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ABSTRACT

The Sakakawea Sequence (Pleistocene) in North Dakota coﬁtains
six formations that make up the Coleharbor Group (Pleistocene). The
Braddock Foxmation (Wisconsiﬁan) is mainly glacial sediment. The Emmons
Formation (late Wisconsinan) is mainly glacial sediment. The Four Bears
Formation (Wisconsinan) is mainly either fluvial or lacustrine sediment,
The Coteau Formation (Holocene) is mostly fluvial, colluvial, or slough
sediment, The Denbigh Formation (Holocene) is mostly eolian sediment.
The Oahe Formation (late Wisconsinan and Holocene) is mostly eolién
sediment (loess). The Ozhe Formation is divided into three members:
the Mallard Island (late Wisconsinan), Aggie Brown (latest Wisconsinan
to earliest Holocene), and Riverdale (middle and late Holocene) Mem~
bers. During preglacial time major rivers flowed toward Hudson Bay.
With the initiation of glaciation, ice blocked the rivers and forced
them to flow southwaxd,

During the Pieistocens at least four ma jor glaciations occurred.
"The Dunn Glaciation was pre-Wisconsinan, the Verone Glaciation wasbpost"
Dunn and pre-Napoleon, the Napoleon Glaciation was early Wisconsinan (?),
and the Lostwood Glaciation was late Wisconsinan.

Three phases (Cattail Creek, Zeeland, and Long Lake) are recogQ
nized within the Lostwood Glaciation. The Catiail Creek was an sarly

advance of the Lostwood Glaciation. The Zeeland and Long Lake Phases




were later advances; they may have besen contemporaneous,
Numerous tundra polygons indicate permafrost conditions existed
at the beginning of the Lostwocd Glaciation. Polygons occur on all

but the youngest glacial surfaces (Zesland and Long Lake).

Lakes Standing Rock and McKenzie were formed when the iostwood
ice dammed the Missouri River. Lake McKenzie was formed when ice of
the Cattail Creek Phase blocked the flow of the Missouri River in the
Strasburg Channel. Lake Standing Rock proﬁably formed when lce blocked
the Missourl River in north-central South Dakota. |

In postglacial time, more defailed evidence allows reconstruction
of the history of hillslope stability, Variations in hillslope sta-
bility are largely controlled by vegetation and runoff, which are con~
trolled byvprecipitation and temperature. In cool, moist areas, like
North Dakota, stable conditions occur when the climate is cooler and
nmoister, Soil formation occurs during these times.

The Tollowing series of stable and unstable episodes are inter-
preted to have occurxe& in south-central North Dakota during late Wis~
consinan and Holocene time, The MeCarny Unstable Episode bsgan with the
deposition of the yellow loess of the Mallard Island Member of the Osahe
Formation and continued until after deglaciation when a spruce woodland
migrated into the arsa., The Leonard Stable Episode began about 12,000
to 11,500 B.P, with the Formation of a red bwown forest soil (Aggie
Brown Member of the Oahe Formation). This soil continued to form until
the .climate warmed slightly about 10,000 B.P., Spruce woodland was
replaced by prairie grass, and a prairie soll formed on top of the forest

soil, The Wolf Creek Unstable Episode began about 8500 B,P. when the

Xiv




climate warmed again. Tall~grass prairie was replaced by shori-grass
prairie and hillslope stabllity decreased., Deposition of the gray loess
of the Riverdale Member of the Oahe Formation began and continuéd for
about 4000 years, During this‘unstable time, barchans formed where
there was an adequats sand supply. The Thcmpson Stable Episode began
about 4500 B.,P. when the climate cooled., The Thompson Paleosol formed
during that time., The Garrison Unstable Episode began during the late
Holocene when the climate warmed again. Deposition of the gray loess
of the Riverdale Member of the Oahe Formation occurred again during
this time. The Julas Stable Episcde began when the climate cooled
again, Deposition of the Jules Paleosocl occurred during that time;

The cool climatic conditions continued until about 1929 when the "Dirty
Thirties™ Unstable Episode began. It lasted for about 10 years, after

which the Mandan Episode began.




GENERAL

Much of the surificial sgeology of North Dakota has been mapped
during the last fifteen years. In the eastern two-thirds of the state,
the surficial material is mostly of Pleistocene age. With the excep-
tion of the Coleharbor Formation (Bluemle, 19712), no formal lithostrat-
igraphic nomenclature exists in North Dakota for material of this age.
Even though the sames lithologic units are present at the surface in the
same stratigraphic position over much of the state, there has been no
real agreemenlt among maps done at different times becaunse there were no
formal lithostratigraphic units to standardize map units. HMeny of the
maps wera done by worksrs long since departed, so there was no chance
for communication among the different workers involved in méking the
maps, Many times lithostratigraphic units wers not used at all;’instead,
interpretive units were used, making the maps unusable for certain

PUTPOSES .

PURPOSE
The primary purposse of this report is to formalize lithostrati-
graphic units for Lthe Plelstocene of Horth Dakota and to test thesc
units by mapping the geology of Emmons County, using them.

Th2 secondary purpose of this report is to interpret the late

Cenozolc history of south-central North Dakcta, with emphasis on Bamons




N

County.

LOCATION OF WORK
Most of the field work for this report was done in Emmons County,
North Dakota, Emmons County contains about 1600 square miles (2650
square kilometers) in south-central North Dakota (Townships 129 to 136
North and Ranges 74 to 79 West). The county borders South Dakota,
McIntosh, Logan, Kidder, Burleigh, Grant, and Sioux Counties. Emmons
County lies on the southeastern flank of the Williston Basin (Figure 1),

an intracratonic, structural, and sedimentary basin.

SEQUENCE APPROACH

Stratigraphic geology began in Burope in the eighteenth century.
It was here that the relative time scale was established on the bhasis of
sedimentation breaks in the rock record. As the time scale was usaed in
North Amevica, it became evident that the stratigraphic breaks in Noxrth
America did not correspond to those of Burope. Major unconformities in
North America generally did noi occur at period boundaries; instead,
more than one system generally occurred between the unconformities. If
stratigraphic geology had begun in Horth America, these North American
ma jor unconformities would probably form the basis for the relative

time scale,

These groups of rock hounded by interregional unconformities
wave called'"sequences" by Sloss and others (1949). Sequences are
defined as major lithostratigraphic units of rank high than megagroup.

fach sequence contains rocks of diagnostic lithology or groups of

1lithologies and 1is bounded at the top and the bottom by a major intra-




Pig, l.~-Location of Emmons County (bla.ck area) within North
Dakota and the Williston Basin,
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cratonic unconformity, Sloss (1963) recognized six sequences bounded
by seven unconformitiss (the air-sediment interface being considered an
unconformity). Wheeler (1965) aefined two more seguences not recognized
by Sloss, Wheeler split Sloss® Tippecanoe Sequence into the Tutelo and
Creek Sequences, and he split the Kaskaskia Sequence into the Piankaska
and Tamaroa Sequences. While Sloss' breakout is generally accepted and -
will be used in this report, there is evidence that Wheeler's sequences
may have considerable validity, particularly the lower two, the Tutelo
and Creek 3sguencss, | |

The seguence approach is a useful outline for any regional strat-
igraphic discussion involving the cratonic interior of North America.
As the approach has become more widely known and its usefulness as a
guide for regional stratigraphy has been recognized, its acceptance has
begun to spread. An example of its increasingly widespread acceptance
is the use of the sequence approach in the latest edition of Geologic

Evoluticn of North America (Clark and Stearn, 1968)}. The reason for

using this approach is that it ties large groups of similar lithologies
together into more readily usable and practical, large, lithostrati~
graphic units., The sequence approach will form the stratigraphic basis
for this report. |

There are some problems invelved with the segquence approach,
particularly‘ih the way a sequence is defined., Sloss (1966) says that
it is implicit in the definition thét each seguence represents a major
cycle of marine transgression and regression. First, Article ke of’the
Code of Stratigraphic Nomenclature (American Commission on Stratigraphic

Nomenclature, 1961) says that inferred geoclogic history plays no part

in the definition of a lithostraiigraphic unit. Secondly, the first
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problem ignored, the Tejas (?) Sequence does not represent a major
cycle of marine transgression and regression on the craton, even though
it does at the type area in the Gulf Coast of Texas.

Two problems exist with the Tejas (?) Sequence definition: (1) a
major unconformity has been ignored and (2) fwc unrelated and con-
trasting lithologies cccur above and below the unconformity, For these
reasons the rocks of the Tejas (7) Sequence have been divided into two

sequences; the upper one 1s defined in this report as the Sakakawea

Sequence, while the lower one is retained at the Tejas (?) Sequence.




SUMMARY OF THE STRATIGRAPHY OF THE
PRE-SAKAKAWEA SEQUENCES

0il well records indicats that in Emmons County as much as 1880
meters of Phanerozoic sediment unconformity overlies the Precambrian
igneous and metamorphic complex.,

The stratigraphic column for Emmons County (Figure 2) and a sub-
surface cross ssction for Emmqﬂs County (Figure 3) serve as a guide for

the fpollowing discussion.

Precambrian rocks

Three holes have been drilled into Precambrian rocks in Emmouns
County (Appendix II), Depth to the Preéambrian in these holes ranges
from 1785 to 1685 meters. The Précambrian rocks in one hole (North
Dakota Geological Survey Well Number 23) ﬁave been identified as pink

granite (Towse and Anderson, 1954),

Sauk Seqguenrce

The Sauk Sequance (Figures 2 and 3) in Emmons County consists of
sandstone, shale, and limestone of the Dsadwood Férmation of Cambrian
and Ordovician age. It rests unconformably on the Precambrian complex
and is overlain unconTormably by the Tippecanoe Sequence., 01l well
records show the Deadwood Formation to be about 75 meters thick in cen-

tral Emmons County. On an isopach map of the Deadwood Formation of the

7




Fig. 2.~-Stratigraphic column for Emmons County, North Dakota.




AGE UNIT NAME ] DOMINATE LITHOLGGY
e e - A
Qahe Formation Coarse silt
" Denbigh Formation well sorted, medlium sand
Coteau Formation Organic, poorly sorted,
gravelly, sandy, clayey silt
Plelstocens Sakakawena Coleharbor | Four Bears Formation Non~organic sand and gravel
Sequance Group and silt and clay
Lmmons rormation Bouldery, pevbly, siightly
sandy, silty clay
Braddock Formation Bouldery, pebbly, sandy,
slity clay
FPlliocene Tejas 27 Flaxville Formation Gravel contalning cobbles of
Sequence argillite and porphyry
Paleocene Cannonball Formation Sandstone and shale
Hell Creek “ormation Sandstone, siltstones, lignlte
Fox Hills Formation Sandstone and shale
Z:,::;:na Pierre Formation Shale
Niobrara Formation Calcaresus shale
Carlile Formation Snale
g:é.ggado Greenhorn Formation Calcareous shale
Cretaceous Zunl Belle Fourche Wormation | Shale
Sequence Mowry Formation Shale
Dakota Newcastie Formation Sandsione
Group Skull Creek Formation Shale
Fall River rormation Sandstone and shale
Lakota Formation Sandstone and shale
Morrison Formatien Shale and clay
Jurassic Sundance rormation Shale and sapdstone
Piper Formation Shale and evaporite
Alaska Bench rormation Dolomite
Pennsylvanian | Absarcka Tyler Formation Sandstone and shale
Sequence Amsden Formation Limestone, shale, sandstone
Big Snowy Undifferentiated Limestone, shale, sandstone
Group
Mississippian Madison Formatlon Limestone and evaporite
Kaskaskla Birdtear Formation Limestone
Sequence Duperow Formation Dolomite and limestone
Devonian Souris River rormation Dolomite and limestone
Dawson Bay Formation Dolomite and limestone | .
Silurian Interlake Formatlion Dolomite '
Tippecanoe | Stonewall Formation ) Dolomlte and limestone
Sequence Stony Mountain Formation Linestone
Ordovician Aed Hiver Formation Limestone and doiomite
Winnipeg } Undifferentiated Sandstone, shale, siltstone
Gyoup
ambrian Sauk Deadwood Formation Sandstone, shale, limestone
Sequence

Precambrian

Grantte
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Fig. 3-~Bubsurface cross section across Emmons County,
Noxrth Dakota,
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Williston Basin, Carlson and Anderson (1946) indicate that the formation

is over 95 msters thick in the norihwestern part of the county and less

than 60 meters thick in the southeastern part of the county. At its
thickest point in the Williston Basin, the Sauk Sequence is thicker than

290 meters.

