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Preliminary report on the

Geology o1 the Frazer Quadrncgle, Montana

by
Fred S, Jenscen

GENERLL SETTING
Geography

The Frazer quadranglc covers about 200 squarc miles in north-

v castern Montana, mostly in Valley County, partly in McCone Countby.
That part in Valley County is within the Fort Peck Indian Rescrvation
which extends many miles to the cast, north, and west., Northocster:a
Montana 1s in the Missouri Pleteau scction of the Northern Great
Plains physiogrophic provincc,

The Missouri River mecanders on a floodplain 2 to 3 miles wide
cxtonding from west to cast across the southermmost part of the
quadrenglc. 411 other drainage is tributery to the Missouri River,
the largest being Little Porcupine Creck, in the castern part of
the quadrangle, which flows southward on a floodplain about once=
half milc wide.

The river bottom land was formerly coverced with groves of
cottonwood, willow, grccn ash and boxclder, Most of this land
hes now boen eleared for farminge L row of treces borders Little
Porcupine Creck and some of its more rccently abandonced meanders.

The only other trees arce cround Frazer townsito.



Drainage is wecll integrated oxcept for numcrous small arcas
on the upland,

Most of the surfecc is a grassy plain sloping gontly southwerd
towards the Missouri River, Local rclicf on this plain gencrally o
only a few fecot, but in the northern part of the quadranglc remnonts
of an old platcau surfacc stand more than 200 fect above the gencral
level., Little Porcupine Crecl: has trenched as much as €0 foot into
the upland, and steop bluffs at the north ecdge of the Missouri River
floodplain arc of similar height.

South of the Missouri River floodplain much dissccted remnants
of a tableland morc than 200 fect ebove river level risc soushword
to blend with o still hig%er uplend just beyond the quadrengle,

The town of Frazcr, population cbout 500, is on the mein I1inc
of the Great Northern Railwey and on U, S. Highway 2, both of which
cross the southern part of the quadrengle, Therce arce a fow unimproved
roads, usced by local ranchers and wheat farmers, in the northern part,
and a nctwork of improved rocds in the southern part of the quadrangle.
Just to the cast of the quadranglce a grovelled highuway lcads north
from U, S, Highway 2. Damming has crcatcd an crtificial icke for
storing irrigation water ncar Frazer, the water being supnlicd

during spring runoff by o ¢cnal from Little Porcupine Creck,

’ Geology
Bedrock, == Three scdimentary formetions crop cut at thoe surface.
From oldest to youngest these arce the Bearpoaw shele, Fox Hills

sandstonc and Ilell Creci: formotion, all of Upper Crotaccous age. Tho



Bearpaw shale is a dark gray claycy shalc underlying the whole corca.
The others arc interbedded gray and brown sandstone, siltstone, and
claystonc, and arc proscnt only in smell arcas in the northeast cnd
southwest parts cof the quadrangle. The formetions dip a fow fec
per mile to the cast and southcast, Exposurcs arc mostly along
strecam velleys and on steep hillsides.

Ln additional 7,500 feet (estimated) of scdimentary strate
underlic the Bearpew shale and oveorlie pre=Canbrian crystalline rcecks.
These strate include o great vericty of rock types, including sand-
stone, shalc, limcstonc, conglomeratce, gypsum, and anhydritc, Scme

*
cof them contein oil and gas in other perts of the stote but recont
test drilling ncar this crca hes been unsuccessful,

Surficial dcpositse. == Unconsolidated deposits cf four kinde
mantle most of the surface. The oldest arc gravels (Flaxville grovel
and Wiota gravel) deposited on gently sloping crosien surfaccs cub
by strcams which flowed at successively lower clevations duriag the
latter port of the Tertiary period and well into Quatornary timc.
Theso grovels discontinuously cover bedrock and underlic younger
formations. Next come unstratificd deposits {(ground moraine) laid
down os on uncven blonkcet over most of the arca by an adveoneing
continental glacicr of Cory (?) sub-ogo. Ls the glacicr wancd o
varicty of stratificd moaterials (supcrglocicl fluvio-locustrinc
deposits, pitted outwnsh deposits, outwosh gravels depositod in
channels, and outwash terrace deposits) was dopositod.  The stratie-
ficd drift differs locally in thickncss ond is of diecontinuous

distribution, It lics upon unstretifico drift, pre-Gary
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or badrock according to tho depth of crosion concurrcnt with depo-
sition, The youngest uncongolidated doposits cre alluvium and toerroce
alluvium in strecam valleys; intermittont sand depesits in irrogu-aritvics
of the ground morzine surface ond alluviwa—-celluvium on valley-sid:
slopcs, Thesc arc post-glacial and crc associoted with the .iosw

rceont stages of goomorphic developmont,

BEDROCK FORMLTIONS
Upper Crotaccous formations

Bearpaw_shalc. (Kb)

