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Birnl No. 2 quadrangle is in northwestern North Dakota, adjscent to many miles in Morth Dakota. The West Branch of Shore Creek and the East flowing from areas in Canada, Streans draining northward in the Fort Union e O H L ?DO 4 o o, = ! Yallees vhaEs 18] meltustar floved and secailateds Host “nm i K
the Dominion of Canada oo the north and about 50 miles fram the east bor- Branch of Shore Creek are the only well-developed streams (intermittent) formation were dammed by the first advance of glacial ice and valleys were (8] Ef) y @1 0 3 : : : O ﬁ g ro i Qgm ; out :rgraund g::im and in most places partislly filled vith de= - .*-
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went in the area, For this reasan, emphasis in this repart is on the - and strong winds, - According to westher bureau records, January tempera- hills to be eroded. - :0 ) H@| _ g X i DP /f} - " - . : ::'ﬂ:h i t:’;vu{ SHEETR) WSRO s DRt o as i 0 ost s
classification and description of the surficial deposits, : tures average four degrees, and one hundred degrees is ccmmon in summer. - The last advance of the ice was during Late Wisconsin time, and during o | : \ %? q : 0 - Q o ol b d 2 € o P ' ; S
The base of the report is the gealogic map. The map explanation in- Precipitation averages less than fifteen inches per ysar of which two- this glaciation the deposits making the present ground surface were formed, R : o . p :_-__ i D Q i 3 k § o e
cludes lithologic descriptions and distinctive topographic features of the  thirds is in the sumser. Droughte are oamon. The prevalling winda from The erosion surface of the underlying bedrock is higher in altitude under 5 < z : : i ¢ O 7Oy OQ"' . Qk . - -
map units. The largest part of the text and the table of said and gravel the narthwest are dry and often strong and cause blizszards in winter and the terminal morains than it is under the ground moraine plain to the © ‘ O: 2. i o 1 P : =y : C i : 2 B
analyses below are in tabular form so that specific information may be dust storms in summer. The average frost penetration is spproximatdly north. The bedrock high was a barrier to extensive soutlmward advance of ﬁ@ : , . O 9Qk : i i H '§ g ‘ 5
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Nost of the subsurface data in this report are inferred from drill . - . ar all of this area. Ground moraine was deposited under the glacier dring o ‘ %L i DD ,,:'. : 0‘.’)) f_rj-o > i1 Q :i 0o 57 and sand most :z:m.ng, but olay, gravel, and boulders also present. e
hols logs and water well infophbation provided by the Korth Dakota State The sediments of the Port Union formation were deposited in the the advance of the ice and while the terminal moraine was being deposited N G . O Qk\é: 0 @ 3 O Qb : : : 47 4 O g : Coarse sand and gravel poorly sorted and rudely stratified, Fins sand = " | 5
Qeological Swvey, the U. S. Bureau of Reclamation, and the Ground Water Paleocene epoch in an environment charascterized by large continental at the margin of the ice. : o | : Y 4 i I . : s G e and s1lt sorted in eteeply dipping to harisogtal lensas and discontime- | (1 4
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; 3 i and compacted by their own weight, turning the organic material to coal, nels., As the ice margin moved northward, the first meltwater chamels ) S ' o : : i £ 9 : dn . o : . =
Rival No. 2 quadrangle is in the glaciated Missowri platesu section Deposition stopped and was followed by a period of erosion during which formed were abandoned and others were formed st the edge of the ice. The = i i . Q o ) H 0 i &O 2 ; H QD u g
of the great plains physiographic province. The ground surface is gener- the soft weak beds of the Fort Union formation were easily eroded, making material in the kames on the ground moraine plain was deposited at the re-~ 2 ajes , 9! & ) }‘ < q;, i O, : S d) --"(3 . A : E.‘ 2
ally flat or slightly undulating; it dips gently to the northeast, except an uneven terrain, similar to present-day badlands in North and South ceding margin of the ice. The glacier disappeared relatively recently and A e : el -------*—é: e 1 SRR R R e S “-"“'ti;"""""""J . o