Tippecanoe Sequence

The Tippacanoce Sequence (Figurss 2 and 3) in Emmons County
includes rock of Middle Ordovician and Silurian age. The Winnipeg Group
is the lowest unit of the sequence, It consists mainly of sandstone,
siltatone, and shale.. The Winnipeg Group is about 75 meters thick in
northern Emmons County and thins to less than 60 meters in the sonthern
part of the county.

Th2 Winnipesg Group is overlalin by the Red River, Stony Mountain,
Stonewall, and Interlaks Formations. The predominant lithology of these
i units is limestone and dolomite. Red shales make up a minor part of the
section, The Red River Formation is about 150 meters thick in Emmons
County. The Stony Mountain Formation thins from 25 to 9 meters from
northuwestern to eastfoentral Emmons: County. The erosional limit of this
formation is in western Logan and Melntosh Countles. The Stonewall For-
mation is present only in the northwestern half of thé county. The
thickest section is about 9 meters. The Interlske Formation is present
only in the northwestern half of the ccunty. The thickest section of
Inteflake Formation in the county is probably about 9 msters.

The combined thicknessaes of these formations glve the Tippecanoe

Sequence -a total thickness of from 270 to 365 meters from southeastern
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to northwestern Emmons County, At its thickest point in the Williston
- Basin, the Tippecanoe Sequence is over 666 meters thick, The Tippe-

canoe Sequence is unconformably overlain by the Kaskaskia Sequence.

Kaskaskia Sequence

The Kaskaskia Sequence (Figures 2 and 3) includes rock of early
Devonian to late Mississippian age. Like the Tippecanoe Sequence, it
‘1s predominantly a limestone and carhonateisequence,'but shale and
evaporite commonly occur in the lower part of the Kaskaskia Sequence,
The lowest urit of the sequence in Emmons County is probably the Dawson
Bay Formation. O0il wells have not penetrated the unit in the county, |
but they have penetrated the unit in Burleigh County Just north of the
Emmons'County line. Lithologically, the Dawson Bay Foxrmation is mainly
limestone and dolomitic limestone. The thickness of the unit is not
known, but it is probably less than 12 méters,

The Souris River Formation rests on fhe Dawson Bay, Stonewall,
and Stony Mountain Formations in HEmmons County. The Souris River For-
mation consists of alternating limestone and shale beds., The unit thins
from over 30 meters in the northwestern corner of the county (Carlson
and Anderson, 1966) to about 10 meters in the east-central part of the
county and to 0 meters in the southeastern corner of the county.

The Duperow Formation rests on the Souris River Formation in
Emmens County, Like the Souris River Formation, it consists of alter-
hating limestone and shale beds, VThe thickness of the Duperow Forma-
tion in central Emmons dcunty is ahput 40 meters. Carlson and Anderson’
(1966) show the unit thinning to less than 30 meters in the southeastarn

paxt of the county and thickening to nearly 60 meters in the north-
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western part of the county.

The Birdbear Formation overlies the Duperow Formation in Emmons
County. The Birdbear Formation consists mainly éf limestone, It is g
to 10 meters thick in central Emmons County. This formation is probably
the uppermost Devonian unit in the county. 4n unconformity occurs at
the top of the Birdbear Formation, except possibly in the northwestern-~
most part of Bmmons County where it may be overlain by the Three Forks
Formation,

The Madison Formation, which overlies the Birdbear Formation,
makes up a major part of the Kaskaskia Sequence. The Madison Formation
is composed predominantly of limestone. The formation is between 230
and 255 meters thick in the central part of the county, and Carlson and
Anderson {1966) suggzest that it is greater than 335 meters thick in the
northwestern part of the county.

The Madison Formation is conformably overlain by the Big Snowy
Group in the northern half of the couniy and unconformably oveflain by
the Piper Formation (Jurassic) in the southern half of the county.

The Big Snowy Group is made up of three units, the Heath, Otter
and Kibby Pormations., These three units have not beeﬁ separated in this
report, Shale, sandstione, and limestone are the characteriétic lithol~
ogies of the group. The Big Snowy Group is about 45 metexrs thick in the
northern part of the county, This group is the uppermost unit of the
Mississippian System and the Kaskaskia Sequence., The unconformity that
narks the top of the Kaskaskia Sequence truncates the Big Snowy Group

and the Madison Formation,

The Xaskaskia Sequence in Emmons County has a total thickness
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ranging from about 120 meters in the southeastern corner of the county
- to greater than 455 meters in the northwestern part of the county (Carl-

son and Anderson, 1966).

Absarcka Seguence

The Absaroka Sequence (Figures 2 and 3) in Emmons County con-~
sists of rock of Pennsylvanian age. The units that make up the
Absaroka Sequence in Emmons County are the Tyler, Alaska Bench, and
Amsden Formations, Carlson and Anderson {1966) indicate that the
Absaroka Sequence is not present in the southeastern part of the county.

The Tyler Formation is the lowermost unit of the Absarcka
Sequence, It is composed mainly of sandstone and shale. The thick~-
ness of the Tyler Formation in Emmons County thins southeastward from
5 to 0 meters. The unit is underlain unconformably by the Madison and
Big Snowy Groups. |

The Alaska Bench Formation conformably overlies the Tyler For-
mation. The characteristic lithology of the Alaska Bench Formation is
dolomite. The thickest part of the unit in Emmons County is about 3
meters. Ziebarth (1972) places the erosional limit of the Alaska Bench
Formation in the eastern third of Emmons County.

The Amsden FormationAconformably overlies the Alaska Bench For-
mation in Emmons Couniy. The characteristic lithology of the Amsden
Formation is limestone, shale, and sandstone, The unit is about 7 to
10 mefers thick in north-central Emmons Caunty.and thins to 0 meters in.
southeastern Emmons County. An unconformity truncates the top of the

Ansden Formation.

The maximum thickness of the Absaroka Sequence in Emmons County
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is about 20 meters. In the middle of the Williston Basin, the sequence

- is thicker than 455 neters.

Zuni Seguence

The Zuni Sequence (Figures 2 and 3) in Emmons County includes
rock of the Middle Juxassic through Paleocene age., The lowest unit of
the Zuni Sequence is the Piper Formation, The characteristic lithology
of the formation is red shale and evaporite. The Piper Formation rests
unconformably on the Madison Formation, Big Snowy Group, and the
Absaroka Sequence. In Emmons County the Piper Formation is about 45
meters thick,

The Piper Formation is overlain by the Sundance Formation. This
unit consists mainly of siltstone and sandstone. The Sundance Formation
is about 65 meters thick in Emmons County.

The Morxison Formatiocn rests on the Sundance Formation, This
unit is characterized by shale and clay, In Emmons County the unit is
20 meters thick, The Morrison PFormation is thought to be the upper-most
Jurassic lithostratigraphic unit in Noxth Dakota. i

The Fall River-Lakota Interval overlies the Morrison Formation in
Emmons County. The §redominant lithology of this unit is sandstone, hut
the Fuson Formation (shale) can locally be recognized. Where present,
it separates the Fall River and Lakota Formations. These three units
(Fall River, Fuson, and Lakota Formations) are about 65 meters thick in
Emmoné County. |

The Skull Creek, Newcastle (Muddy), and Mowry Formations occur

above the Fall River Formation. Skull Creek and Mowry Formatlons are
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typically shale and the Newcastle Formétion is typically sandstone.
These three units have a3 combined thickmess of about 75 to 90 meters
in Emmons County. When combined with the ¥Fall River-Lakota Interval,
the unit is called the Dakota Group. The uppér three units are readily
separable, Wt the lower units are hard to separate.

The Colorado Group overlies the Dakota Group. The Belle Fourche,
Greenhorn, and Carlile Formations make up the Colorado Group. The
characteristic lithology of this group is gray shale. The Gréenhorn
Formation differs from the other two formations'by being more calcareous,
The combined thickness of the Colorado Group in Emmons Countj is between
545 and 575 meters. V

The Montana Group overlies the Colorado Group. The Niobrara,
Pierre, and Fox Hills Formations make up the Montana Group.

The characteristic lithology of the Niobraré Formation is cal-
careous shale, The unit is about 30 meters thick.

The Plerre Formation rests on the Niobrara Formation. The char-
acteristic lithology of the unit is gray shale, It also contains numer-
ous bentonite beds, The Pierre Formation in Emmons County is at least
335 meters thick. This unit is the lowest lithostratigraphic unit to
be recognized at the surface in Emmons County. It is exposed along
Beaver Creek in the centralqand western part of the county, along the
South Branch of Beaver Creek in the southeastérn part of the county,
along the South Dakota bcider in the southwestern part of the county,
and along the Missouri River (Oahe Reservoir)., The best exposure

occurs in Seemen Park near Linton where more than 30 meters of Pierre

Formation are exposed (Figure 4). The contact with the overlying Fox
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Fig. 4.--Exposure of the Pierre and Fox Hills Formations in :
Seemen Park, Linton, Emmons County, North Dakota, ;
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Hills Formation occurs near the top of fhe section. Plate 1 shows the
. surface distribution of Pisrre Formation in Emmons County,

. The Fox Hills Pormation conformably overlies the Pierre Forma-
tion in Emmons County. The characteristic lifholagy of this unit is
sandstone and shale. The total thickness of the Fox Hills Formation in
Emmons County is about 120 meters. The Fox Hills Formation occurs at
the surface over much of Emmons County. The best exposures of this
unit occur Just east of the Missouri River and on the tuttes northeast
of Lirton, Plate 1 shows the surface distribution of Fox Hills Forma=~
tion in Emmons County.

The Hell Creek Formation conformably overlies the Fox Hills For-
mation in Emmons County. The characteristic lithology of this forma-
tion is sandstone and mudstone. It also contains thin, discontinuous
lignite beds, The Hell Creek Formation is about 75 meters thick in
Emmons County. The best exposures occur on Coal Butte (sec. 32,

T.‘135 N., H. 78 W.‘and sec¢, 5, To 134 N., R. 78 W.) and in sections

18, 28, and 33, T. 136 N., R. 78 W, The Hell Creek Formation occurs at
the surface mainly in the northwestern quarter of the county. 4 few
scaﬁtered erosional remnants occur elsewhere in the county. Figure 5

is a picture of the Hell Creek Foxrmation in Emmons County. Plate 1
shows the surface distriution of .Hell Creek Formation in Emmons County.

The Canmonball Formation is the uppermost unit of the Zuni
Sequence in EZmmons County. The characteristic lithology of the Cannon~
ball Formation is sandsione and shale. The contact with the under-

lying Hell Creek Formation was not seen, tut the unit is thought to be

at least 15 meters thick in Emmons County. The unit occurs on a few
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Fig. 5.--Exposures of Hell Creek Formation in sec. 33,
T. 135 N., R. 78 W., Emmons County, North Dakota.
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~ butte tops in the northwestern part of the county. The best exposure

occurs at the top of the butte in sec. 28, T. 136 N., R, 78 W. Plate 1

shows the distribution of the Cannonball Formation in Emmons County.

Tejas (?) Sequence

Although the Tejas (?) Sequence is considered to be present in
the midcontinent area on the craton, its type area is south of the cra-
ton in the Texas Gulf Coast.