1. Doscription.-- Becarpaw shalc underlics all of the quad—
rangles 1t is about 1,100 foct thick and ie predominontly somi-
consolidated dark gray claycy shalc, slightly fissilo;

Weathering softens tho near-surface fow feet, probably by
lcaching of colloidel matter, and lightens the color. Part of the
formation consists of bentonite, a clay mincral heving marked swell-
ing propertics. It occurs both disporsed in the other types of cloy
presént in the shale, and in scparatc beds. Where bontonite is
dispersed in the shale, the shele weathers so as to feel soft ond
spongy underfoot, Shele containing no dispersced bentonite weathers
to a mass of soft, light grcoy chips up Yo helf an inch ccross,

Bentonite also cccurs in meny creomy yvellow bedec vwiich range
in thicknocss from o fraction of an inch to & inches.

In addition to bontenite the formation contains scveral kinds
of hard ollipscidal concrcticns, mcst of which arc cither rusty
brown clay-ironstonc or light gray limestcac, arranged aloiyg vedding

.
plancs end norc or lcss widely spaced. ny of the conircticas 2oc
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likely to contein marine fossils, but in the limcstonc concretions
alone arc they ebundant and well prescrved.

Only the upper few hundred fecokt of tho formetion cre oxposed n
the quadrangle so the fossils roprescnt but twe palcontclogic zones.

The uppermost zone is cheractorized by certein ammonites, Diccoscopiites

sn. and Beeculitos grandis. The other zone is characterized Ly o form

1

of Baculitcs compressus, an ammonite, having smooth flarnks ond veanser,

Many cthcr specics of fossil;,in particular Inccoramus sp., arc prascnt

in both zoncs.

2, Vater~bearing cheracter. == Tho formation is so neariy
inpcrvious that no appreeiable gquentitics of ground waser can be
recovered from it, Unweathered shale has a moisture content of
about 15 percent but the water is highly mineralized and any small
anounts recevered are unfit for use. Water wellg should not be
drilled inco Bearpaw shale unless it is planned 1o penetrate the
uncerlying Judith River formation, in which'case a hole 700 to 1C00

feet deep is necessary.

3. Engineering considerations, ~- Both weathered and
unweathered shale can be excavated with power tools. Fractures
focilitate excavation but necessitate timbering of tumels and
revetting of large cuts having slopcs in excess of about 45 degrecs.
Because of low permeability underground water scepage is negligible

and subsurface drainage is poor, even in the weathered material,



Foundation sites for hcavy s tructures should be test-drilled to
determince the prescnoe or absecace of beatonite beds, which may causc
landsliding. Landsliding may also be initiated by large cxcavations
in shalc hillsides or necar tanir bascs, or by hoavy structurcs on
such hillsides. Unweathered shalc slacks ond loses strength very
rapidly on cxposurc to the atmospherc.

During wet weather unsurfaced roads cre impassiblc,

Fox Hills sandstonc (Xfh).

1, Decscription, == Fox Hills sandstonc hos been croded from
the quadrangle cxcept for small arcas near the northecast and southwost
corners, It is about 120 fcot thick and grades upward from the Ec-re
row shale through cbout 35 feoot of alternating, thin-bodded, gray
brown, and yollow silty claystonc, siltstonc, and finc grained sand-
stonec, all of which have a light gray weathered surface. Ths remainder
of the formntion is ycllowish rust brown finc—grained sandstonc,
discontinuously ccmented by coalecium corbonate to form ledges end
spheroidal concrotionary masses. Scvercl other kinds of smoller
concreotions,; of both reguler and irrcgular shepes, cre scattored
throughout the formetion. Materials like thosc in tho lower 35 foot
arc prcsent os lenscs within the uvoper part. Cross=b:dding is more
common toward the top of the formotion but is nowhere -s common or
on as large o scale as in the unconformably overlying Hell Creck
formation. The only fossils arc a fow carbonized plant fragmonts

nzar the top of the formetion,



2. Woter Bearing cheracter. == A fow intermittent springs
igsuc from hillsides ncar the basc of the formetion. Accordingly,
wells sunk to this horizon should yicld woter, though no dato cre
available as to quantity. CQuality of water from this formotion s

reportedly good, (Perry, 1934, p. 6.)

. 3. Engincering considerctions. == The discontinuous mnsscs
of hard sondstone in the upper part rcequire tlasting for rcmovﬁl but
the rost of th> formation can be o xcavetod with power toolse Cuic
should stoand well, cven ot angles stocper thon 45 dogrees, unleer thoy
extend into the underlying Bearpeaw shele, In the latter carc 1o/
sliding may toke ploce. Subsurface draincge differs with tho degl 2o
of ccmentation, cnd perched wetcr tables coan be cipested cbove ledges.
Urnsurfoced roads arc passable during 211l normal wecother conditicuas,
The harder lodge rock mey be suiteble as o constructicn materiel,

but qunrrying on any but the smallcst scale weuld cntail considerable

SXPCNST.

