NN AN N, N S s Ss — — S N T TR SR AT o fottna C'ZSD‘{ }Q(/ o Bobels

Glacial lakes Great Falls and Musselshell.
Full extent of lakes not shown
Not glaciated

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

pediment, alluvial-fan and alluvial-terrace deposits, and extensive bedrock
outcrops. Thickness 0.5->6 m; maximum >15 m

Chinook
Two Medicine
EastGlacierPark lobe

LAURENTIDE CONTINENTAL GLACIATION
Late Wisconsin

+.,+*"* Limit of late Wisconsin glaciation (LW),
defined by stratigraphy and (or) surface
morphology

FROST-RUBBLE AND TALUS-RUBBLE DEPOSITS—BIocks, 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

o Bowdoin

. ate Wisconsin

B f - . . and sand, and bedrock outcrops. Thickness generally 1-4 m, locally >10 m
nonsorted; little or no matrix. Includes landslide deposits, rock-fall and rock-slide P g Y Y
180 phase of glacial -~ Limitof"C2" glacial readvance in southwestern Alberta deposits, talus-flow and debris-flow deposits, colluvium, and bedrock outcrops.
MALTA $UBLOBE Lake Jordan o~ Limitof a regional glacial readvance caused Thickness generally >1 m; locally >10 m oc PRE-QUATERNARY
by reorganization of glacial dispersal centers; BEDROCK
Little Rocky Mts GLASGOW OR defined by stratigraphy and surface morphology.
o antsk “Lw MISSOURI VALLEY Hachures on the "up-glacier" side of limit

HOLOCENE AND PLEISTOCENE
L0BE

IIlinoian SLUMP-BLOCK LANDSLIDE DEPOSITS AND ROCKSLIDE DEPOSITS—

3 l Sun Prair

Lsheetwash alluvium, for purposes of this map, is material that was transported and deposited by unconfined

bedding, and other sedimentary structures of slumped materials are disturbed but
retained. Toes of some deposits form sub-parallel, arcuate, concentric, hummocky

Pre-lllinoian Pleistocene

Limit of Illinoian glaciation (IL), defined by stratigraphy Mapped on_ly in the Sweet Grass Hills. Most of the in_dividual landslide deposits running water, chiefly sheet flow and rill wash.
~ " Killdeer and (or) surface morphology ' elsewhere in the quadrangle are too small to map at this scale. Slump-block Colluvium, for purposes of this map, is material that was transported and deposited by slow
GreatFals SN 5 Mountains j Pre-Wisconsi landslide deposits are masses of bedrock and unconsolidated materials that rotated mass-movement processes, chiefly creep. ‘ . o .
ighwood -~ ==3032%" }Q“g IL £ oGussbite BN i G [e- IS:OIISI‘;IV W and alacial or slid downslope as a unit, with little or no flow. The physical properties of the Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement
. Mountains | & o ey @ . ) N imit of pre-Wisconsin till and glacia _ ) W. pertie by the U.S. Government.
Late Wisconsin phase o S VRTINS, i E 4% Cow Gl e erraticphoulders(Iin_iit_of PW). Till is not present transported materials are not greatly altered; original textures, stratification, v
afﬂl;ciaISLz;ﬁes %eat Falls ol 15 e el S ;?atg;/‘vgc&n’s\hnu ??Siﬁ e;)lfl oIty Ed i 3 N ow as far south as the limit of boulders
m; 3, 7 = -~ \
£ % :
470 Choteay B 3 (792 m; 2,600 ft) confluent pg
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