The Tejas (?) Sequence, as originally defined by Sloss (1963),
included all the rock-stratigraphy on the craton above the Zuni Sequencs.,
However, two very different lithologlic types are present within this
body of material, The lithology of the lower part of the sesquence con~'b
sists mainly of gravel, sand, and silt, whereas the lithology of the
upper part of the sequence consists mainly of massive, bouldery, cob~
bly, pebbly, sandy, silty clay (glacial Sediment). Typical of the lower
part of the seguence in central North Americd are the White River,
Ogallalla, Wiota, Arikaree, and Flaxville Formations. Typical of the
upper part of the sequence are the Wedron (Willman and Frye, 19?0),
Battleford and Floral Formations (Christiansem, 1967 and 1968), Coleharbor
Formation (Bluemle, 1§7ia), and the Sutherlund Group (Christiansen,
1968). Even though gravel occurs in the upper part of the sequence, it
is different from the gravel found in the lower part of the seguence,

For example, gravel of the Flaxville, White River; and Wiota Formations
is rich in porphyry, argillite, and guartzite pebbles and cobhles, Grav-
el in the upper part of the sequence contains mostly pebbles and cobbles

of granite, basalt, and carbonate from the Canadian Shield. An
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interregional unconformity occurs between these different lithologies.

“In North Qakota this unconformity can be seen in sec. 28, T. 152 N.,
R. 102 W,, McKenzie County, North Dakota.

Because the sequences are defined on the basis of (1) inter-
regional unconformities and (2) the lithologic coherence of the unit,
it seems logical to redefine the Tejas (?) Sequence to exclude the pre-
dominantly massive, bouldery, cobbly, pebbly, sandy, silty clay units
that occur in the upper part of the Tejas (7) Sequence above the uncon-

? ' formity.

Redefinition of the Tejas (?) Sequence

It is recommended that the Tejas (?) Sequence be redefined to
include the cratonic seguence that rests oh the unconformity cut on the
Zuni and older sequences and underlies the interregional unconformity at
the base of the Sakakawsa Sequence as proposed and defined in this
“report. The characteristic lithology of the Tejas (?) Sequence is gen~
erally poorly consolidated sand, silt, and clay and gravel composed
mainly of cobbles and pebbles of porthry, arglllite, and quartzite. The
Te jas (?) Sequence does not include the massive, bouldery, cobbly, peb-
bly, sandy, silty clay that is characteristic’of the Sakakawea Sequence,

The typs area of the Tejas (?) Sequence will remain the same.
: Sloss (1963) designated the type area of the Tejas (?) Sequence to be
Texas (ths American spelling of the Mexican word for the same area,
Tejaé) wnere there is a thick seétion of the Tejas lithology filling the

Gulf Coast Basin., The Tejas (?) Sequence is composed of strata ranging

in age from late Bocene to late Cenozoic, probably late Pliocene.
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Stratigraphy of the Tejas (7) Séquence

The Flaxville Formation, thought to be late Pliocene to pos-
© sibly early Pleistocene in age, is the only unit possibly belonging to
the Tejas (?) Sequence in Emmons County. Litholégies typical of the
Flaxville Formation (gravel composed of quartzite, argillite, and por-
phyry cobbles and pebbles) are found at thé bottom of deep channels cut
into the bedrock in Emmons County. The locations of drill holes where
gravel similar to that of the Flaxville Formation is known to be pres-—
ent are shown in Figure 6, Even though its source is té the southwest,
this gravel is commonly called "western gravel' to distinguish it from
gravel of glacial origin. The thickness of the Flaxville Formation in
Emmons County is unknown, but it is probably no more than a few méters.
In Emmons County the Flax;ille Formation probably everywhere rests

unconformably on the Plerre Formation,

STRATIGRAPHY OF THE SAKAKAWEA SEQUENCE

Definition of the 3akakawea Segquence

Name

Sakakawea Sequence, new name

Source of the name
The Sakakawea Sequence is named for Lake Sakekawea (Garrison

Reservoir), North Dakota,

Definition abstract
The Sakakawea Sequence is the major lithostratigraphic unit that

rests on the interregional unconformity cut on the Téjas (?) Sequence
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Fig. 6.--Locations of test holes in Emmons County, North Dakota,

where Flaxville Formation type gravels have been found. Numbers are ‘
§

United States Geological Survey Test Holes.
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and older sequences, It is characterizéd by massive, bouldery, cobbly,
. pebbly, sandy, silty ciay containing pebbles and cobbles derived from
the Canédian Shield; it also contalns mixtures of gravel, sand, silt,
clay, and some organics that are interbedded or overlie the bouldery,

cobbly, pebbly, sandy, silty clay.

Type section
The type section is in the bluffs along Lake Sakakawea. It is
located in the NWi sec. 22, T. 147 N., R. &4 W., McLean County, North

Dakota.

Description of the unit

At the type section, the Sakakawea Se@uenoe in ascending 6rder
is as follows: (1) 4.5 meters covered; (2) 8.5 meters of gray to olive
brown, slightly pebbly, sandy, silty clay, blocky and jointed with
stain along the joiﬁts; (3) 3.5 meters of brown to gray, pebbly, slightly
sandy, silty clay in subspherical to angular blocks; (4) 1.25 meters of
gravel composed mainly of granite, basalt, and carbonate‘pebbles and
cobbles; (5) 1.25 meters of gray, slightly pebbly, sandy, slightly
silty clay containing no structure; (6) 6.6 meters of‘gray, slightly
pebbly, sandy, silty clay, mostly massive but copﬁains numerous vertl-
cal Joints in the lower part of the unit with secondary carbonate and
stain along the joints; (7) 1 meter of yellow to yellow hrown, sandy
silt; (8) 15 centimeters of dark brown to red brown, organic silt; (9)
1.7 meters of gray silt with a dark brown organic accumulation in the

upper 15 centimeters; and (10) 1 meter of dark gray silt with a black
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organic accumulation in the upper 20 centimeters, See Appendix III for
textural, carbonate, and dolomite analyses for the section. Data for
the description of this ssction was supplied by S. R, Moran, North
Dakota Geological Survey.

Figure 7 is a picture of the Sakakawea Sequence type section.

Nature of the contacts

The upper contact of the Sakakawea Sequence is the sediment~-air
interface., The Sakakawea Sequence rests unconfbrmdbly on clder units,
Near the type section the contact of the Sakakawea Sequence with the
Sentinel Bufte Formation can be seen. It occurs where the gray to gray-
ish brown sand and silt of the Sentinel Butte Formation is replaced by
the overlying massive, bouldery, cobbly, pebbly, sandy, silty clay of
the Sakakawea Sequence, In sec, 22, T. 152 N,, R. 102 W, in McKenzie
County, North Dakota, the contact of the Sakakawea Sequence with the
Tejas (?) Sequence can be seen (Figure 8). .The contact is unconform=-
able and occurs where the gravel éomposed of argillite, quartzite, and
porphyry cobbles and pebbles of the Tejas (?) Seguence is replaced by
the bouldery, cobbly, pebbly, sandy, silty clay of the Sakakawea

Sequence,

Regional stratigraphy, distfibution, and thickness

Figure 9 shows ﬁhe'distribution of continuous Sakakawea Segquence
where it is more than a few meters thick. The thickness of the Sakakawea
Sequences ranges widely. In Illinois it 1s known to be as thick as
125 meters, but probably averages 35 to 50 meters (Piskin and Bergstrom,

1967). In Saskatchewan the thickness is known to be at least 310 meters
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Fig. 7.--Picture of Sakakawea Sequence type section on Lake
Sakakawea, McLean County, North Dakota. The contact with the Sentinel
Butte Formation occurs at the base of the section,
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Fig, 8,~-Picture showing the contact of the Tejas (?) Sequence
(Flaxville Formation) with the overlying Sakakawea Sequence (Braddock
Formation of the Coleharbor Group) in sec. 28, T. 152 N., R. 102 W.,,
MecKenzie County, North Dakota.
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Fig. 9.--Distribution of continuous Sakakawea Sequence more
than a few meters thick,
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in one area, but probably averages 60 to 90 meters (Moran, 1972). In

‘North Dakota it is known to be at least 180 meters in a few areas, wut

probably averages 35 to 50 meters (Bluemle, iQ?lb). The formations of
the Coleharbor Group make up most, if not all, of the Sakakawea Sequence
in North Dakota. 1In Saskatchewan the Sutherlund and Saskatoon Groups

(Christiansen, 1967 and 1968) make up most of the Sakakawea Sequence.

Origin
The Sakakawea Sequence is predominantly of glacial origin.
Fluvial, lacustirine, and eolian sediments make up a minor part of the

sequence,

Age
The Sakakawea Sequence is late Cenozoic, probably largely Pleis-

tocene in age.

Redefinition of the Coleharbor Formation

In North Dakota the Coleharbor Formation and the Walsh Formatlon
make up what has been defined in this report as the Sakakawea Seguence,
The Coleharbor Formation was defined (Bluemle, 1971a) as the litho-
stratigraphic unit that includes all the bouldery, cobbly, pebbly, sandy,
silty clay, sand and gravel, and silt and clay at the type section and
comparable sections. Bluemle (197la, p. 21) also irndicated that the
formation should be restricted to bouldery, cobbly, pebbly, sandy,
silty élay containing mainly montmorillonite clay., Moran and Clayton
(1972) have modified this aspect of the definition, They substituted

"conspicuous presence of soft gray or black Cretaceous shale" in place
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of "mainly montmorillionite clays.” Shale pebbles are a field criterion,
whereas the identification of montmorillonite reguires laboratory infor-
mation.

The Walsh Formation was defined (Bluemle, in press) as the litho-
stratigraphic unit that overlies the Coleharbor Formation and all
other formations and includes a variety of clay, sand, silt, and gravel
dsposits. He also séid (Bluemle, in press) that sediments of the Walsh
Formation have a "dirty" appearance due to the presence of small (or
large) amounts of organic material that commonly give them a dark, gray
color,

Descriptive mapping in Emmons County has demonstrated that the
Walsh Formation is not a useful lithostratigraphic unit, Because no
type section was defined for the Walsh Formation, it is not possitle io
compare what has been defined as "type"” Walsh Formation with what might
he Walsh Formation elsewhere. The use ofr"dirtyness" (presence of dis-
seminated organic material) as the litholegic criteria for major litho-
stratigraphic differentiatlion is not practical; two examples from
Emmons Céunty 51liustrate this,

(1) Coarse silt occurs on the uplands in Emmons County, HNear the
Missouri River (Oahe Reservolr) this silt is as much as 5 meters thick
and can be differentiated into iwo lithologic unitis if the criteria fTor
the Walsh Formation is used. The upper 2 to 2.5 meters of the unit are
dirty gray because of the presence ol organic material. The underlying
silt is yellow and apparently lacking in organic material, There is
not any other easily distinguishable break other than this color change.

A more natural break occurs at the base of the section where the silt is
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in contact with underlying units., If the wglsh Formation definition is
. used, the upper, gray silt is Walsh Formation and the lower, yellow silt
is Coleharbor Formation; litholeogically, they are essentially one unit.

(2) Bluemle (in press) stated that alluvium is included in the
Walsh Formation (the inference being that all alluvium is "dirty" ).
However, the Missouri River alluvium in Emmons County and in most of‘tha
rest of North Dakotia is clean sand and silt, making it Coleharbor For~-
mation rather than Walsh Foxmation.

I believe that thes confusion indicated by these two examples
suggests that the Walsh Formation is not as practical a lithostratigra-
phic unit as the lithostratigraphic units defined in this report. For
this reason, Walsh Formation will not be used and it is suggested that
usage of Walsh Formation be discontinued. The Coleharbor Formation will
be redefined to include material previously included in the Walsh For-
mation, I consider thz Coleharbor Formation to be a group in most of
North Dakota.

The Coleharbor Group is here redefined to include material that
overlies it (previously called Walsh Formation). The Coleharbor Group
thus includes all the massive,to jointed, bouldery, cobbly, pebbly,
sandy, silty clay and the sand and gravel, silt and clay, and silt
{whether or not it contains organic ﬁaterial)'that overlies the bouldery,
cobbly, pebbly, sandy, silty clay at the type sections and all compa-
rable sections, The upper paxrt of the Coleharbor Group does not occur

at the type section.

Type secticn

The type section of the Coleharbor Group remains the same. It
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is located in the NWi NWi NEF sec, 22, T. 147 N., R. 8 W., McLean

.County, HNorth Dakota.