Holl Creck formaticn (Khe).

1, Description, == The Hell Creck formation hos only o smell
arca of outerop, in the anrthecastern ccrner cf the qundrangle, whore
2ll but the besal 50 to 60 feet werce creded cway prioy to deuposiilicon
of the overlying Fleyville grovel. Thot part remeining ie grayish
rust brom modium-greined sandstence contoining conspicucus derk mincral

grains, It is discontinuosusly ccmonted to form ledges nnd concreueionei,

sandstonc meossos of log=like or sphoroidal fora.

.
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Included in the sandstonc arc lenscs of poorly consolidated
conglomerate, meny of them ot the channcled contact with the urderlying
Fox Hills sandstonc, The conglomerate pebbles cre mostly froeuonis «F
ccacretions, but of particuler impertance is the prescnce of ume
crous smocth, welleroundcd webbles and cobbles of light groy quarctzitc.
The coarscer groin size of the send and the conglomerate indfcatls o
nmerked shift in conditions of deposition folloving Fox Hills turmz,

Cross=bcdding is widely deoveloped, «nd cn o larger scale than
in the underlying formation.

Fregments of dinosaur bene and weod arc common, somc boing

incorporated in the conglemerate lonscs,

2. Water=bocring choracter. -— No ground woter data ore
aveilable concerning the formation in the quedrangle, The formaticn
viclds some watecr in ncarby crcos but within the quadranglc the over-

lying and underlying formaticns crc probably morc satisfactory sources.

3. Enginccering considerations. -- Enginccring charcctoristics
of the Hell Crecok formotion nre cssontially similrr to thoso of the Fox
Hills scndstone. However, the coarscr grain sizc of the sand in the
Hell Creck formation probeobly produccs highor pormecpility, hence bettio:

subsurface drainagc.
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SURFICIAL DEPOSITS
Pre~Cory (?) formotions
The subdivision into two formotions of the gravels thot form
this group of decposits is bascd cntirely on age differcences, Ther:
is no apparont distinction in lithelogy cor method of depesition,

-

Since identificble fossils arc comparatively rorc, age differencos

-

cre deduced from elovoticn ebove sca level ond from gradicnts cf the
crosion surfeccs on vhich the gravels lic, Detailed work in this and
surrounding orccs shows the dividing linc botween the formetions, buosed
cnly on clevoticns and gradicnts, to be somowhat arbitrary, onc mcre

precise formoticnel definiticon muegt await further foegsil discovoericos.

Flaxville gravel. (Tfg)

1. Desecription, == The Flaxville grovel is ot the surfeace
in small arces in tho northern part of the quadrnanglc, capping romnonts
of cld plateou surfaces. The cvercge thickness is cbout 20 feet, It
mey also underlic ground moraiiic in other small orcas in the north=
westorn pert. The plateau surfoces range in elovati(nhfrom scmowhat
morc than 2,600 feot tc ~bout 2,700 feet above sca level and slope to
the eouthcast and south., Frognents of nmemmal bones found in the geravel
north and ncorthcast of the cuadranglo arc of late Miccone or carly
Pliocene cge. (Collicr ond Thom, 1918, p. 131.) The pobbles in the
gravoel arc composcd predominently of very fino~ to ncdlium—grainoed
quortzits. Avercge pebble size is 14 and 3 inches, thougih the ronge
is from & fraction of an inch tc cbout 7 incihne in diaemcter. The

pebbles arc smocth and well-rounded, and arc voricus shindes of brour,
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grecn, gray, and rcd-brown, Light groy pcbbles such as thosc ot

and ncar the basc of the Hell Creck formation are rarc if presont ot o
2lls A smell number of pebbles ore cryptocrystalline silica, tinguatue
porphyry, and scft sandsionc %4 siltstonc derived from the locel
bedrock, The grevel 1s sandy ond includes sand, silt, and clay es

thin lcnscs. In o fow places it is discontinucusly comented %o

conglomeratc.

2. Weter-bearing choracter. == ihere Flaxville gravel covers
lorge arcas it is o good source of shallow ground woter, thovgh caontity

mey diminish during coxtended pericds of drought.