for the area shown on the map as the terminal moraine which is composed of  Dakota, ’ the glacial deposits remain as the ice left them, virtually undisturbed by CE,. (? : i U >
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Scattersd small deposits In glaclal Low mounds elongate Mater oose and porous; locally as worked with hand toole Low strength when very. | Poer concrete admix, except Channel bars formed in : ; : te ’ . i L :
meltwater channels (Qgc, see below). shape with flat to elightly compacted, Permeability except below water table, weak -hanm;nt.. x.:’ nx;xglo "" for swegterring, boe:uu of meltwater channels in e | """""q,"f}"' """"""" ey SRS =seeme : //é % ¥ 3 g,,ﬁ,,,&, y "'Q';"'é

g Thickness; generally 5 ft, to 12 ft.: rolling surface and moderate to high, Drainage good, Compaction fair, slopes neceasary in cuts. i -| apa}l size, poor grading, Pleistocene tims, : : & i O 1

ns Bar sand may sxtend below ground gently sloping sides. Water table near surface in most . Poor foundation material. ] and silt and mica content. ; % oo @' : g > i
level of surrounding meltwater places because of high water table Prost heave: mediunm in | | Good pervious fill where & s - : BT Qgm Glacial t111; chiefly unstratified ealemrecos, plastic clay contalning i
ShAnnelos in meltwater channels, undreined material, ‘| fine material peeded, 8N - -U : o bl e e :im""m':”‘u‘] i cm:i:;n::db:ﬁ:m' :
Porm nstwork over ground moraine Valleys characteristi- Katerials deposited in chamels gen- | Easily worked with hand tools Low to medium atrength de- Coarse materisls used lo~- Valleys ocut by 1) melt- H 19 G : 0 e i £/ sand :'ﬂoo:ﬂ“;- .8:101‘ buff (oxidised; =t and near surface; gray to

< plain, Two primary chamels; 1) Com- cally elongate, flat- erally permeable but poarly drained above water table. Depth to pending on material and cally as road metal., Lo~ water from glacier or : : LA j 5 blue—gray at depth. Caliche sone nee= scrfece common. Ground moruine ‘
plex system of channels trending SE floored and sinuous, because surrounding ground moraine water table 2-15 ft.; water ground water conditiocs. cal concentrations of isolated ice blocks, 2) T H ‘ : covered in places by thin mantls of flae saxd ard silt, particularly y
from Sec, 3, T. 163 N., R, 95 W., with gently sloping is impervious; permeability low in table high in wide basinlike Surface material generally | gravel used for concrete water from heavy snows : : L gc o et i DR ""“1":";’”“‘“"‘ ity -
2) charnel occupied intermittently by sides. Wide, shallow clays, Undrained sloughs and marshy | areas. Quicksand reported in ailty and clayey with low aggregate and road metal, and reins during and im- b H . i 2 SEEASSS SimiRlicimme ey - e '

& Weet Branch 8hore Creek. Other chan~ basinlike areae gen- areas common; subject to flooding. shallow farm wells, Moisture strength when wet. Low (Ses analysis of sample, modiately after glacial % ““*39'""5“- Feenesencts . X -
nels tributary and secondary, Sedi- erally very flat with Most channels have very gentle control necessary for com— angle slopes necessary in S-1, below.) Shallow wells period. Primary channels . o © / " A !
E ments in primary channels known to be inconspicuous and in- gradients down which surface runoff paction of fine material, cuts. Prost heave: mod- productive except in dry cut along ice margin dur- E & : ? a ]
& jat least 23 ft. thick in places. De- definite boundaries, water moves slowly by seepage and erate to high in silt and periods, Roads in channels ing melting of glacier. C ass 2 P a)j‘ F
E |posits less than 6 ft. thick common Valleys trending away discontinuous intermittent streass. clay. subject to flooding and Material in valleys was A : 7 : . : Terminal Foreine -
E in tributary and secondary chamnels, from terminal morains Channels trending from terminal trafficability difficult carried off glacial ice ¥ 30 V pEE = M 28 25 . Late Visconaix ¥ :
Channels widen to shallow basinlike are V-shaped with mod- moraine have moderate to high after rains. or from glacial deposits., : NG ! . .