Nature of the contacts
The upper contact of the Coleharbtor Group is the sediment-air
interface, The Coleharbor Group rests unconformably on older units,

Near the type section the contact of the Coleharbor Group with the Sen-

tinel Butte Formation can be seen., It occurs where ths gray to grayish

brown sand and silt of the Sentinel Butte Formation is replaced by thes
overlying massive to Jjointed, bouldery, cobbly, pebbly, sandy, silty

clay of the Coleharbor Formation, In sec, 22, T. 152 N., R, 102 ¥, in

McKenzie County, North Dakota, the contact of the Coleharbor Group with
the Flaxville Formation can be seen (Figure 8). The contact is uncon-
- formable and occurs where gravel composed of argilliia, qﬁartzite, and
porphyry c¢obbles and pebbles of the Flaxville Formaiion is replaced by

the bouldery, cobbly, pebbly, sandy, siliy clay of the Coleharbor Group.

Regional stratigraphy, distribution, and thickness
The exact regional distribution of the Coleharbor Group is not

known, It is known that it covers most of the eastern two~thirds of

North Dakota, extends into Saskatchewan, Manitoba, western and southern
Minnesota, and South Dakota, The Coleharbor Group is probably egquiv-
alent to the Saskatoon Group (Christiansen, 1967) and part of the
Sutherlund Group (Christiansen,'1968) in Saskatchewan.

In MeLean County the unit is over 180 meters thick in one area and

probably averages about 40 meters (Bluemle, 197ia). In Emmons County,
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the Coleharbor Group is more than 120 meters thick in one area and prdb-
ably averages about 25 meters. In the rest of North Dakota, the Cole-

haxrbor Group averages 30 to 45 meters (Bluemle, 1971b).

Différentiation from other units

The Coleharbor Group can bes distinguished from underlying units
by the presence of the bouldery, cobbly, pebbly, sandy, silt clay.
The gravel lithology within the Coleharbor Group may be hard to differ-
entiate from gravels in other units, Gravel of the Coleharbor Group is
compossd of cobbles of granite, basalt, and carbonate derived from or
‘near the Canadian Shield. Gravel of underlying units is composed pre-
dominantly of cobbles and pebbles of porphyry, argillite, and quartzite

derived from a southwestern source.

Origin
The Coleharbor Group is glacial in origin. Minor amounts of it

are fluvial, lacustrine, and eclian in origin,

Age

The Coleharbor Group is Pleistocene in age.

Remarks
In North Dakota the Braddock, Emmons, Four Bears, Coteau, Den-

bigh, and Oahe Formations comprise the Coleharbor Group.

Definition of the Braddock Formation

Nane

Braddock Formation, new name
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Scurce of the name
The Braddock Formation is named for Braddock, Emmons County,

North Dakota.

Definition abstract

The Braddock Formation is massive to Jointed, olive gray to yel-
lowish brown, bouldery, cobbly, pebbly, sandy, silty clay. The texture
~of the unit consisis of roughly equal amounts of sand, silt, and clay.

Pebbles, cobbles, and boulders of igneous rocks, limestone, dolomite,

and shale make up a few per cent of the unit. The Braddock Formation
is probably the lowest unit of the Sakakawea Sequence in Emmons County

and underlies the Emmons Formation.

Type section
The type section for the Braddock Formation is located 0.35
miles east of the southwest corner of sec. 3i, T. 131 N., R. 69 ¥.,

McIntosh County, Noxrth Dakota.

Reference section

The reference section is located at the type section of the
Sakakawea Sequenée in éec. 22, T. 147 N., R. 87 W., McLean County,
Hoxth Dzkota. This section shows the relation of the Braddock Forma-

tion to other units in the Coleharboxr Group.

Description of the unit

At the type section, the Braddock Formation consists of 3,7
neters of massive, yellow brown, bouldery, cobbly, pebtly, sandy,

silty c¢lay overlain by Emmons Formation 1.5 meters thick. The texture
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of samples of Braddock Formation at the type section is given in

- Appendix III.

The unit is unbedded and contains roughly equal amounts of sand,
silt, and clay. Deviations from these average textures are as much as
10 per cent, Boulders, cobbles, and pebbles also make up a few per cent
of the unit, The color of the unit varies widely from yellow brown to
olive gray, and below the water table the colors are consistently,grayer
and bluer, At the type section the color of the unit is light yellowish
brown (5Y 6.4). Mineralogically, the unit is composed of minerals
derived both from the Canadian Shield and local sources, The clay-
sized portion of the unit is composed largely of cléy minerals {predom-
inantly montmorillonite). The sand and silt-sized portions of the unit
are composed mainly of quartz, feldspar, limestone, dolomite, shale, and

a wide variety of small amounts of other minerals., The portion of the

s
k:
o
hs
&

¥ 1 unit larger than sand size 1s composed of cobbles and pebbles of granite,

basalt, limestone, dolomite, and shale. A pebble éount, based on 188

pebbles greater than 4 millimeters in size collected at the type section,

gave the following abundances for diffsrent lithologies: carbonate, 42

per cent; crystallines, 21 per cent; siliceous, i1 per cenﬁ; shale, 7

per cent; and miscellaneous, 19 per ceat, Contained within the forma- v
tion are clay and silt and sand and gravel lense?Vénd layers that,

except for stratigraphic position, are identical‘to the Four Bears For-
mation;b%heseyunits each make up 5 to 10 per cent of the Braddock Foxrw=

mation.

Naﬁure of the contacts

The contact of the Braddock Formation with the Emmons Formation
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is sharp (Figure 10), It can be seen at the type section and occurs
- where tbe yellower, more sandy Braddock Formation rests unconformably
on oldsr units. HNear the type section of the Sakakawea Sequence, the
contact with the Sentinel Butte Formation can be seen. It occurs where
the gray to grayish brown sand and silt of the Sentinel Buite Formation
is replaced by the overlying massive to Jointed, bouldery, cobbly, peb-
bly, sandy, silty clay of the Braddock Formation. In sec, 28,
T. 152 N., R, 102 N. in McKenzie County, North Dakota, the contact of
the Braddock Formation with the Flaxville Formation can be seen (Figure
8). The contact is unconformable and occurs where gravel composed of
argillite, quartzite, and porphyry cobbles and pebbles of the Flaxville
Formation is replaced by the bouldery, cobbly, pebbly, sandy, silty

clay of the Braddock Formation,

Regional sﬁratigraphy, distributicn, and.thickness

Thes Braddock Formation is thought to cccur over most of the state
of North Dakota (Figure 11), In the Red River Valley it is thoughi to
be equivalent to the Red Lake Falls and St. Hilalre Members of the Cole-
harbor Formation (Harris and others, in preparation). The unit probably
extends into South Dakota, Minnesota, Manitoba, Saskatchewan, and Mon-
tana. In Saskatichewan, the unit is probably eguivalent to the Saska-
toon CGroup and at least part of the Sutheriund Group.

The thickness of the unit probably averages about 45 neters in
most of North Dakota, It is known to be at least 150 meters thick in

one area (Bluemle, 1971b).




Fig. 10,--Contact (dashed line) of the Braddock Formation with
the overlying Emmons Formation, 0.35 miles east of southwest corner of
sec. 31, T. 131 N.,, R. 69 W., McIntosh County, North Dakota.
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Fig. 11.--Probable distribution of continuous Braddock Forma-
tion and known distribution of Emmons Formation in North Dakota.
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Differentiation from other units

The Braddock Formation is not likely to be confused with any
other unit of the Coleharbor Group in North Dakota except the Emmons
Formaiion. The Braddock Formation can be distinguished from the Emmons
Formation by the larger amounts of sand present in the Braddock Forma-
tion {approximately 33 per cent versus 17 per cent) and by the large
number of shale pebbles in the Emmons Formation. Carbonate and igneous

pebbles predominate in the Braddook‘Formation.

Origin
The Braddock is interpreted to be largely glacial sediment.

Minor amounts of it are fluvial and lacustrine sediment.

Age

The Braddeck Formation is probably Wisconsinan in age.

Remarks
At least two major event-stratigraphic boundaries (Napoleon and

Lostwood Glaciations) are interpreted within the Braddock Formation.

Definition of the Emmons Formation

Nane

Emmons Formation, new name

Source of the name

The Emmons Formation is named for the type area, Emmons County,

North Dakota.
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Definition abstract
The Emmons Formatlon is massive, olive gray to brown, houldery,
cobbly, pebbly, slightly sandy, silty clay. Shale typically composes a
ma jor part of the pebble lithologies in the unii. The texture of the
unit averages 17 per cent sand, 36 per cent silt, and 47 per cent clay.
The Emmons Formatlion lies above the Braddock Formation and below the

Four Bears Formation.

Type sectlon
The type section for the Emmons Formation is located 0,35 miles
east of the southwest corner of sec. 31, T. 131 N., R. 69 W., McIntosh

County, North Dakota.

Reference section

Reference sections for the Emmons Formation are located in the
NWi NWi NWi of sec. 21, T. 129 N., R. 74 W., Emmons County, North Dakota
(United States Geological Survey Test Hole 8152), 0.5 miles east of the
northwest corner of sec, 28, T. 129 N., R. 74 W. (auger hole DEM 1, see
Appendix I), and in the SE: SEX SEF of sec. 23, T. 131 N., R. 75 W.,
Bmmons County, North Dakota (a road cut showing 4.5 meters of Emmons

Formation).

Description of the unit

At the type section, the Emmons Formation Consists of 1.5 meters
of olive gray (5Y 4.2), slightly sandy, silty clay with a few boulders
and’cobbles scattered throughout. The unit is underlain by 4 meters
of Braddock Formation., The texture of the Emmons Formation at the type

section is given in Appendix III.
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The unit is composed of material derived from both Canadian

. Shield and local sources. The clay-sized portion of the unit is com~
posed mostly of clay minerals (largely montmcrillonite). The silt and
sand-sized portions of the formation are mainly composed of quartz,
feldspar, shale, limestone, and dolomite,., Heavy minexrals also make up
a very sﬁall portion of this size material. The gravel-sized material
in the Emmons Formation is composed largely of shale, limestone, dolo-
nite, granites, and basalt cobbles and pebbles, Shale is the most com-
mon material in the gravel fraction of the unit. A pebble count, based
on 146 pebbles of greater than 4 millimeters in size collected at the
type section, gave the following abundances for different lithologies:
shale, 34 per cent; crystallines, 27 per cent; carbonates, 27 per cent;
siliceous, 4 per cent; and miscellaneous, 7 per cent. Small amounts of
material similar to the Four Bears Formation make up as much as 10 per

cent of the unit.,

Nature of the contacts

The contact of the Emmons Formation with overlying and under-
lying units is sharp. The contact with the Four Bears Formation occurs
where gravel composed of cobbles and pebbles of material derived from
the Canadian Shield or silt and clay (generally‘rhythmic) replaces the
underlying olive gray to brown, bouldery,‘cobbly, pebbly, slightly
sandy, silty clay of the Emmons Formation. The contact with the under-

lying Braddock Formation (Figure 10) was discussed in this same section

under the Braddock Formation.
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Regional stratigraphy, distribution, and thickness

The Emmons Formation is overlain by the Four Bears Formation and
underlain by the Braddock Formation.

The exact distribution of the Emmons Formation is not known, but
it is thought to be related to the suberop of the Plsrre Shale under it.
The unit is known to occur in southeastern Emmons and McIntosh Counties,
North Dakota, and in northeastern Campbell and northwestern MePherson
Counties, South Dakota, Figure 11 shows the known distritution of the
Emmons Formation in North Dakota,

The unit may be chronologically equivalent to the Red Lake Falls
Member of the Coleharbor Formation in northwestern Mimnessota (Harris and
others, in preparation). It may also be equivalent to the Battleford
Formation in Saskatchewan (Christiansen, 1968). The unit is known to be

at least 55 meters thick in southeastern.Emmons County, North Dakotz.

Differentiation from other units

The only other unit that the Emmons Formation might be confused
with in the Colsharbor Group in North Dakota is the Braddock Formation.
For comments on differentiating the iwo units, see this samé section

under Braddock Formation.

Origin
The Emmons Formation is largely glacial sediment., Small amounts

of it are lacusirine and fluvial sedimenis.

Age

The Emmons Formation is late Wisconsinan in age.