3., Enginccering considereotions., =-- The formoation is a sonrce
of sand and grovel, most of it unccmentod cnd casily cucnvetod.
Crushing is ncccssery when enguler metericl is desired, Chenicelly
rocctive material probably nowhere cxecods 1 to 13 percent. Isolated
patches of drift and of ccolion (?) silt mantlc the formation in places

so that deteiled prospecting is nccossary to asscss coverburden,

Wiota gravels, (Qu)

1., Description, == The formation is discoriinucusly pr:e.cnu
heneath the drift over many perts of the quodranglce north of Missouri
River. It floors buricd strecan ccurscs and nentles buricd crosion
surfaces which slope towards the Missouri-Rivar or bordcr it cn the

north,
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The litholegy is like that of the Flaxville gravel but thickness
is generally less, commonly between O and 15 feet. Howcver, cnce dif-
ference is that the lowest lovel (ycungest) of the Wiote wovels contain
o few glacicl crratics, prohably represcnting drift of en ico shect

that did not cdvance this for south., The gravel is uncementod. The

tooth of o nomncth (Mommuthus primiscniue) shows thot the lowest Jevel

grovels arce of Wisconsin, probably latc Wisconsin cge,

2. Wotcr=bearing character., == The fornation is o source
of shallow grcund weatcer, but the discentinuous develepment of the
fornation makes prospecting difficult, The guantity of water
aveilable is small ond differs markedly from placc to placce, Pro-
longod periods of drought would probrbly reducc and, locally colininote

watcr supplics,

3. Ingincoring considerations, == The cverburden of drift
limits oxpleitation of the sand ond groavel, The few small pits which
heve been opened arce in the scuthwestorn part of th: quadrengle.
Probobly of most significonce is the high perneability of the formation,
cousing scricus scopege losscs from uwnprotected watcr-rctaining struc=

turcs thot interscet it.

Unstratificd Glacial deposits

Ground Morainc (Qgn).

1. Descrintion.=- Ground ncraine forms the surfoce over
ruch of the quadrongle and underlics youuger deposits in othier lerge

13



arces. Its thicknoss is camonly 5 to 15 feet, but wherce it burics
parts of pre=Cory (?) velleys it is locally more than 40 fect taick
Scattered thin potchoes of grcund ncraine and other drift on the high
rcanants of Flaxville gravel arc not meppod. In the northern port f
the quadrangle some snell arcas have topography reminisceant cf ond
noraine, wherc the thickness oy be scveral tons of fooﬁ.

Almost 2ll of the ground meraince is till, the rumaindoriuoing'
videly scattered thin lenscs and irreguler ncsscs of sand, silt, cond
gravel intereelated in the till,

Till is & compact, unstrotificd nixturc of clay ond losscr
quantitics of silt, socnd, and stones cof voricus sizes ranging from
pehbles to boulders. The stenes arce of scveral kinds, An averoge
of seveoral pobble counts shows the following brecakdown: 55 percaent
derived from Flaxville and Wiota gravels, 26 percent crecn-colored
limestone and dolonite from Palcozoic formetions of Conada, 15 pcercent
gronitic and schistosc rocks freaa the Cancdion pro=~Cumbrion, and 3 per=
cent fron local bedrocks There arc scattered grains end snell lumps
of lignitc and reddéish-brown lincnitc, The till ig “ight to medium
brown with o ycllowish cast,

In the central pert of thoe quadrengle is a network of low,
roundcd ridges thet apparontly reflect a conjugate system of fragiurcs
formed in stagnant glacicr icc. The ridges arc of till, though crosion
by wind ond rain have cuascd leg concentretion of o fow inches of grave]
cn their crests, Leg couccatrates alsc montle nost other pesitive

irrcguleoritics of the ground nerainc curiacc,

1



Scil=forning processes have developed, fron the surface downwards,
the felleowing: a dark brown humus zonc 6 to 10 inches thick. a linc-
cniiched zonc about 2 feét thick, and a zonc 2 or merc fect thick
wacre gypsun grains hove formed singly or in small clusters. Oxidotion
has changed the color of the ground noraine from the origiral bluishe

l"Cly.

2. Watcr-bcaring character. -- The ground noraine is ncarly
impervious end yiclds ncgligible water, though sncll anounts erc
rocoverable from wells that fortuitously; interscet the intercal.tod

lenses of sand and gravel.

3. Engincering ccnsiderationse. == The ground morainc is very
conpact but is casily worked with power tools. It stoands well in cuts
as nuch cs 15 feet deep ot angles greator than 45 degrecs, Becausc
it is ncarly imperncable, scepage losscs from water-retaining structurcs
are negligible. Till is accordingly uscful for lining such structurcs
where built in pervious noateriels. Scepege ot the centeet of ground
roraince with underlying fornctions must be guerded cgeinst in most
places, When wet, uncurfacoed ronds cre slippoery and rut badly,

Strotificd

lacial doposits

feel

Supcrglacicl Fluvic=locustrine deposits (Qs).

1. Decseription. == In the southern pert of the quadrangle

s

supcrglacial fluvio-locustring depcsits form o pontly rollirg surfacc,

I

In the castecentral port they arc ccverad by younger doposils of



outwash gravel., Thicknesscs range fron a feather cdge to about 70
Teot (sce map scetion A-A'). The noterials differ in composition [roa
place te place but erc ncetly derk brown clay ond silty-cluy. Tie reo-

sl

neinder i1s a tan silt and vory fine send, genorelly prosent in the
niddle and lower parts. In o fow places the cntire thickness in cils
and sond,

Bedding ploncs crce comenly folded ond faulted and the suriace
of the ground merainc on which the depesits lic is narkedly irrequler,
Fer the nost part the clays hove messive structurc, but the silts ond

sands arc delicotely laminated and currcnt-bedded like thosc in

present=doy river alluviun,

2. Watcr=boaring cheractor, =— Littlc watcer can be recovoercl
fron these deposits, ~nd that only from the silts ond sands, The
complex structurc results in discontinuity of cguifcers, so thoat sub-
surfece circulation is inhibited., Bocausce of poor circulation the

water contains lorge cnounts of dissolved solids,.