3 | areas 1in places. erats to steep slopes, | gradients; watet flows in these o7 : . i Ogm : b s i g gy o i< i e
5 . and evidence of small valleys only during the moat pro- : - ; = o - Qant knobe, Srsp ridges, » pres G S
3 landslides and soil longed rains. Branches of Shore . ; 4 NN s 4 / : : . ' ‘ .
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drained depressions age in the quadrangle. (See sampls YLSPEBP SN N\ S H : . D P '9'9 . e J '
- common , analyais S-1 below.) 1 i : . n : 3
Widely scattered over ground moraine Shape of small kames Drainage generally fair to excellent | Easily excavated with 1ight Low to high strength de- Source of sand and gravel Material washed from Ogm: :® A'-: @ Qgm E 3 4
plain, but generally in or near melt- | roughly conical; larger except in large kames where un- machinery, but boulders may be | pending on material. for concrete aggregate, glacial ice and deposited / il= o 4 5 : Pt Unige Romtiion . N
water channels. Indistinct and very { kames highly irregular. drained depressions have impervious large and abundant enough to Road cuts in kames gen- pervious fill, and highway in holes and cracks in - e B Bl s . z Interstratified beds of clay, silt, fime sandstons, and lignite; silt e
g 4 35 S 36 3, = Y : y, 8ilt, ns, 38 }
amal)l dsposits not mapped. Height .| Slopes moderate to very clay floors. Drainage may be poor require special handling. erally stable at 1 on 1. material, Materisl for glacier or in reentrants Rt . ‘g and clay predominate. The alay (silty to futty) and silt {clayey to 1<
s aboye ground moraine plain: 10-50 gentle. Large kames in deposite composed largely of silt | Gravel may be removed by drag- | Frost heave: nons in t | aggregste requires wash- in margin of ice. % Qqgc Q9 > O 9 sandy) are cowpacted to soft clay shale and soft silty shale in places. k}‘;
= |t/ Locally deposits extend to at -have gently undulating and clay. Sand and gravel highly line or power shovel, Special | coarse material; slight ing. Overburden can be . - Eoce esssptaiicn by ealclan enrtaoste t womt bady, sm] tooe 1 k' 4
ast 20 ft. below level of ground surface, permeable. Clay lenses locally make { equipment necessary to compact | to high in eand and silt. . | removed by tractar. (See Ok < :::;l L,f:’ 5.3. ”fmbﬁg;.ﬁ%.“ﬁ :.m:h. -,hm:;. 4 W,
AWT&MO plain, 3 perched water tables. Water table silt or silty sand. . sample analysis S-2 below,) G0 3 Haia a. sppearance. cinyu nostly plastic. Lipxite seams at lsast 8 ft. thick i i
/‘ may be encountered at level of sur- i = and materin] slakes easily on exposure. Xi1se contains lenzes and ire
= Long, sl a ite pe] N Tdge ith 551 {;:L,‘:f SUETOWTE R defoeite, 2 ;Iout.omm;::'g ph;::m.g::ﬂu?&. sm::dn:::iu:;'g.nm.

L » slnuous depos superposed on arrow r 8w roll- ge very good except where im- Same as kame except clay and Same as kame. . | Same &8s kame except over- Deposited a glacial P ; '
terminal moraine in SE quarter of ing, uneven tops ard pervious till closely underlies 8ilt not nbundnnt? Y burden slight., i atx!:u flo:ing fn or Qge 9 Gom Qgm { mm:.":;m”ﬁ;‘“ﬁ";:: um;*"m_"‘m Bedetaem minoe e | i
quadrangle. Trend of larger esker is stesp sides character- surface., Material generally very : under glacial ice, L |

" [ |¥E; tributary esker about 1 mi. in istic; few undrained de- | permeable. : ) 31 4 £
9 length trends NW, Maxisum thickness pressions. Gradient aof ) e : ; : 5 R canras,
probably as great as 35 ft, g long profile of ridge 5 e i A & B I e TN
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- bt il b e ‘terminal moraine, . - ) > Gl ' ) : 4 . it L = 25, I . ; e ‘LQ_ - e ey LAl aeme (A11 boundaries exvept Ft. Union farsetiom based on combined interpre—
»e t widespread deposit in areas; Surface flat to gently Surface drainage poor; marshy areas Hard, compact, tough; plastic High stability in road cuts | Good impervious fill if com- Glacial debris deposited it i’ o ef N P . Ot R v . > Rl j tation of topography ind lithology)
= covers large areas in north two- . ralling and contains and undrained depressions common. when wet and breaks into but may gully. When com- pacted. Unsurfaced roads; under the glacier. M é strie | m""}’/h'" R } A'QE- i° NG B o
~ - | thirde of quadrangle. Thickness:’ numerous undrained de- Permeability and subsurface drain- blocky fragments when dry. ° pacted properly, has high ‘| stable when dry, very diffi- Us : % | %% &J""‘;—‘-P" T o : ; e )
8 probably not over 100 ft. and gen- preseions and glacial - age low to negligible because of Difficult digging with hand strength. Good foundation cult trafficability when wet. ; R T ~ e e et EFO i PN SHARFLY DEFDMED GECLOGIC COMTACT .