Definition of the Four Bears Formation

Name

Four Bears Formabtlion, new nanme

Souxce of the name

The Four Bears Formation is named for the Four Bears Bridge in

Montrail County, North Dakota.

Definition absiract

The PFour Bears Formation consists of two faclest a rhythmic
silt and clay facies and a "clean" (free of disseminated organic matter)
sand and gravel facies. Stratigraphically, the unit occurs betwesen the

Emmons Formation and the Coteau Formation,

Type section
The type section of the Four Bears Formation is in the NE} Nwi
sec, 1%, T. 152 N., Re 93 W. in the bluffs of Lake Sakakawea, 1 mile

northeast of the Four Bears Bridge.

Reference section
Reference sections are located in the NE: NWi sec, 14, T. 136 XN.,
R. 74 W, (silt and clay facies) and the NW: NE§ sec. 24, T. 132 N.,

R. 77 W. (sand and gravel facies), Emmons County, North Dakota.

Description of the unit
At the type section, the Four Bears Formation consists of 15
meters of sand and gravel overlying more than 65 meters of laminated

silt and clay (Figure 12), The sand and gravel facies (Pigure 13) con-
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Fig, 12.--Picture of the silt and clay facies of the Four Bears
Formation at the type section in the NE} Nwi sec., 14, T. 152 N.,
R, 93 W. in the bluffs of Lake Sakakawea.







Pig. 13.--Picture of sand and gravel facies of the Fours Bears
Formation., Pilcture was taken at the Dahlen Esker in Walsh County,
Noxrih Dakota.
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sists of lenses and beds of gravel and sand composed largely of gravel,
- sandy gravel, sand, and gravelly sand. The sediment is generally flat-
bedded with small amounts of it being crossbedded; most of the Ffacies
is poorly sorted. The unit is generally unconsolidated, but lron-oxide
and carbonate~cemented layers do occur (Bonneville, 1961). An example
of this occurs at the type section of the Four Bears Formation. The
sand and gravel facies is composed of gravel éonsisting of granite,
basalt, carbonate, éhale, and & wide variety of other less common
lithologies., The sand-sized portion of the facies is composed largely
of féldspar and quartz, but lesser amounts of other minerals such as
calciﬁe, dolomite, shale, igneous, and metamorphic minerals are also
present, Maximum average’grain size is about 25 centimeters, ut
larger boulders do occur. A white coating of carbonate is commonly
found on the bottoms of individual cobbles and pebbles.

The silt and clay facles is for the most part free of pebbles and
consists largely of clay, silty elay, claysy silt, silt, and some silty
sand, tut the sandy portion of the facies is not common. The facies is
generally rhythmic (the individual layers vary greatly in thickness),
but it may be unbedded and is generally gray to yellow in color, The

.
facies is composed of clay (mostly montmorillonite), quartz, feldspar,
calcite, and dolomite.

The tedding of both faclies is usually flat 1ying, tut it is not
uncommon to find the sand and gravel faéies slumped and faulted and the
silt and clay facies slumped and contorted tc the point of making indi-
vidual beds hard to trace.

Mollusk shells and ostracod carapaces are common fo ototh facies
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btut are better preserved in the silt and clay facies.

Nature of the contacts

The contact of the Four Bears Formation with overlying and under-
lying formations is sharp. The contact with the overlying Coteau Forma-
tion can be seen at the type section of the Coteau Formation., There
the contact occurs where gray, laminated silt andAclay is replaced by
green to brown, organic clay. The contact beﬁween the sand and gravel
facies and the Coteau Formation has not been seen, but it is thought to
be sharp. The contact with the underlying Emmons Formation was dis-

cussed in this same section under Emmons Formation,

Regional stratigraphy, distribution, and thickness

The Four Bears Formation occurs between the Emmons and the Coteau
Formations. This d;it is very common over much of the eastern two-
thirds of Horth Dakota, Saskatchewan, Manitoba, Minnesota, and South
Dakota., The limits of the unit are not known. The thickness of the

unit ranges widely from a few centimeters to several hundred feet., At

the type section, the unit is nearly 90 meters thick.

Differentiation from other units

The fa&ies of the Four Bears Formation are identical to the silt
and clay and the sand and gravel facies that occur within the Braddock
and Emhons Formations, The presence of btouldery, cobbly, pebbly, sandy,
siltf clay above these 1atter‘facies differentiates them from the Four
Bears Formation. The gravel facies of the Four Bears Formation is

similar to the gravel of the Flaxville Formation of the Tejas (?)
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Sequence. These two units can be differentiated by the presence of
large amounts of porphyry, argillite, and QUartzite particles in the
Plaxville Fgrmation and the predominance of granite, basalt, and carbo-
nate in the gravel and sand facies of the Four Bears Formation.

The 511t and clay facies of the Four Bears Formation is similar
to the Oahe Formation. These units can be differenﬁiate& by the difa
ferent stratigraphic positi?ns of the units'(the Denbigh and Coteau For-
mations occur between them), the lack of laminations in the Oahe Forma-
tion, and the difference in texture between the two units, Sand is much
more common in the Oahe Formation, and cléy is generally much more

common in the Four Bears Formation,

Origin
The Four Bears Formation is mainly fluvial sediment (sand and

gravel facies) and lacustrine sediment (silt and clay facies); lesser

amounts may bs eolian sediment.

Age
Most of the Four Bears Formation is Wisconsinan in age though

some of it is Holocene in age.

Definition of the Cotsau Formation

Name

Coteau Formation, new name

Source of the nane

The Coteau Formation is named Tor the type arca, the Missouri

Coteau, North Dakota.




60

Definition abstract

The Cotean For?ation consists of two facies., One facles, the
- black, organic, siliy clay facies, is very common in the closed depres—
sions of the Missouri Coteau (Figure i4). The other facies is found
malinly in drainage battomsrand along the base of hillslopes, This
facies is a “dirty" gray, organic, slightly pebbly, sandy silt and
clay. The Coteau Formation occurs betwsen the Four Bears and Denbigh

Formations,

Type section

The typs section of the Coteau Formation is in the Seibold
Slough (Bickley, 19703 Cvancara and others, 1971). Specifically, the
type section is in the SW+ N%%.sec. 31, T. 141 N., R. 67 W., 16 kilo~

neters south of Woodworth, Stutsman County, North Dakota.

Reference section

The first reference ssation is located in ihe Dockter-Sparrow
Site in the NEf NW# sec. 3, T. 146 ﬁ., R. 77 W., approximately 3 kilo-
meters from the town of McClusky, Sheridan County, North Dakota (this
section is similar to the type section). A second reference section is
located in a cutbank on the Turtle River in the SEf NE: sec. 32,
Te 152 No, R. 54 W., Grand Forks County, North Dakota (this section
shows the slightly pebbly, sandy silt and clay facles of the Cotean

Formation not present at the type section).

Description of the unit

The type section (Figure 14) from bottom teo top consists of the




61

Fig. 14,--Picture of the Coteau Formation type section. Num=-
bers correspond to the different units discussed, under the definition
of the Coteau Formation,
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following: (1) blue gray, laminéted, slightly fossilifarous (ostracods,
fish, and mollusks), silty clay; (2) 30 centimeters of green to brown,
finely laminated, highly organic, extrémely fossiliferous (more than 160
species of plants and animals) clay (trojenite); (3) 20 centimeters of
brown, highly calcareous, very fossiliferous (mollusks, ostracods, and
fish), silty elay (marl); (%) 75 centimeters of black, calearsous,
fossiliferous (mollusks, ostracods, and fish), organic, silty clay;
(5) 90 centimeters of black to brown, slightly calcareous, slightly
fossiliferous (a few ostracods and mollusks), sandy silt and silty
clay; and (6) 70 centimeters of black, slightly calcareous, fossilif-
erous (mollusks and ostracods), highly organiec, siliy clay, Unit one is
not part of the Coteau Formation; it is the silt and clay facies of the
Four Bears Formation. |

In many areas, units two and three are not present, The other
facies of the Coteau Formaticn is gray to brown, slighily pebbly, sandy
silt and silty clay.

The Cotean Formation is composed of clay (mostly montmoril-
lonite), quartz, feldspar, organics, and small amounts of a wide variety

of other minerals.

Nature'of the contacts

The contact of the Coteau Formation with the Denbigh Formation
has not been seen, However, it is thought to be sharp because of the
“dirty" appearance (due to the presence of disseminated organic material)
of the Coteau Formation and the “clean" appearance (due to the lack of

organic material) of the Denbigh Formation. The contact with the under-

lying Fouxr Bears Formation was discussed in the same section under Four
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Bears Formation.

Regional stratigraphy, distrimition, and thickness

The ®tlack, organic, silty clay facies is very widespread over
‘much of North Dakota, Saskatchewan, Manitoba, Minnesota, and South
Dakota. The slightly pebbly, organic, sandy silt and silty clay facies
is even more widespread, occuring in most valley bottoms. The limits
of its distritution are not known.

The Coteau Formation lies below ihe Denbigh Formation and above
the Four Bears Forxmation.

The blaék, silty clay facies averages about 4 meters thick. The
thickness of the other facies ranges from a few centimeters to a few

dozen meters.

Differentiation from other units

The topographic position and lithology of the Coteau Formation
eliminate most possible confusion with other units. The only unit that
the Coteaun Pormation hight be confused wiith 1s the Riverdale Member of
the Oahe Formation. The well-sorted nature and lack of pebbles (other
than artifacts) in the Riverdale Member and the poorly~-sorted nature and
presence of pebbles in the Coteau Formation is a means of differentia-~

tion between the two units.

Origin
The Coteau Formation consists of alluvial, colluvial, and slough

sediment, Small amounts of the unit are man-made deposits,
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Age
Most of the Coteau Formation has been deposited during the last

10,000 years.

Remarks

The Coteau Formation is rather broadly defined. This is to
allow the large number of similar, though not exactly identical, mate-
rials that exist to be defined as one lithologic unit, Defining the
Coteau Formation in this way also eliminates the possibility that more
narrowly defined lithostratigraphic units might be genetic rather than

descriptive.

Definition of the Denbigh Formation

Nane

Denbigh Formation, new name

Source of the name

The Denbigh Formation is named for the town of Denbigh, McHenry

County, North Dakota,

Definition absiract

The Denbigh Formation consists mainly of loose, "clean" sand con-
taining some large scale crossbedding. The unit is composed of quartz,
feldspar, and other minerals, It occurs above the Coteau Formation and

below the Jahe Formation.

Type section

The type section of the Denbigh Formation is located 0.12 miles
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south of the northwest corner of sec, 28, T. 156 N., R. 77 W., McHenry

-County, HNorth Dakota,

Reference section
The reference section for the Denbigh Formation is located in the

NW; NE% sec. 1, T, 132 N., R. 78 W,, Emmons County, North Dakota.

Description of the unit

At the type section (Figure 15) the Denbigh Formation consists
of 6 meters of well-sorted, unconsolidated sand containing some large-
scale crossbedding, Pebbles, cobhles, or boulders are extremely uncom-
mon, ku£ may be present. When they do occur, they are artifacts. The
unit is composed of gquartz, feldspar, limestone, dolomite, shale, and
small amounts of a wide variety of other minerals, At the type section,

three dark organic horizons occur in the upper 1.5 meters (Figure 16).

Nature of the contacts

The contact of the Denbigh Formation with the overlying Qahe
Formation has not been seen. It is thought to be sharp because of the
difference in textures of the two units (Denbigh Formation is well-
sorted sand, whereas the Ozhe Formation is mainly coarse silt). .The
contact with the underlying Coteau Formation was discussed in this same

section under Coteau Formation.

Regional stratigraphy, distribution, and thickness
In Horth Dakota the three largest occurrences of the Denbigh For-

mation are on the Sheyenne and Pembina Deltas and the Souris lake plain

(Figure 17). Small local occurrences are present over much of North
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Fig. 15.--Picture of the Denbigh Formation type section
located 0.12 miles south of the northwest corner of sec. 28, T. 156 N.,
R, 77 W,, McHenry County, North Dakota.
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Fig. 16.--Closeup picture of the upper 1.5 meters of the Den-
bigh Formation, Three paleosols can be seen (dashed lines are placed
at the top and the bottom of each),
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Fig. 17.~--Distribution of contimuous Denbigh Formation (black)
and widespread discontinuous Denbigh Formation (speckled).
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Dakota. OCutside of North Dakota little is known of the distriution of
the Denbigh Formation.‘ A large deposit of this unit is known to oceur
on the Assiniboine Delta of Lake Agassiz, Manitota (David, 1971). The

thickness of the unit varies greatly.