3. ZIEngincoering considerctions, == All bus nhe ncar-surface
natericls arc conpact cr seni-consolidated so thot power tools arc nec-~
cssary for oxcoveting, Cuts leoss than 20 te 30 feot decep stond well
ot 30 degree cngles unless considerable eilt and fine sond is encounte. oo,
in vhich cas: slunping moy be initiated in the docper cuts. Shallow cuts
stand ot neor vertical angles. Subsurfacce draincpe is poor, Surfoce
drainage is well intepratced cxeopt for o feu snell arcacn., When wot,

unsurfaced roads arc slippery and rut b Giy.
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Pittod outwesh gravel (Qpo).

1. Description.--.In thc cast-centrcl part of the quadraigle

Il

s cn arce of glacial gravels having cn uncven surface marked by o
nunber of undrained deprcgsicns, Loccl relicef is cormonly 5 to 12

-

feot., The surfree cn which the grevels lic is in many places irocgulor.
The formation ig commonly 10 to 15 feot thick, but along the cazirn
nergin of outcrop it thins to o feather odge.

The gravel is sandy, having pcbbles thet range from one=holf to
/, inchcs in diameter. A lerge properdion of the pobbles arc identiccl
to thosc in the Flaxville eond Uicte gravels. Many others nrc lincston:,
declomite ond crystolline glecial crratics, ond o small number cre from
the locel bedrock., There arc o fow cloy-balls,

About 2 niles west of Frozer orc other smell arccs of dopesiis
having the sanc cheracteristics, though thesc depesits cre only 2 to
3 feet thick.

,

The pittod outwosh gravels were depesited by melt-woter that

flowcd ot least in part on stagnant gleacial ico.

2. Water=becaring cheracter, == The gravels arc pervious and
sc provide abundent rcscrvoir spacc, but incsmuch as the cotchnoent

arca is limited, only o smcll crount of water cenbe cxpocted.

2. Engincecring considercoticns, =- Large roscrves of gravel
estinated at 5,000,C00 culic yords, and heving negligible overburdon,
cre readily availeble. Claoybells ond rocctive cilics censtitute very

snall purcontagvs, but crushing night be necessary wicn anguisr notericld



is rcquirod. Inasmuch cs surfoce and subsurfoce draincge orc generally

good, oxploitation would not be hindered by cxcossive ground wexoc,

Qutwash grevel (Qo).

1. Dcscription. == In the northwest and southecct porie of
the quedrangle there ore depesits of outwash grovel 2 to 5 foot iiilk
flcoring flot-bottoned channcls thot werce creded by glocial meltiiciers.
Most of the greovel is sondy; sone is gilty ond cleyey. Pebblos ore
identical to thosc in the pitted outwesh grovels described cobove,

The chonnels werce croded in ground morcine and locally deepor,
into Bearpow shale., At the tine of deposition glecicl ice constibutod
perts of the channcl wells, Now that the ice hes melted chenncl eider

arc locally higher cn cne side than the other.

2. Wator=becaring choracter. =- Dissccetion causcd by poste—
depesitional crosion hos draincd the deposite and decinmated their

catchnont ercoas, so thot little or no weter is rotained in thone

3. Engincoring considerations, -= The gravel is cither too
thin or toc noorly sorted to be of cconormic value, ‘The high nermva-

bility of thce fornmation nust be consider:d vhen builliing waser-rovaining

structurcs.

13

2



Qutwash terrocc deposits (Qot)

1, Doscription, =— A number of torroce romnants nontload
with outwash depesits flank the alluvial botton land cf Littlc Porow-
pine Creck, and arc commonly scparated from the bottem land by seorps
5 tco 15 feet high, The deposits range in thickness from 3 to 10 foot
and rest cn eitiier ground moraine or Boorpow shele., Boecusc thic <llu=-
viun is 2lso terraced (sce below), and becausc the cutwash terronc
surfacces slope towerds the creck cg well as downstrean, height of
terrace surfoce depends on points of neasurcment., In no ploec arc
toerrece surfaces more than 20 fect above the bottomlond., Just north
ond northucst of Frazer o terroce remnent surfece grades inpereeptibly
into thet of the contiguous terrecce clluviunm.

The deposits are mostly gravel, in part poorly sorted and veiry

sandy. The remainder is silt and sand enclosing thin gravel lenses.

