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The modern, uncrowded highways of North
Dakola cary vou through a fertile, unspoiled land
that lies beneath a broad, clear skv. We hope lo
decpen your perspective of our state by inereasing
your awareness of how the landscape along Interstate
Highway 91 formed. Perhaps, by calling to your
attention some ol the geologic features dong the
highway, we can add to the enjoyment o) your trp.
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The Nat. colorful lasers of sand and silt that you see in the badlands consist of
materials that accnmdated on vver loodplaing and near the shares of shallow
Lakes and was The Bluek Lavers of fiznitic coal ongmated as (orests that gres
swanips 2long the streanis and nvar the lzke shoees In places, petafied «umps
and Jogs, renmpnts of these anaend torests e be soen loday. Some of the
borzontal bandmg w the sediments probably vepresents ancivnt woils that
avadually <k below sea tevel when the stream courses shitted. depositing more
~ediment over the surface.

Mileage
Several oil wells, such ws this one near Dickinsan, can be seen from 194 in
western: North Ddhots. Over 336 milhon harrels of oil have so far been
prodoced, and anothee 670 malhion barreis of recoverable crode ol reserves
remam m the ground.
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Whal was ance o dhfficult Jourmes on horsebiack is now an enjoyable. scenie ride
on North Dukota’s wodern Interstate lhghway 94, The term “badlands™ was

meanmg literally “had terrain.'

devived from the Trench termn “mauvars terres’
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Sentinel Butte, Tles swnmit o) Seatmel Bulle 1 about 4 wles south o1 the
town of Sentmel Butte, Ahout 2 miles south of 1own take the left tok n the
road. At the baw ol the bulte telt side o4 mwad) s an excellent exposure of
vivd red Cwora” (bahed efas) milerbedded with white lavens of adh. The
rochs on tap ol Senbnel Butle are bard, whote limy claystones, They were
deposited m Tresh-water lakes dwuy vud Torlary (ume about 20 million
vaus ago. Fosal hah have beew lound o top of the butte, bul they are <arce
today becaus the rodes have been ihoranghly picked over by collectors
\bundant chaleedony oveurs m the grave! near the radwo lower on lop of the
bulte.

Theodore Roawevelt Natwnal Memonal Park The traveles who has tune will
tmd it well worth his tone o vist the Theodore Roosesell Natanal Mernorial
Park where ome of (e mo weme badlands in the nied Stales can be
~seen. Badlands are loaned i @ semiarkd climale where occasonal heaw rans
conpled with o lack ol vegetaton caus rapil crosion of relatively soft
<odunents For example, soil steipped from hidls duvog the past 30 vearsor o
has Dlled ome of Mevalles s 1o Jepths of several tens of leel. Resstant layers
of harda sandstones or <cora (the red zones) cap many of the buttes The
black bands are hgnile coal North Dakota has an estimated 350 willion tony
of lignite, largest ceserve of ligmte m the world. The sediients that can be
<en from e overloak are mamly gray ssndsones of the Paleocene age
Sentinel Rutte Formahon, about 60 milbon years old. \ few miles 1o the
west, (he wdunenls ol e shghtly older Tangue River Formation are mane
yellow. Notice the many preresol petrified wood u the wall of the oserlook,
This petrified wood formed when stunips and logs were buned bencath wlts
and clays and the wood cells were replaced by muncrals. The trees that
forwmed Uie petrilied wood were very smular to the Sequoia trees found in
California today.

Lattle Massouri liven.

Burnug coal vens, Two burioig coal vens can be swn i the Medora area.
One 15 a lew mides north of 194 1 the South L mt of Theodore Roosvelt
Natwnal Memonal Pardk. The other i eleven miles south of Belfield on L. 8.
Uighway 85, then 24 miles west un gravel. As the lignite ven dowly burns,
the overlyng materiais shonp down and vollapse. Consderable heal and some
smoke are given off dunng the burnng process Lignite veins like these
burned duruy peelistone times, baking and fuang the overly g materials to
areddish brown color. The resulting matenal is locally ceferred to as “scoria,”
bul lrue scora is a volcani rock. Ligntte veins may be ignited by lightnmg or
prawe {wes and onee darled they burn for long penads of time if suffrcient
oxygen is available.