-
Differentiation from other units

The only unit that the Denbigh Formation might be confused
with is the Four Bears Formation, It is distinguished from the Four
Bears Formation by the difference in sorting (the Four Bears Formation
is very poorly-sorted while the Denbigh Formation is well~-sorted) and
the lack of gravel (except for occasional artifacts) in the Denbigh For-

mation. .

Origin
The Denbigh Formation is mainly eolian sediment; minor amounts
of the unit may be fluvial or lacustrine sediments. At the type sec-

tion it is all eclian sediment.

Age

Most of the Denbigh Formation is probably Holocene in age.

Definition of the Cahe Formation

Nanme

Oahe Formation, new name

Source of the name

The Oahe Formation is named for the Oahe Bessrvoir,‘south~0entral

North Dakota.
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Definition abstract
The Cahe Formation is yellow, brown to red, or gfay nonbedded,
coarse silt and fine sand, It is found mainly on the flat to gently
rolling uplands, but it may also be present in valley bottoms. It has

the appearance of having been draped over the topography. It is the

uppermost unit of the Sakakawea Sequence in North Dakota.

Type section
The type section of the Oahe Formation is 160 meters south and
30 meters west of the center of sec. 22, T. 147 N., R. 8% W., 5 kilo~-

meters north of Rlverdale, Noxrth Dakota.

Reference section
The reference section for the QOahe Formation is the bluff in the

SWi SEi SE+ sec. 28, T, 136 N., R. 78 W., Emmons County, North Dzkota.

Description of the unit

The tyﬁe section (Figure 18) from bottom to top is as follows:
(1) 116 centimeters of light yellow brown silt and sand moderately
calcareous; (2) 15 centimaters of brown to red brown, moderately
calcareous silt and fine sand; and (3) 72 centimeters of gray brown to
gray, slightly calcareous, fine sand and coarse silt, containing several
faintly visible and laterally traceable bands of dark oxganic si t. For
a detailed dsscription see Appendix III. Ali three units are composed
mainly of quartz, feldspar, and carbonate minerals. The darker color

in the upper two units appears to be due to an increased amount of dis-

seminated organic material,




. Fig. 18.~-Picture of the Oahe Formation type section: Unit one
is the Mallayxd Island Member of the Oahe Formation; unit two is the
Aggie Brown Member of the Oahe Formationi and unit three is the Riverdale

Member of the Ozhe Formation.
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Natu#e of the contacts
The upper contact of the Oahe Formation is the sediment air
interface. The contact of the Oahe Formation with the underlying Den-
bigh Formation was discussad in this same section under Denbigh Formaf

tion.i

Regioﬂal stratigraphy, distribution, and thickness

i The Oahe Formation occurs at the surface over much of North
Dakotéﬁ(?igure 19). Its thickness and distribution are controlled by
the wind direction and strength, The unit occurs in deposits greater
than Simeters thick along the Missouri River; tut rapidly thins away
from the river. Figure 19 shows approximate thicknesses for the unit
in Norﬁh Dakota. When the unit is thin, it may not be recognizable if
a very%well developed s0il has formed on it. Where the Oahe Formation
approaches.é meters in thickness, it is éasily recognizable on air
photos by a characteristic soft, mottled patternm, VThe extent of the
Qahe Formation outside of Noxth Dakota is not known, but it probably

occurs along most major river drainasges.

Differentiation {rom other uniis

?he Goteau Formation and the silt and clay facles of the Four
Bears Fo&mation are probably the only units that the Oazhe Formation can
be COnqued with in the Sakakawea Sequence, Normally, topographic
position1is useful in differentiating between the two units., The Oahe
Formation is normally found draped over the hizh topography between

divides, and the Coteau Pormation generally occurs only in valley bot~

toms, along the base of hillsides, and in closed depressions. However,
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Fig, 19.--Distribution of the Oahe Formation. Areas without
a pattern are areas where the formation is thought not to occur. Part
of the information for the Tigure was obtained from Omodt and others

(1961).
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when ihe Ozahe Formatlion does occur in low areas as it does on the “30-
,foot“iterrace of therMissouri River, 1t can be distinguished from the
Coteau Formation by the lack of pebbles in the Ozhe Formation and by the
pooref sorting and presence of large amounts of organic material im thé
Coteau Formation. The Oahe Formation is generally much sandier than
the siit and clay facies of the Four Bears Formation, The silt and
clay fécies of the Four Bears Formation 1is much‘clayiei than the QOahe
Formation. It is also commonly laminated while the Oahe Formation is

never laminated.

Origin

The Oahe Formation is mainly of eolian origin, but minor amcunts

of the unit may be overvank and offshore sediment,

Age

The Oahe Formation is Pleistocene and Holocens in age.

Remarks

The Oahe Formation has been divided into three membzrs: the

Mallard Island, Aggie Drown, and Riverdale Members.

Definition of the Mallard Island Member

Nanme

Mallard Island Member, new name

Source bféthe name
The Mallard Island Member is named for the Mallard Island in Lake

Sakakawea,lMcLean County, North Dakota.
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Definition abstract
‘ The Mallard Island Member is yellow to yellow bréwn, coarse silt
and fine sand, I{ is unbedded and slightly calcareocus. It occurs above

thg Denbigh Formation and below the Aggie Brown Member'of the QOahe

Formation.

Type section
The type section of the Mallard Island Member is the type

section of the Qahe Formation.

Reference section

The reference section of the Mallard Island Menber of the QOahe

Formhticn is the same as that of the Oahe Formation.

Description of the unit
At the type section {Figure 18), Mallard Island Member is unit

one of the Oahs Formation.

Regional stratigraphy, distribution, and thickness

‘ See £he same section under the Oahe Formation for comments on
stratigraphy. The only areas whers the Mallaxd Island Kember does not
occurzare on thz lowest terraces and floodplains of streams, The Mal-

lard Island Member is 3 to 4 metexrs thick at the reférence secﬁion.

Origin

The material in the type section is eclian in origin {locess).

In other areas the uniit may also include materials of lacustrine origin,
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Age
The Age of the Mallard Island Member of the Oahe Formation is

probébly late Pleistocene to early Holocene.

Definition of the Aggie Brown Membsr
Hame

Aggle Brown Member, new name

Source of the rname
The Aggie Brown Membver of the Qahe Formation is named for Aggile

Brown Coulee that runs into Lake Sakakawea near the itype section of the

Qahe Formatiou.

Definition abstract
- The Aggle Brown Member of the Oghe Formation is brown to red
brown, coarse silt and fine sand (Figure 18) that occurs between the

Mallaéd Island Member and the Riverdale Member of the Oahe Formation.

Type séction
' The type section of the Aggie Brown Member is the same as that of

the Oahe Formation,

Reference section
‘The refersnce sectlon for the Aggie Brown Member is the same as

that of the Oahe Formation.

Description of the unilt

The Aggile Brown Member is unit two in the type section descrip-~-

tion of the Cahe Formation.
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Naturalof the contacts
The contacts of the Aggie Brown Member with the members above
and befow i1t are diffuse, The contacts are placed at the position o
where the first noticeable change from yellow to bﬁown (Mallard Island !
Member to Aggie Brown Member) and from brown to gray (Agsie Brown Men-

ber to Riverdale Member) is seen.,

Regional stratigraphy, distributicn, and thickness

The Aggie Brown Member of the Cahe Formation has been recognized
in sevetal places in North Dakota, Outside of the state the extent of
the unit is not known. It is possible that the unit is the eguivalent
of the “Brady Soil" of the Great Plains. The Aggie Brown Member aver-

ages ab@ut 15 centimeters in thickness,

Differeﬁtiation from other units
Color and stratigraphic position eliminate the possibility that

the Aggie Brown Member might be mistaken for any other unit.

Origin
The Aggie Brown Member of the Oahe Formation is eolian (loess)

and slopewasn sediment. A muliiple palesosol is developed in it.

Age
The Aggie Brown Member is interpreted as being late Wisconsinan

to early Holocene in age,

Remarks

In designating a soil as a lithostratigraphic unit, I may have
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: viélated an article of the Code of Stratigraphic Nomenclature (Article
18a). I am doing this because the separate category made for soils is
an ﬁnnaeded exception, The term “soill" is interpretative, whereas the
uni% that is interpreted to be a soil is purely déscriptive. This
desgriptive unit has all the physical characteristics and the strati-
graﬁhic relationships that any lithostratigraphic unit has; it should
be freated as such, The fact that a soil maintains a consistent strati-
graghic relationship with other units suggests that the descriptive
uniﬁs that are interprsted to be soils are valid lithostratigraphic
uniﬁs. The Code of Stratigraphic Nomenclature (American Commission on
Straﬁigraphic Nomenclature, 1961) assumes that soils are developed in a
pre—éxisting material; it does not provide for "depositional soils,”

whieb the soil formed in the Aggie Brown Member probably are.

Definition of the Riverdale Member

Hame |

Riverdale Member, new name

Source of the name

The Riverdale Member is named for the town of Riverdale, North

Dakota.

Definition abstract
. The Riverdale Member is the uppermost unit of the Oahe Formation.
Thevuﬁit consists of unbedded, gray to dark gray silt occcurring mainly

on uplénds but also recognizable in bottomlands. It occurs above the

Aggle Brown Member of the Oahe Formation.
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Type section
The type section of the Riverdale Member is the same as that of

the Oahe Formation.

Reference section
The reference section of the Riverdale Member is the same as

that of the Oahe Formation.

Description of the unit
The Riverdale Member (Figure 18) is unit three in the type

section of the Ozhe Fcrmation,

Regional stratigraphy, distribution, and thickness

The major distribution difference between the occurrence of
the Riverdale Member and the Mallard Island Member of the Oahe Formation
is tﬁat the Riverdale Member occurs on the lowest-most terraces and
flood@lains of the Missouri and similar rivers; the Mallard Island
Membe@ does not. For comments on ithe regional stratigraphy; see the same
section under the Oahe Formation. The Riverdale Member occurs in

thickness of up to 2 meters.

‘Differentiation from other units

For differentiation from other units see the same section undexr

the Qahe Formation.

Origin
At the type section, the Riverdale Member is thought to be

completely eclian sediment. Elsewhere, the unit may‘also e at least

partially overbank and offshore sediment.




Age

The Riverdale Member 1s Holocene in age.

TOPOGRAPHY AND SURFACE PATTERNS

Emmons County can be divided into three general topographic
districts: +the Missouri Coteau, the theau Slope,’and the Missouri
River Trench, The northeastern and socutheastern corners of the county
are in the Missouri Coteau. There the dralnage is completely non-
integrated. Runoff collects in small closed depressions about 150
meters across. Along the western edge of the county is the Missouri
River Trench. Oahe Reservoir (the Missouri River) occupies the bottom
of the irench to an elevation of about 500 meters. The trench is
several miles across at its widest spot. Between the Missouri Coteau
and the Missouri River Trench is the Coteau Slope. The land slopes
westward and is completely drained by tritutaries of the Missouri River.
The Coteau Slope can be‘divided into three areass the northern, south-
ern and Beaver Creek (which divides the northern and the southern areas)
areas. otreams in the northern area drain directly wesiward or south-
“westward into the Missquri River. In ths southern area, streams drain

directly westward or north-westward into the Missouri River. In ths

Beaver Creek area, streams flow directly north or south into Beaver
Creek and then weét into the Missouri River.

Topography in the areas of integrated and nonintegrated regions
can be subdivided into four types:’ flat (0 to 1° slopes), undulating
to rolling (1 to 7° slopes), hilly (7 to 25° slopés}, and badlands
(greater than 25° slopes) topography in arsas of integrated drainage;

o o
and flat (0 to 1 slopes), undulating to rolling (1 to 7 slopes),
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hilly (7 to 25° slopss), and steep (greater than 25° slopes) topography.
_in areas of nonintegrated drainage.