Pebble types arc the same as in the pitted outwash gravel,

2, Water=bearing character, --~ The deposits are similar to

outwash gravel in their water=bearing characteristics, except that

7

some water might be available in the larger terrace remnant near

Frarzer.

3. Engineering considerations, == Detailed prospccting
should show some of the deposits to be an economic source of sand and
gravel, Because of surface slope and high pormeability, drainage is

good. Unsurfaced roads are vassible in all weather.
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Post-glacial deposits

Alluvium (Qal) and Terrace Alluviun (Qalt).

1. Descritpion, - Alluvium covers the floors of river and
creekwlleys and is also spread over some other arcas as broad, move
or less coalcsced fans. Terrace alluvium is locally prescnt bordcring
the Missouri River floodplain and Little Porcupine Cregk velley., It
is separated from alluvium on o topogravhic basis because gencraily
there is no marked differcnce in composition,

The surfaces slope gently downstream, and arc ncarly fiat cxcont
wvhere interrupted by meander scars or low scarps bounding rcmnancs of
terrace alluvium., The alluvial fans have very subcducd topograph.c
cxpression and appcar nearly flat. They form an irrcgular outcrop
pattern in the south-contral part of the quadrengle, mostly betwecn
the CGreat Northern Railway and U. Se Highway 2.

Vallcy deposits of lerger strecams arce thicker than thosc of
smaller stroams. Missouri River alluviun is commonly 100 to 130 fect
thick, Little Porcupinc Gfook alluviun less than half as thick, and
the mapped alluvium and alluvial fens of lesser strowms 3 to probobly
20 foot thick., Alluvium less than 3 feet thick is not mapped,

The alluvium is clay, silt, sund, and grovel, of various brown
and gray colors. The ncer-surfacce matericls arc mostly clay, sild,

a
end sand, arreonged in horizontal, lenticulor beds/few inches to ~ fow
feet thick, Cross=bedding is common, Near the surfuce gravel and
coarsc sand arc present only in creck valleys and clluvial fans,
though only as small lcntils,; At depth coarser grajned scdiments,
sand and sandy gravel, form thin to thielr lonsos ana fairly contine
uous beds, In the river vellcy these cre generally scveral

feet beneath thoe surface, but clsewhere arc only 3 to 15 fec
20



Tho Sortce . olluviwt s Jocolly coczeoy bhen oty alluviuvn,
being medium~grained send and gravelly sond.

Terrace surfaces are 10 to 15 fect cbove the alluvium clong th:
Missouri River floodplein. The differcnce in clevation between che
alluvium and terrecce olluvium leegsens northward along Littic Pore: -
pinc Creck valley, and the two surfaces blend in the northoastern

nart of the quedrangle,

2, Woter-becring character. —- There is abundant shoallow
ground wetcer in the 2lluvium of Missouri Rivor and Little Porcupine
Creck velleys, but becausc subsurface circulation is low in the fiicr
grained material the water is high in dissolved solids, Potable wetos

ig restricted to the gravels and coarscr sands.

3. Enginccring considcrations, =- Alluvinm is readily worked
with power tools. The water table is gencrally & to 15 feet beneath
the surfece so that stability is poor ot and below such depths, but
shallower cuts arc stable ot ncar vertical angles. When wet some of
the unsurfaced roads arc impassable, Degree of boul surfeec and sub-
surfaco drainage differs morkedly from place to place, Loecally the

alluvium is a sourcc of sand cnd grovel.

41luviel=-Colluvicl deposits (Qoe)

1. Description. -- Rivulct action, slopewash, croep, ond
I 3 p 3 p,
slumping have combined tc ccuse accurulations of debris on nilleides

and the contiguous ports of velley flonre  Surfac: vprofilce ore

- smooth, concavc-upward curves, progrossively sicepor woslopo.

Py j=) o
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Upslope limits cre drawn where the deposits thin to cbout 3 fect,
downslope limits at the linc of blending with valley alluvium. DMexi=-

o

ndividuel deposits renge from 10 to 20 foot,

e

muw: thickncsscs of
Most deposits arc grayish brown, compect mixturcs of eilt, clay

cnd scattered thin lentils of sand and grevel, the cocrser fraciion

nore cbundant upslope, Loccl differcnces in source moterinls have

causcd voriations from this compositicn, some of the deposits being

clmest entirely clay.

2., Uotcor-becering choracteor, -- Tho deposits contain little

or no ground waoter.boecause of low percsity and permccbility.

3. Inginccring considerctions, = The deoposits arc workable

el
with power tools ond stand ot ncor verticel angles in cuts, Sub-

surfece draincge is very poor cnd though surfoce draincge is good

o

there aro concontrations of olkeli salts at ond near the surfacce,

-

Unsurfrced rocds corrugate in dry weather and rut badly when wet,

Intormitiont Pond deposits (Qp) .