Fryburg Gil Field. Oil » bewg prodiced from rocks ol Pennsylvanian and
Ordowycan age (230 1o 500 millon years old) in the Fryburg Oil Field. The
wells in thi held are as much as 13,730 feet deep. North Dakota has more
than 1500 producing wells, several pipe lines, and the future is pronusing for
petrochemtcal industries
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Lrauurn Mine, no longer in operation. North 42 miles from Beliveld (Grassy
iltte oxit) and 1'2 miles west The hgnites m this part ot North Dakota
contan wranmum minerals. Lignile  was once nuned and bumed leavng a
wmuench ash that was forther pricessed elsewhere 1o extract the gramum

Didanson Ol Field. Oil i beng produced trom rocks of PennsyIvanian age
(about 250 milbon vears old) m the Dickmson Oil Ficld. The wells here are as
much ax 9100 feet deep.

In hhdknon, ax v many other Nocth Dakota communilres. industrs
closely tred to geology. kxamples m Dichinson are the Bison Clay Products
Company which uses claye of the Golden Valley Formation and the Husky
Dominiwon Company whih manutactures lignite bnquettes. Toues of these
two plants ran be arranged locally. \nother example of 4 gevlogy-related
mdustry 1= the brick plant at Hebron. Several tours are opevaled dasly at the
plant.

Glacal Boulders At the rest area 12 miles east of Glen Ullin, notiee the
boulders thal were gathered from neghboring (elds. They are rounded from
travcung insde the glacier from central Canada. They are “igneous™ (hery)
rochs because they were formed of hot nwlten material that cooled and
wldified insde the carth (just as lava cools and solidifies outside ol volcanoes
tuday).

Glacial Cowpared with Nonglacial Topography. Be sure to notice the change
from relalively snooth land cast of the Shissoun River 16 relatively more hilly
land west of the river. The nver marky the boundary between an arca that 15
pnmanly the result of action of the glaciers (easl of the river) and an area
that is of prezlaral aegm (wed of the nver). The hills to the west of the
glaciatexd arca are larger and commonly larther apart. Boulders that were
brought from Canada by the glaciers are present on both sides of the river and
although there are watlered arcas of glaciel deposits weat of the river, the
shape ol the hdls in the area s due entircly to the nonglacial hills that were in
cxstence before the glacrer vovered Lhenu

Amcrczn Osl Company Refinery. North of the hghway at the west edge of
Mandan, this one of the iwo refineries m North Dakota, (the other 1s at
Willidan) processes much of the il produced in the state. Tours are given
Monday thruuggh Friday from 10 wnld 2 Groups larger than 12 require
advance notice.

Muoun River Valley. The castbound traveler can stop at a rest arca just west
of Mandan and view the Missoun River valley 1 which the cities of Bigmarck
and Mandan are situated. This large valley was cut during the Jee Age when
the glacier dammed the many streams that Nowed northeastward af that tune
As a result. all the water in the streams. along with meltwater from the
glacier, was diverted swutheastward along the édgc of the glacier and the
valley was cut.
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Mchenzie Lake Plamn, The Oat area around Menoken and Mekenzie resulted
when water was dammed dhead of the wor when of stood o few miles cast of
Mehenac When the lake dramed. the alts and class that hod been deposted
on ats Moor were exposed. Lahe sediments commonly  cesult i dlal
topugraphy becanse the waterdam slts and claxs Gl i the vallevs that weie
present betore the lahe covered the arca.

Older Glacial Topography Compared with Yourger GClaaid Topogiaphy
Sterling warks the approxamate boundary between the older. mon: subdued
glacaal landscape 10 the west and the younger. more rugged glyewl land<cape
o e cagt, The mam reason for the difference mrebvl s that vronon has
heen zomg on for a longer perod 6l tune m the older srea, peobably about o
liondred thowsand years To the cad, where eroson has boen i progress only
aboul ten thousand sears the hills have not vet brn worn dow n appreciably

Iidder Sand Plain. The area for wveral nules wpund Tappen and Hawson s
flat m places, volling 1n others wrd everywhere surface by sand. The sand wus
deposited by streams thal {lawed on lop of glacal we wluch, when o
ceventually inelied. vesulled i collapse ol the overlving nsaterals Drammage s
very poor in the aea and waler flows only 1o the many potholes Somwe ol the
sroall Jakes that result are higher m dicsolved sohds, that 1 they are allic
(han the orcan. White areas of <alts such as sodiom sulphate can be «en on
many ot the lake bottoms when they are dey,