= erally less than 50 ft.; commonly kettles. . Surface in- high clay content. Water movement toola, but easily worked with material; settling negli- | Subgrade: good if drainage 2 d p il o : Ogm 108 (Conspioucus topographie change or meriked 1ithologie gradati
trace to 20 ft. See cross sections clined downward slight- largely by capillary action. Ver- power tools. Local “hardpan® gible, Tends to break into | controlled. Scattered boul- OKP 108 , 3 n H Et = H
; below. Underlies kames and meltwate~ | ly from terminal moraine,| tical drainage and permeability or caliche zone from 6 in. to |} blocky masses when dry; . | ders are possible source of Qqgc : Qgm . / S Wi "\@ — T e
o | channels, o locally fair where till cover very . 3 ft. thick. Scattered large plastic and sticky when ;| riprap, pervious fill, and Okgqﬂk ! u :f%;r GRADATIONAL GEXXOGYEC OCTITACT
- § " i - thin over Fort Union formation. boulders may require special wet. Frost heave: medium. ‘| crushed rock. e o Ok 5 5 AT gc <
] : Al X 71 ... | handling. Sheepsfoot and - = - ] - . i @ """" sei” - S :
ol R el : . o oo ooz i 7T | rutber-tired rollers make good | .o .~ oo bl W T : v Xeore T4 1 AR DFERRD ARD GRADATICNAL CECLAGIC COMACT. .
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Covers most of southern one-third o.f Terrain rough; abundant Cenerally same as ground moraine Same as ground moraine except Same as ground moraine. ‘| Same a» ground moraine ex- Glacial debris deposited i ¥ -
quadrangle; second only to ground :%: - | knobs, irregular ridgee, | except kettles and other un- - boulders more abundant both } | cept roads may require cut in front o at margin of = DFFTH RELATIONS PN SURPACE e
d moraine in areal extent. Thickness: . | kettles and other un- draiped depressicne deeper, Minor- | on surface and buried in til1l. - Hh 3 “« . i | and £111 because of rough the glacier, ) (Fumber of item balov refers to mmber in diamond on mp) o
= . | generally less than 100 ft. but lo- ' | drained depressions. . | surface drainage 1-2 mi. south of : O e . 7 = ¢ 1| terradn.. - , ' ‘s s
=1 cally may be 150 ft. See cross sec- . | Slopes steep to moder- contact with ground moraine; all . e . o G . o - 1. Top Pt. Union formation less tham £0 ft. from surface.
E tions below. Differs from ground--< -~ | ate., Tops of hills drainsge in northerly direction, - : SR A 5 T ;' ;:p 2' g:i:: tomrmtuﬁ : : ﬁorr'i.n:ﬁmmhm'
moraine in 1) rougher terrain, 2) - rounded, - y e T -- - = . 9 : 162 L: !u; Ft. Union formation 40 fi. from surfase. o
- abundant boulders, 3) origin (See - | s : » ‘ gy ™ ) | = : ! = = N 5. Top Ft. Union formation 20 £1. from surfece.
origin of dopoaits. S = 5 Y P Gl . = 2 8 6. Top Pt. Union formation lesss thwm &0 ft. from murface.