1., Description, == Interspourscd over the quadrangle cre a
lorge number of small undreined crces that contein shellow ponded
woeter during ports of wet yorrs. Thesc depressions have been

narticlly £illed with cleoy and lesscr cmounts of silt from surrcund-

<

ing slopcs, and arc bounded by sides 3 to 15 feet high that are abrupt

to indistinet, Reworking ond depesition by ponded waters hove
distributed the scediments in such o monnor thet the deprocsieons arc

now flat-floorcd. Tha deposits cre dark gray ncar the surfnce,
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grading to light brown ot depth, and range in thickncese from 3 to

probebly 10 foect,

2, Woter-bearing cheracter. «= The deposits contein Jitilc

or no ground water because of low porosity and nermecbility.

3

=

ngincering censideratione. == Unsurfocod rocds arce

impassable when wet.

SUMHARY O GEOLOGIC HISTRY

Crotacctus poriod.

4 thick scquence of clay and losscr cmounts of silt and scnd
accurulnted in e broad shallovw sce which occupizd this part of the
continental intericr cduring much of the Crctaccous period, Concurrently

N

intermittent eutbursits of volcanic cctivity in aajocent regions spread
thin layers of volccnic ash over thousands of squarc mileg in this
arca, Tho ash wis subscquently alterced to bentoritce, The nome
Becroow sha’lc is usced to designete the last off the fermetions deposited
in this scn, The overlying Fox Hills sandstonc resuvlicd from strand
linc depesition during the withdrowal of this sca to thic cast. L
perioc of cresicn folloucd, which removed locelly diffcoring thicknosscs
on
of Fox Hills sandstonc unq4tho resulting uncveon surfece o scquonce of
scdinents, the Hell Crock fermoticn, wae depocited vnder merkedly
chenged conditions. Continentcl cdepositioun of these strote is attested

by flucicl and acclian croge-bodiing, rolative coarsciaess of sodiments,

and the provalence of fossil weod and dinoscur bene frogmonts,
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"

Torbiary pericd. =-

Fresh woter sediments (Fort Union formation) continwcd to
accumulate during the F@leoccne cpoch, Conditions then chang», ond
thick scquoncos cf scdimonts accumulated succssively farther oo Jo
coste

The Fort Union formation hes beoen croded from the quadraagls,
but is prosent in crcas a short disteuce to the norti, cast, ord couth,
(Collicr, 1918, Collicr ond Kncchtel, 1939, Swmith, 1910.)

The leter port of the Tertiary wes onc of alternate plenction
and downcutting, probably accompanicd by intermittent erustel uplift.
During this timc the general feeturcs of the modern terroin bogan
to be developeds The ancestrel Missouri River was ovideﬁtly cstob-
lished cduriag this time for the cldest plateou surface present sloous
towcrd the modern rivor, This platcou surfoce is conped by the Miocen:
or Plioccie Flaxville gravel, its remnants within the quadrongle

ronging in clevation from 2,600 to 2,700 fout above sca lovel,

Quateraory poriods = Intocrmittont periods of dowmcutting and

plencsion continuod, and o scrics of crosion surfoces discontinuously
noantled with Wiota grovels wes developed, Eeoh surface is vertically
separcted from the proccding by but o fow feot, and ~cch covers hut «

small oreo as comperced with the Miccene=Pliocenc picin,
The time boundeory betwean the Terticry ond fQuatoracry periods hos

not been leerted, cnd the depor ilion of the oldest of the Vi o growls

mey well hove occurrced in Tortiory time,

Rh
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thono procssses eonb i ued oo odewcd s Crning el of Y cvotorrary
period, and by the time the first contincntal gleoior arrived, the
bodrock floor of Missouri River wes ot ¢ position now cbout 2,070

foot above sca level, which is epproximatoly the lovel of the vaver
toaay.

There arc indicntions that o glacicr advanced into this genow i
crea prior to glaciation of the quadrengle itsclf, bocausc a for
pebtles of Conadian provenance arce locelly present in the Uiola
gravels, A fossil marmoth tooth (ligmmuibus primigenius) was found
in gravels undorlying the drift of the glacier that covercd the
quadrangle. This fossil shows the drift to be of Wisconsin, ond
probably of late Wisconsin, age. Judging from the amount of post=
glocinl crosion, this drift is thought to be older then Mamkoto and «
is provisionally assigned 4o the Cory substage.

Colten (1951)has found large arcas of the higher portions of the
Floxvills Plain, north and northeast of the quedrangle, to bo free of
drift. This indicates that the Cary (?) glecicr odvonecd os o number
of lobes flowing betwoen and around the higher platecu remncnts €o
conlesce southwerd in the river valley. The ice sprecd beyond to
the south whorever the barricr formed by the south velley wall had
been sufficicntly rcducced by tributary crosion.