Dead-lee Morame. The arca from Crystal Springs to Cleveland o dead-ice o
re ol glacial debriv—and, slt,

“pothole” mocane that formel when thiel laye
clay, gravel, and bunlders=lying on top of the ice siumped down as the we
welted. Notice the large drpru‘mm.\ in the dead-wee moraine awh s (he one
i which the town of Medma is located V.arge depreasiuns sueh as this one
formed where large blocks of 1ce melted allow g the overlymg sediments o
collapse. In general. large dvpressions resulted where the we was thick, hills
where it was thin,

Ground Morame. The area shown n green on (he madlog s flat ground
morame (hat fonned beneath the moving glacier we. It i< surfaced mady by
till, o muxture of boulders, gravel and sand in a groundmass of it and clay.
The till 1s generalty quile fymu and compact because the ice pucked st as 1l
moved over it, The ground worawme s modified v places by meltwater
trenches such as the James and Shevenne Rivee valleys Between Tower City
and Jamestown there are mumnerous meltwaler trenches of all sizes thal cross
Interstate llighway 94.

James River Valley. The highway crosses the wouth-trendimg James River
valley at Jamestown. The James River flows w a large valley that was cot
during the fee Ape by glacal meltwater. When the water flowed al s
maximuny discharge, the valley was foll 1) both banks resulting an a nver as
targe as the present day lower Missssippt James Raiver at mile 260.




GLACIAL DEPOSITS

SAND PLAIN (NCTL 14).
LAKE PLAIN (ODOYR 12 AND 22)
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DEAL-CE MORAINE (NOTE 15)
GRAVEL HILLS AND RINGES (NOTF 19)
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3 PRIGLACIAL DEPOSITS
= 1 T} WITE RIVER FORMATION
z ) (LIMESTONE, CLAY, AND SANDSTONE)
- GOLDEN VALLEY FORMATION
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.
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= (LIGNITE, SANDS AND SHALES)
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TOVGUE RIVER FORMAYION
(LIGNITE, SANDS AND SHALFS)
CANNONBRALL FURMATION
(SANDSTONES, SILTSTONES AND SHALLS)
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271 Meftwater Irench. E = L (SANDSTONES AND MUDSTONEM
Y
> | =
273 Mellwater trench, 77 o
E — i 1 FOX HILLS FORMA TGN
{ TONFS  ANI Sy
2752 i Continental Diade, elevation 1490 dhove < lkevel The Contimental Dende = : ! ANDSTONES AND 4
lux hetween miles 275 and 276, The area cast of the dnsde i deained by the <
Red River of the Yorth 1o Hudwon Bav. West of the dde, dramage
wulhward to Me Gult of Mevco via the James amd Moo ur Rivers
278 Meltwater trench.
233 (U] Kamws Just wouth ol the road at mife 283 a lew mile<west ol Valley Gty ae
weveral hgh caneal hille kiown s hames They were formed when water
Howad mto kales near the odge of the zlacwer deposibing grasel and and.
W hen the we metled, (he sand and gexvel Juinped down 1o form the comeal
hills More kames lie g lew hundeed soards <oulh of 1he road at nale 285,
200 20 Sheyenne River Valley The highway crosss the Sheyenne Rover vallev at
(m Valiey Cily. This valley, bike the James Raves valley, was cot dunng the lee
295 Spe by a hge nver ol glacal meltwatee, Many valleys i North Dakola that
were cul by meltwater contiom only anall <trcanis taday that are lar too sl
to have cul such large valless
303 Meltwatin trenehs, : T T Ty —
307 Small kame north of hezhway. ——
409 Mellwater teeneh
3 Meltwater trench.
319 21 Beaches Tnothos mterval are severad beaches of the glacial Lake Agasas
10 Although they ace not vongxcuous irom the road. they can be observed us
325 stepdike nses toward the west. Yhey mark lormier diorebnes ol Lake Agas s
and extend worh-swoth bor several buadred ranles Like iodern beschas, (hey
ere composd mamby of sand and gravel Uist s wsal (hrowghout the Red
River valley.
325 22 \gasas Lake Plure The very flat land from Fago wet (o imle 325 s the lake
10 plam that vesulted when the glacal Lake Agassiz dramed (see note 12) Lahe
Red Agassie was named aller a Swiss sologid, Lows \gassiz, whose research
Riwer dunng the last century populanzed the dea of the o Ages

Ihe fertile farmlands of castern North Dakota formed when materials
teansported southward by the glacier settled out as the jee melted. This view
of the Landscape i Barnes County s ypread of ground moraine.