g::-‘.li:: :::ﬁ:inl Tgr;i:l) :; . : ﬁ.ponu:;: gm:lh have Drn.:n:go fa.l{ in ;;lt. r:;xd fine Difi’icult. excavation with hand | Subject to landsliding in Clays may be good fil11 if Lake, lagoon, and swamp . i i Z: ;g; ;‘t: g:i:: 1,'::““: 11= :}2 g: ﬁﬁ: m.mm:_
= fn th bq“‘d’n P t.;-i nig *p pe ng sandstone; clays impervious, tools but easily worked with other areas; moisture con- moisture controlled, Lig- deposits. . : 9. Top Ft. Union formation less tham 50 ft. from surfeoe. -
E exposures in the belt of strip mining valleys of meltwater Seepage springs present at base of power tools except for trol necessary for stabil- nite and sandy layers are 22&"_")" T s e g esdbome e il
between highway 5 and terminal channels. outcrops. Many lignite beds and scattered large masses of hard | ization. Partially sources of water, Lignite | Ni = 1. Top M1, Unlon formation/lems tims 1) ft. from Surfece.
é moraine, and in the extreme NE corner | ~ . fine sandstone dre water-bearing. limy siltstone. Whers excava- | cemented silts weather « | 48 strip mined in areas { 1 A EG e 3 11; '%:Pr;;- p;ﬁ?n mgimw &':: 1%:;:-“;“ surface
of the quadrangle. Most natural ex- ° | .o tion intersects lignite, un- . | easily due to leaching of ‘| shown on map where over— . ) B D | & g ‘ 1. Top Pt. Union formtion less tha 30 f1. from surface.
= | posures are along sides of meltwater .. e b : a8 e I watering may be necessary. lime cement. Frost heave: | burden is generally less than 2 b\ ' : 13- Top ¥4, Ohion formmtin 33 f1. G eifies. & 0.
S| channels and are small in areal ex- . . i = Side oo IS loisture control necessary to bad in silts. b . | 50 ft. Sandy layers too fine '*-=(¢."*='~"-"'" = --"T"'"--m. 16. 110 ft. pebbly clay over Ft. Sximm formstion.
&| tent. Data on thickness meager but .. s e i i 2y RS kn - compact clays and ailty clays, =) " 7 .. . | and variable for most uses, - o P @\ “}‘}‘Q - s ig' :B f:.t p;bu’ clay A dh:’ e .
i g | formations probably at least 500 fr. . | - £ but silts and clays compact "’ 2 e S | ¥poor road matal bessass ailty ~ " tll : 3 = ] 1% 188 . ”n:g;l’ ler: A ..‘: n..a-u-_ surface.
a thick, See cross sections belom, S o . fairly well with roller equip- 3 ‘ and clays unstable when wet, ,.i}i ‘ \ '.{3‘ ¥ . 20. Top Ft. Union formation lass Tham 90 ft. fron surfece.
| O i | e 8 SR -y ey e - _ Bibirh s paor Viclieatit v /i ) ‘ . 21. Top Pt. Union forsation less tham 40 £t. from surfsce, |
- i ; . probable frost heave, % 3 % O L..: N . 26 Qé A - : 2 ;; S 28 Tt 30 223. ::;ﬁ. 3{'353 mromuu: 11: :;19 :: nn: m. {
2 o E R . /'(Q ( s < q: — . &2 P Qge i : 22 2,. Top Pt. Union formation less them Z2 ft. fron surfave. '
4 [ G at . % & g D D) 1 00 f ,S:,' Qgc 25, Top Ft. Union formation lews $ham 20 £9. from surfece. |
) ) otk \ QOQD | gm0 T S 17 < ° i o Thu Tty 26. Top Ft. Union formstion leas tham 40 ft. from surface.
' 8 ! \ 9 5 \........ O 2 - T~ = ; o Uy 27. $¥pp Ft. Union formation lees tham 50 ft. from surfase. -
g ! = Lons 9 By eavasbuiEme AR - 28. Top Ft. Union formation less o= 29 ft. from surface. .
g povse e femamees “Feecsn w,...h ~dy =Y. S bo Ltre e e = Ry . 29, Top Pt. Union formalion less thaa 40 ft. from surface.
i (G : s Y A I,_ . > = P YT . o 30. Top Pt. Union formation lesw thenm 93 ft. from surfuce.
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