Deglaciction procceded in an unusual menner, Izc had beon thin
at the gites of the higher hills cnd platecu remncnts g thot nunctoks
formed and cnlerged north of stognent ice occupying the valley. Jco

4

uorginel meltwator channols bordered the nuncieks, droincge cccordingly

being normel in nany places to the slose of the sub-ice land surficoe
Moltwaters carricd little outwnsh for outwosh is surprisingly thin ond

scattered.
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Lis meltwoeter volume decrcasced, or os the peck of scdiment load

.,

was apprcached, dogrndotion of vnlloys ccascd cnd aggradation boron.

)

sgegradation in Missouri River valley controlled that in Litgic o

capine Crock velley, ond prececded until floodploin lovel in the =rc:
valley was scvoral feet higher thon ot present, The aggradoadical
cffoet of this rising £ill was propogeted up Little Porcuni:u.
valley, boing most pronounced in the dovmstrerm poriion, Tho T..outor
aggraded se as to partially bury the cutwoesh terrcec remnant oo
Frezer,.

The most rceent cvent in drainage history was o furthor peraed

of degrodation, lecaving os terroces remnents some ol the older

alluviun,

SUMMARY OF NATUR L R:iSOURCLES
Watcr

Lrtesion water.= The Judith River formotion (Unper Crotaccous)

underlics the Beoarpow shale at o depth of cbout 700 feot beineath tae
river bottem, and is proportionctoly docper bencath the uplands, Wnter
in this formeticn is uvnder artesicon prossurce (Perry, 1934), and flows

ot the surface from o well ncar Prezer. It is highls miinorelizod

ond not genorelly poteble

ct

Y\
-

he Tlase-

e

Shollow Greund Wetor. =— The bost qualidy wate is

O

ville and Wicta grovels ond in the grovel and cocrse sand of th
clluvium, Lerge queoatitics cro limited to the alluvium of Missovrl
Mver ond Littls Porcupine Creoi wallcys, tacugh como of tlile i

e

highly ninerclized. lioroe detelled stotoncnls ore given 70 L

deseripticns of individucl formeticns.,
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N

s wosting procoded, yot prior to discppearconce of stognent ice
from the mojor valloys, these valloys ageln came into usce os trunk
draincgeweys. Trregularitics in the ice surface, coupled uith: 1ow
velume of flow, cvidently resulted in sluggish streoms and shiftiny
ponded bodics of weter, cs indicated by the fect that the carlioei
superglocial dopesits arce fine grained fluvial and locustrine dojpusites.

T':e ground morainc curfac: onte which tho superglrcicl fivswe-
lecustrine deposits wore finolly lowsred is morked in pleces by o nete-
work of ill ridges, cpparcntly roflectirg o cinjugetc systom of
frocturcs formed in stognant icce Smell volume of meltweter during
shrinkoge is indicnted by an alncst complcete lack of watcre—sorted debric
in tho ridges. The fracturces arc thougint to be duc te crustal move-
ment that cecurrced intermittently throughout the geolegically rocons
post, as witnessed by numerous structurcl ond geomorphic fecturcs
in this port of the stote. Loerlly the fracturce paticrn eppoars to
have beon influcnced b flow lincs in tho icc.

With further ice shrinkege meltwntor draincge boecame bottor
integratod and weter spilled in largor veolume down Little Porcupine
Crock velley and cncostrol Bast Fork of Cherlay Creck, in pert oa
stognent ice, in pert tronching ground moreine, Varicus chenncel sege
nents,; mony contelning no deposits, rocord succossiv: stogns of ice
shrinkege., The lost of the neliwater, which flowed ~ftor icc hed
discppeared from thce gquadrenglo, cut tre inncr valloy of Littlc
Pcrcupine Creck and, incideatel te this downcutting, loft remnonts
of outwcsh terrace ceposiis clong the sides.

Downcutting procoded vntil Misgourl River valicy we™ si1.o L0
feet deepor then ot present. Prosumably the bedrock floor off DLittle

Porcupine Creck volley is groded to thet of isissouri niver,
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. Construction nmatcricls

Sand_ond provel, == Lorge scale cxploitation of soend and gravel

n creas of pitted outwash grevel., Progressively l.ooor

e

iz foasible
cuentitics are availeble in the Flexville gravel, outwash terracze de-
posits, Viote gravels, outwesh gravel, ard Little Porcupine Creclt
valley alluvium, Ixcept for the pitted cutwash grovels, ail ar»
coveraed with different thickncsscs of overburden, nccessitoting

v detailed prospecting, Further informeticn is given in the descripticn-

of individual formations,

Othor. =- Till from the ground morcainc is suitcble for imporviou-
i1l or fer lining watcr-rctaining structurcs built in pervious
ncterials, Exploitation of the bentonite in the Ecarpaw shale is aot
econanically feasible ot prosent. Therce arc no commorcial gquantitics

- of riprap within the cuadrangle. Poarts of the terrace alluvium and

cutwosh terroce deposits arc probobly suitnble for highway sub-basc

constructicn,
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