SURFACE (;E,OLU(.\ OF NORTH DAKOTA

The pre-Tee Age rock formations chat can be scen in western Norch Dakota consist maily of silevtenes and
sandstones ineerbedded wich layers of ligmee coal and reddish V'scona ™ Nonglacl sediments are desgnated on the
map by the hned arcas. Where the sedimenes are well wposed. as i the badlands near Medora, the lavering effect s
apparent, The pre-lee Age sedments were deposired by ancient rivers and streams flowmyg trom the Rucky
Mountams during the vouthtul stages o1 these mountams. Weathenng of those newly uphfted Rocky Mountams
prudu(ud sand and clay that was washed eastward onto the plavis. 1ot these sands and clave that we see today n
western North Dakota. At ome
converted to hgnite. Some of the +).as contam fosaals of such things as snwl and “lam <hells, perrtficd wood  and
reptile and mammal skeletans. Most of the sands and clavs exposed mwestern North Dakata were deposited abour
6> milhon years ago

while thic deposinon was going on. P““(‘ grew 1 swamps and were later

Later, when che arca dnm(d and was subgeer to crosion. the harder, more resistant sandstones docally
ramnamed s protecove caps of buttes that formed as the sofrer siles and clavs were croded away . Partly b Lduse
eroson s been gomyg on much Jonger n the unglaciaced wreas of wearern Narth Dakora than in glactated arcas

1 sedunenes are ditferent

of vastern North Dakota, and p.ml\' because the composition and quaby of nonglac
frmn the camposttion and quahty of glaaal scdimenes, the Jandse apes of weseern and cascern Norrh Didota diftes
markedlv. The Tolls m the m\qh(l.m_(l arcas are coteely the result of crosion of the sueroundiny lavers ot 5.nnls and
clays, wheseas the hills m the glaciared arcas are prunanly the resale of du m}mm ab saduments by ihe glaciers. in
sencraly the nomglacia) Wlly arc larger n..l farther apart than are thase m the '1 actaced arcas The v 1” vaoof the
nond.um ArCaS dAre INOre INIc, lr(l\ carved because they are the resole of small amoonee ot wato ceadmg the area

for manv milhons of years The a”g\\ uf the glactated arcas were cut by targe amounty ot warer lelm s wark

during and wince the lee Age, a shorter ume

All of North Dakota, vxeept For che southwest quareer. was covered by glaciers several mes durmg the fo
Age that ended about 10.000 ycars ago. When rhe d .(lgr‘ maved over the pre glacal surfuce they urrud with
them vast quantities of rock and sol thae they picked up and paleenzod meo 4 moistare known as ol Water flowing
from the ace deposited sand and gravdd 1yellow arcas on the map and carved large vallovs known as melow, wer
erenches, When dhie el finally smppuf moving. 1t melted and dropped e load of sedment [narcas shown as
dead-ice morame on che map thrown arcass, so much sedunent remamed on top of the we chae 1 nsulaced and
retarded the meltng of the tee for severa] thousand years, Whon the e finally did mele. the overlving matenals
slonmped and slid torming deep potholes and g(_lnr\”y wvery arrcgudar surface that has not changed much o the

presene day

In some areas (shown m greon on che map-. smaller wmounts of sedonent aceumalated on che surtace of the
glicier, .»lw\la lxr;u amounts of wedunent accumulated near the wdge o' and beneath the g In places, loose
scemimutations of rock debris piled ap e the (‘LiLL of the F«vu resulting moareas of espeaiall Willy land. Areas
«lw re the e deposiced sediment ar s base s w moved along are less Tullv, but sl rather rollmg. The oll i such

sas s generally hard and compact because 11 was packed by the ice that moved over 1t

Finallv. as the lee Age ended, large Jakes were dammed ahead of the mudung e becanse the preglacal
dramage roures. which had been northward, were soll Blocked by see. Large quant of sands, silrs, and clavs
were deposiced i these 1 by ehe many rivers that Howed mto them. The water eventually dramed ;»:n when the
sce melted farcher back. and broad. flac expanses of fake plams shown m blne on the map) were left. Largest of
these 1 the Agassiz lake plain m castern North Dahoza. Fussil buaches can be seen today along lu former
shorehnes of the lake.