At least three distinguishable surfacé patterns are present

in Emmons County,

One pattern is confined to the northeastern corner of the county.
It consists of a series of straight, parallel ridges and troughs that
trend northnortheast-southscuthwest., Individual lineations are about
75 meiers apart and as much as two kilomsters long. They are under-
lain by sandstone of the Fox Hills Formation. Plate 1 shows tﬁe occur-
rence of the lineations within Emmons County.

A second pattern occurs in the southeastern and northeastern
parts of the county where either the upper Braddock Formation oxr Emmons
Formation is at thé surface, The pattern consists of clusters of
arcuate ridges and troughs. Individual ridges are about 2 meters high
and as much as 1 kilometer longe.

The third pattern is scattered throughout Emmons County. This
pattern consists of polygonal~shaped areas delineated by darker-toned
lines. Individual polygons are four, five, or six sided and about 15
meters across; a few are as large as SOvmetersc Plate 1 shows the

distribution of this pattern in Emmons County.




INTERPRETIVE GEOLOGY

GENERAL

Just as lithostratigraphic units are the basis for descriptive
geology, the geologic-event and event-stratigraphic units are the basis
for the interpretive geology.

Event-stratigraphic units are composed of material interpreted
to be the result of a geologic event (Clayton and Moran, 1972). Geoclogic
events are happenings or occurrencss. Geologic-eveni and event~
stratigraphic units are interpretive, genetlc unlts. They often have
time transgressive boundaries. Because they form the basis for the
geologic history interpreted below, the following example may be useful
to help clarify the difference between event-stratigraphic and geologic-

 évent units and their relations to lithostratigraphic units.

All of the glacial sediment and associated fluvial and lacustrine
sediment in northeastern Emmons County are included in the Braddock and

Four Bears Formation (lithostratigraphic units). The Lostwood and
Napoleon Glaciations (geologic evenis) have bsen interpreted from this
sediment and other evidence. Even though they can not be told apart
1ithologically,»the glacial sediment and the associated fluvial and
lécustrine sediment of the upper part of the Braddock and Four Bears
Formaﬁions make up the event-stratigraphic unit associated with the
Lostwood Glaciation (a geologic-event unit), and the glacial sediment

88
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and the assocliated fluvial and lacustrine sediment of the lower part of
the Braddock and Four Bears Formations make up the event-stratigraphic
unit associated with the Napoleon Glaciation (a geologic-event unit).
Since both glaciations begen earlier in the north and east than they
did in the south and west, the event-stratigraphic units have time-
transgression boundaries,

Lithostratigraphic units (in this case the Braddock and Four
Bears Formation) are descriptive, If they are defined well, they should
change little with time. Geologic~event and event-stratigraphic units
are interpretive and therefore subject to change as new evidence is
uncovered., Instead of two major glaciations, evidence may be found that

three or four glaciations occurred in northeastern Emmons County. IT

this happens, the geologic~event and event-stratigraphic units will
change or be modified, tut ths Braddock and Four Bears Formations will

remain the sane.

HISTORY OF THE PRE-SAKAKAWEA SEQUENCES

After a periocd of erosion during the late Precambrian time, the
sea advanced over the area depositing the sand, mud, and carbonate that
make up the Deadwood Formation., The sea retreated during late Cambrian
and eérly Ordovician time exposing the surface to erosion.
TheVWilliston Basin may have become slightly tectonically

negative during the deposition of the Sauk Sequence.

Tippecanoe time

The sea advanced again during the Middle Ordovician and deposited
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the predominantly clastic Winnipeg Grouﬁ. By late-mliddle Ordovician
time (deposition of the Red River Formatiop), carbonate was the pre-

dominant sediment being deposited. Except for brief times duxring which

clastic and evaporite deposition predominated, carbonate deposition con-

tinued until late Silurian.time, when the sea again retreated, exposing

the surface to erosion,

The Williéton Basin was relatively stable during the Tippecance
time, but by late Tippecanoe‘time (depositionvof the Stony ﬁountain‘and
Stonewall Formations), the structure was becoming increasingly tecton-

ically negative,

Kaskaskis time

Carbonate deposition continued during Kaskaskia (Devonian and
Mississippian) time. As the basin became more tectonically negative, it
also became zlosed to free circulation of water. When this occurred,
evapdrites replaced carbonates as the predominant sediment being dspos-
ited., At the end of Kaskaskia time (after the deposition of the Big

Snowy Group) the sea retreated again exposing the surface to erosion,

Absaroka and Zuni time

For thes next 150 to 200 million years during Absaroka and early
Zuni time (Pennsylvanian through early Cretaceous time), the area was
alternately covered by shallow sea and exposed/to erosion.

During Cretaceous time a widespread sea covered the area, depos-
iting first sand and then over 650 meters (2000 feet) of black mud.
Near the end of Cretaceous time, the sea again shallowed, depositing

the shore and nearshore sand of the Fox Hills Formation. At the end of
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Cretaceous time, the coastal plain sediment of the Hell Creek Formation
was deposited.
The sea advanced for the last time during early Paleocene time

depositing the sand and mud of the Cannonball Formation.

Tejes time

In late Tertlary time, the gravel of the Flaxville Formation was
deposited by rivers flowing eastward and northeastward toward what is
now Hudson Bay.

During Tejas time the pre-glacial Cannonball River probably
drained much of south~central North Dakota. Figure 20 shows a postulated
channel for the river in south-central North Dakota during Tejas tinme.
The following reasdns suggest that this channel was the pre-glacial
Cannonball chasnel rather than the Badger Creek Sag as suggested by Kume

and Hansen (1965). The channel in Figure 20 is much deeper than the

Badger Creek Sag. Western gravel was found in United States Geological
Survey Tests Holes drilied intc the channel. None has been found in the
btottom of the holes drilled into the Badger Creek Sag. The Missouri
River Trench (north of the Badger Creek Sag) in the area of pre-glacial
Cannonball River is the widest of any area in south-central North’Dakota.
This suggests that that part of the chaﬁnel is probably older. If it

had been us=d by the pre-glacial Cannonball River, this would be the case.

HISTORY OF THE SAKAKAWEA SEQUENCE

Dunn Glaciation

BEvidence for the outer limit of glaciation in North Dakota is

erratic boulders derived mainly from the Canadian Shield. Behind this
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Fig: 20 .—-Diagram showing a possible position of ihe preglacial
Cannonball River in south-central North Dakota.
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outer limit, the concentration of Eoulders is about one per linear mij,
vack to the border of the next younger glaciation,(Verone). It is
probable that these boulders are the result of several glaciations,
until evidence for this is found, it seems reasonable‘to accept this
uniform boulder conceﬁtraﬁion as being the resuli{ of one glaciation,
At present, no other evidence of this glacliation exists. |

Clayton (no date) called this initial glacial event the Dunn
Glaciation after Dunn County, North Dakota. The Dunn Glaciation is
pre-disconsinan in age; a more precise estimate of the age can not be
given. However, the following reasons suggest that the Dunn Glaciation
is very old., Clayton (no date) pointed out that an average of at least

60 meters of erosion has occurred since the Dunn Glaciation. This ero-

e e G Bt

sion destroyed any evidence of the ice-marginal channel that must have

existed to carry water south around the ice, As the Dunn ice advanced,
it blocked the northeastward drainage of the pre-glacial Cannonball and
other noritheastward flowing rivexrs foréing them to flow south around the
ice. Becauss the rivers probably remained blocked for a long time, an

ice-marginal channel formed. The large amount of esrosion, indicated by
lack of tiil and the presence of only scattered boulders, suggests thai

the Dunn Glaciation is very old.

The position of Emmons County (stipled pattern) in relation to
the Dunn glacial limit is shown in Figure 21.

After the retreat of the Dunn Glacier, the regional drainage may
have again shifted northeastward. If it did, it was subsequently

forced southward by ice for which there is as yet no conclusive evi-

dence. By the besginning of the next documented glaciation (Verone),
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Pig. 21.~~Diagramn showing the approxinate maximum positions of
the four known major glaciations with respect to Bmmons County, Forth
Dakota (speckled area).
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there is evidence to suggest that the major drainage was southward.

Verone Glaciation

The Verone Glaciation (Bickley, 1972) advanced across North Dakota
long after the Dunn Glacization. Two lines of evldence suggest the
existence of the Vercne Glacization, First, even though no till exists
in the area of the Verone Glaciation, the boulder concentration behind
the Verone glacial boundary is much grsater than (approximately 10 to
20 per linear mile), and just as uniform as, that of the Dunn Glaciation.
Second, an ice-marginal channel (the Glen Ulen, Flasher, Férﬁ Yates
channel) is present everywhere in front of the Vercne ice border.
Figure 21 shows the limit of the Verone Glaclation in North Dzkota.
The Verone Glaciation is post-Dunn and pre-~Napoleon in zge. The
preservation of the ice-marginal channel, due to much less erosion, in
front of the Verone glacial boundary suggests that the Verone Glaciation
is much younger than the Dunn Glaciation.
As the Verone ice advanced to the western part of Emmons County,
‘it blocked thé pre-Verone river that was flowing across séuthwestern
Emmons County, Figure 22. The ri#er was diverted along the front of
the Verone glacial limit into or near what is now the Missouri River
Trench., One of the widest spots in the Missouri River Trench in south- -
central Norih Dakota (over three miles wide) is in the area of the
diversion suggesting that this part of thg trench has bsen used for a

longer period of time than areas to the north or scuth of the diversion,

Napoleon Glaciation

After an extensives period of erosion, during which most of the
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Flg, 22,~-Diagran showing the location of a pre-~Verone
Glaciation river thought to have been diverted by the advancing
Verone ice,
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sediment related to the Verone Glaciaﬁion’was removed, the Napoleon
Glacier advanced across Emmons County. Figuré 21 shows the limit of
the Napoleon Glaciatien.

The lower part of the Braddock Formation is interpreted to be
the drift deposited by the Napoleon ice. Napoleon giacial sediment
occurs as a continuous blanket on the uplands in eastern-most Emmons
County. Here the drainage is still nonintegrated., West of the limit
of continuous glacial sediment, the drainage is largely inﬁegrated'and
the glacial sediment occurs in scattered patches; a few areas of non-
integrated drainage still remain in the area.

On the uplands in eastern Emmons and western Logan and McIntosh
Counties where the topography is nonintegrated and essentially unercoded,
the local relief is about 6 to 9 metexs. This suggests that the glacial
sediment here is about the same thickness (Clayton, 1967). West of the
area of continuous glacial sediment, the glacial sediment averages less ;
than 3 nmeters thick., In all but the northeastern corner of Emmons
County, the yellower, more sandy Napoleon glacial sediment is easily
distinguishable from the darker, brown 1o olive gray, clayey Lostwood ;@
glacial sediment,

The contaét betwean the two glacial sediments can best be seen
(Figure 10) in McIntosh County, at the type section of the Braddock and
Bmmons Formations. There, an irregular zone of carbonate accumulation
occurs at the top of the Napoleon sediment. This zone of accumulation
may be the Ceca horizon of a truncated soil, or the carbonate concen-
tration may be due to groundwater movement along the contact.

In the northeastern part of the county, the Napoleon glacial
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- sediment is lithologically indistinguishable from the overlying Lostwood
glacial sediment,

The direction of movement of the Napoleon ice can be obtained
from two lines of évidence. Linear ridges (Plate 1 and Figure 23) occur
in nortneastern Emmons County. These ridges occur in or on sandstone
and are confined to areas of the Napcleon Glaciation. They are inter-
preted to be subglacial scour marks made as the Napoleon ice advanced
over the area. Thelr orientation indicates the Napoleon ice flowed
southsouthwest, An alternative interpretation is that the ridges are
exhumed beach ridges in the Fok Hills Formation, If they were exhumed
by the Napoleon ice, the part of the ridge ﬁost likely to be preserved
would be that part of the ridge parallel to the direction of flow of the
ice. Thus they would still be an indicator of flow direction,

Napoleon glacial sediment is much sandier and contains fewer
shale pebbles than the Lostwood glacial sediment (excepting that glacial
sediment in the northeastern corner of the county). The high sand con- ‘ i
tent and the low shale content in the Napoleon glacial sediment suggests
that the Napoleon ice advanced from & northerly direction, rather than ﬁ
an easterly direction. The Fox Hills, Hell Creek, and Cannonball For-
mations (sources for the sand) outcrop and subcrop to the north, whereas
the Pierre Formation (shale) occurs to the east.