Sand and gravel, along with ground water. are che me st importanc mineral resources assoctated with the glacal
sediments of North Dakota. Sma |]' amounts ot ceramic-guahity Javes nprap boulders and sodium sulphuare are also
taken from the glacial sediments. Mineral resonrces found i the nonglacial sediments mclude the Ilgll![k coaly and
assoctated uranmuny hagh grade days thae are used i che manofacrure of ceramics, lonardice, benronite. putash.
sale, perroleum. gas, and sulfur. Water s also caken from the nonglacsal sedimencs, but s commonly mincrahzed

and of poorer quality than thar tound i the glical sedimenrs,
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CALEXDAR OF THE EARTI'S HISTORY

W may beteer comprehend the imniensity of gealogic nme by changing ey
scae 5o as to brmg 1t wichn mencal grasp. The above diagram sepresents the S
bilhon years ¢
forms did not appear on the cardh unal late i May ot the wagmary year and.
unol someame m November. hife was still very priminive fone celled orgamsms,
etc.). Pramitive man arnved on carth in the mdse uf the Tee Age at about 1020
p.m. on December 31 Laf Ericsun discovered America at 10 sceonds betore
midmght on December 31

the ¢

arth’s histors comprossed o a smgle year Fhe carhose hite

The glacal seduments of North Dakota are all of Plostocene age late
December 313, and the nonglacial sediments at the sorbace m the western parc of
the state were depoated mnly during Cretaccous and Tertiary amc - late
Decemberl. At preacer depths are rocks of Paleozorw age tlate Nuvember and carly
Decembery, himestone and mudstone, from which ol and gas arc produced

FORMED IN NCRTH DAKCTA

THE A3E AT 00O PM

1. Norch Dakota just before the lce Age. The main drainage routes are shown on
this block diagram which also depicts the subsurface geologic formations. The
locations of the streams shown here are speculative, but they reflece our
knowledge that drainage was generally norcheastward. Most of the land surface
was probably relatively smooch, paraicularly i the eastern half of che state where
mudstones of Cretaceous age were cxposed (green arcas). Similar sediments also
covered the southwest corncr of the state. There may have been some badlands in
the western pare of the state where sands and sandstones of Tertiary age were
cxposcd (orange arcas). On the cxereme eastern edge of the state, some limestones
of Paleozoic age (blue areas) and some Precambrian granites (purple areas) were

L‘NPOSCd‘

3. The glacter had melted back to the positions shown on the above block diagram
by abour 12,000 years ago. As it mc{:ml buck 1t lefc from scveral tens ro several
hundreds of feet of gravel, silt, and dll lying on the older, nonglacial rock
formations. Water from the meltng ice continued to cut valleys such as che James
and Sheyenne valleys m the castern part of the state.




2. North Dakota duming the lce Age at a time after the glaciers had already
reached their maximum extent and begun to recede back into Canada. The brown
on the following two diagrams rcpresents areas that were covered by glacial
deposits. The glacier ice at this time covered the area shown and acted as a barrier
o the northeast-flowing streams, diverting them southeastward so that they
combined to form the Missouri River. Water from the mclting ice alsa contributed
to the nwver. It seems likely thac erosion had already done much of the work of
carving the rugged badlands along the Little Missouri River.

4. North Dakota at the end of the [cc Age. Most of the ice had melied from the
state although in some areas large amounts of ice insulated by overlying sedimencs
such as all and gravel still remained. When the insulated ice meleed, che overlying
macenals slumped and slid into very hummnocky topography. Wacer that was
dammed by che melting ice i che Red Raver valley and west of the Turtle
Mountams collected in large lakes (Lake Agassiz and Lake Souris). Afcer th
mehed further back, the lakes drained. Very heavy preaipitation conunued for
some time after the ice melted from the stace, and considerable erosion occurred
as many of che valleys were deepened.