The Napolaon‘glacial sediment is much thinner than the younger
Lostwood glacial sediment. This indicates that it was deposited by a
cleaner lce sheet that contained less debris than the ice that deposited
the Lostwood glaéial sediment. This in turn suggesis that the flow

regime of the ice was different from that of the Lostwood ice. The
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Fig. 23.~-Picture showing linear ridges and depressions that
are thought to be subglacial scour features made by the ice of the
Napoleon Glaciation, These features are on Fox Hills Formation located
' in sec. 18 and 19, T. 135 N., R. 74 W., Emmons County, North Dakota
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Napoleon ice apparently did less scraping, grinding, abrading, and
gouging as it advanced into Emmons County than the Lostwood ice did.
This suggests that the flow direciion of the Napoleon ice was from the
north along the top of the Missouri Escarpment. In this situation,
flow would be parallel or even possibly extending. Whén this type gf
flow occurs, little material is eroded from the surface over which the
ice flows.

The flow direction suggested by the tex{ure, minerslogy, and
scour marks agrees generally with the flow direction suggested by the
Napoleon glacial border (Figure 21).

As with the Dunn and Verone Glaciations, no conclusive evidence
exists for the exact age of the Napoleon Glaciation. Thrse possible
dates (two absolute and one relative) have been obtained from materials
thought to be related to the Napoleon Glaciation. However, probvlems
exist with each date. KXume and Hansen (1965) found a horse jaw, Equus
hatcheri Hay, in Napoleson gravel in Burleigh County. The Jaw is thought
to be jre—wisconsinan 10 early Wisconsinan in age. Howe;er, this fossil
may have been eroded from older deposits. One radiocarbon date on
mollusks was greater than 38,000 B.P. However, this date may have been
contaminated by Tertiary mollusks (Kume and Hansen, 1965). Another
radiocarbon date from organic material considered to he Napoleon was
28,700 B.P.; however, Clayton (1966) thinks that the material dated
was Tertiary lignite contaminated by modern rootlets,

| Thus there are no reliable dates on the Napoleon Glaciation.
The degree of drainage integration suggesis that 1t occurred much

earlier than the Lostwood Glaciation. Soil development (the Williams
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and Zahl soil series ars developed on both Lostwood and Napoleon
glacial sediment) suggests that the Napoleon Glaciation is not extremely
old.

An age for the Napoleon Glaciation is suggested by oxygen iso-
tope curves from Greenland (Figure 24; Dansgaard and others, 1969).

The curve shows the climatic variations for the last 100,000 years
based oﬁ oxygen isotope ratios., This curve agrees generally with the
presently accepted worldwide climatic fluctuations,

The concentration of O4g in precipitation 1s controlled by the
temperature. The lower the temperature, the less the amount of O4g in
water, and thus the smaller 018/014 ratio.

The Napoleon glacial sediment is not strikingly more weathered
than the Lostwood glacial sediment, suggesting that it is probably not
pra-Wisconsinan., However, it probably is older than late ¥Wisconsinan
because of the more eroded topography. Thus, if the first cold periocd
in Figure 24 (approximately 13,000 to 23,000 B.P.) is considered to
represent the Lostwood Glaciation, then the Napoleon Glaciation may
have occurred during either the second (approximately 35,000 to
42,000 B.P.) or third (48,000 to 55,000 B.P.) céld episode, This is
purely speculative and until a posi~Napoleon slough chronology, volcanic
ash chronology, valid carbondating, or magnetic stratigraphy is obtained,
any age suggested for the Napoleon Glaciation is open to question.

- Aside from radiocarbon dating, magnetic stratigraphy offers per-
haps the best jromise for placing a minimum date on the Napoleon Glaci~
ation; if refinements of the magnetic time scale continue at their pres-

ent rate. It may be possible to use depositional remanent magnetisn
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Fig. 24.--Oxygen isotope cuxve taken from Dansgaard and others
(1969). The horizontal axis is the isotope composition of snow and ice
denoted by the relative deviation §(0;g) in per mille, of the 048/014
ratio from that of Standard Mean Ocean Water. :
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to recognize such magnetic events as the laschamp reversal in sloughs

“developed on the Napoleon surface.

Lostwood Glaciation

Ice of the Lostwood Glaciation was the last ice to advance
across Emmons County., Figure 25 shows the maximum extent of the Lost~-
wood Glaciation.

The Emmons Formation is interpreted to be glacial sediment and
part of the Four Bears Formation is interpreted to be fluvial and lacus-
trine sediments in association with ice of the Lostwood Glaciation in
southern Emmons County. Two phases, Cattall Creek and Zeeland, are

recognized within the Lostwood Glaciation in southern Emmons County,

Cattail Creek Phase

Ice of the Cattail Creek Phase of the Lostwood Glaciation prob-
ably advanced to its maximum position (Figure 26) before 17,000 B.P.’
(Figure 24)., Lack of "end moraine" type topography suggests the active
ice-margin remained in this maximum position for only a short period of
time before it retreated to a position behind the Zeeland Phase maximum

position.

Zeeland Phase

Roughly 15,000 B.P. {Figure 24) the ice of the Zeeland Phase of
the Lostwood Glaciation advanced to the position shown in FPigure 26,
The Zéeland End Moraine (Clayton, 1962) can be traced for a short dis-
tance (about 6 miles) into Emmons County.

Loess (Mallard Island Member of the Ozhe Formation) is preserved

on the glacial sediment deposited by the ice of the Cattall Creek Phase
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owing the probable extent of the Lostwood
Dots indicate location of

Fig. 25.~-Diagram sh
Glaciztion in Emmons County, North Dakota.
fossil tundra polygons.,
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FPig, 26,--Diagram showing probable extent of the three phases
of the Lostwood Glaciation, based on distribution of glacial sediment
interpreted to be Lostwood in age. ‘
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of the Lostwood Glaciation. The boundary between the Cattail Creek
and Zeeland Phases 1s placed‘where the loess of the Mallard Island Mem~
ber of the Qéhe Formation is no longexr present on Lostwood glacial
sediment. Since the ice of the Zeeland Phase stagnated later than the
of the Cattail Creek Phase, any loess of the Mallard Island Member of
the Ozhe Formation deposited in the Zeeland superglacial sediment was
indorporated into the glacial sediment as the ice &elted. The glacial
sediment of the two phases of the Lostwood Glaciation in southern
Emmons County are very similar and it is difficult to tell themrapart.
It may be impossible to do so, except where loess of the Mallard Izland
Member of the Ozhe Formation is preserved between them,

| The apparent shape of the Lostwood ice (Figurss 21 and 25) and
the orientation of the arcuate lineations interpreted to be washboard
moraines in Emmons County, indicate the Lostwood ice advanced from the
south and southeast, Tﬁe topography was responsible for this, Figure
27 is a topographic map of the bedrockksurface of south~central North
Dakota and noxrth~central South Dakota, The Lostwood Glacial limit is
shown on it as a dashed line, The Lost#cod ice followed the path of
least resistance as it flowed across eastern logan and MeIntosh Counties,
Yhen it came in contact with high topography in the central part of fhe
counties, it flowed southward into South Dakota around the topographic
high and then back into Emmons County. This path of movement accounts
for the high clay and shale content in the glacial sediment. Whilé the
ice was moving along this path, it was continuously on Plerre Formation,

© Cattail Cresk, Little Beaver Creek, Beaver Creek, and the South

Branch of Beaver Creek drained water away from the Lostwood ice in
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, Fig, 27.--Diagram showing position of the Lostwood glacial
1limit with respect to the topographic high (2000 feet and above) in
south-central North Dakota.,
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southern Emmons County. The South Branch of Beaver Creeck may have been
‘cut as a result of the advance of the Lostwood Ice, The Lostwood
glacial advance into southern Emmons County blocked the generaily west-~
ward drainage of the streams in that area. When this occurred, water
was channeled around the margin of the ice sheet into Beaver Creek. As

this happened, the valley for the South Branch of Beaver Creek was cut.

Long Lake Phase

Figure 26 shows the limit of Long Lake Phase of the Lostwood

Glaciation.
The upper part of the Braddock Formation and most of the Four

Bears Formation in northeastern Emmons County are interpreted to be

glaclial sediment and associated fluvial and lacustrine sediments depos-
ited by the ice of the Long Lake Phase, The sediment deposited by the

ice of the Long lLake Phase can generally be separated from the older

sediment of the Napoleon Glaciation by its nonintegrated, uneroded
appearance, Texturally, the composition of the sediment of these two
glacial.events is very similar.

The trench of the Long Lake Creek drained water away from the
Long Lake ice margin in Emmons County north into glaclal Lake McKenzie
in central Burleigh County. ’

The age of the Long Lake Phase is unknown, tut the lack of devel-
opmant of drainage on the Long Lake surface suggests that it 1s late
Wiscoﬁsinan. Clayton (1962) and Kume and Hansen (1965) reported that
the glacial sediment deposited by ths ice of the Long Lake Phase appears
to be overlapped by sediment of the Burnstad Phase in Logan and Burieigh

Counties, I this is so, the Long Lake Phase is pre-Burnstad, DNo
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loess of the Mallard Island Member of the Oahe Formatioﬂ occurs on the
-sediment of the Long iakekPhase indicating that it is younger than the
Cattaill Crezek Phase, The Lonz lake Phase may be the same age as the
Zeeland Phase in Eamons County, but no evidence exists to prove or
disprove that the two events wers contemporansous.

Stagnation of the Lostwood Glacier in Emmons County probably
began about 13,000 to 12,000 B.P. A= the ice melted, the glacial
topography seen today began to form,

As the ice melted, englacial debris accumulated on top of the
ice, As the debris thickened, it insulated the lce from melting:
melting occurred more slowly. After the ice was insulated, vegetation
migrated onto the debris-covered ice, lakes formed, and an environment
very similar to present day north-ceniral Minnesota‘developed (Bickley,
1970; Thompson, 1962; McAndrews, Stewart, and Bright, 1967; and

McAndrsws, 1967).

Lake McKenzie

Immediately before the Lostwood Glaciation, the Missouri River
flowed across southern Emmons County in the Strasburg Channel. Kume
and Hansen (1965) mapped the deposits of Lake McKenzie in Burleigh
County; they suggested that the lake formed as a result of Lostwood ice
blocking the Missouri River in the Strasburg Channel, although they gave
no evidence for it, EBEvidence from Emmons County indicates that this
in Fact is the only likely explanation for the origin of Lake NeKenzie.
Figure 28 shows the minimum extent of Lake McKenzie baséd/on
preservation of lake sediment in Burleigh County. The map shows that |

water backed up into the Strasburg Channel behind the ice until it
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Fig. 28,--Diagram showing the maximum probable extent of Lake
McKenzie based on the 1750 foot contour. '
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covered the area originally mapped as Lake McKenzie. More than 15
meters of lake silt and clay of the Four Bears Formation have bezen
recovered from holes drilled into the Sirasburg Channel. This lake
sediment 1is gost~Napoleon>because it has no glacial sediment on top of
it., No other place where the lake could have been dammed is known to
exist, Lake McKenzie existed until after the lake rose to an elevation
where it was able to flow over the drainage divide to the southwsst into
a much older part of‘the Missourl River Trench. The new section of
channel cut through the drainage divide is the narrowest part of the

Missourli River Trench in south-central North Dakota.

Lake Standing Rock

Lake Standing Rock formed when ice advanced across the Missouri :
River Trench in north-central South Dakota. The age of the lake is not
known, but the occurrence of lake sedimeht below the "30-foot terrace"
(thought to be late Lostwood in age) indicates the lake is at least
early Lostwond in age. It may be much older. Lake sediment of Lake
Standing Rock is known to occur at the following locations: Sﬁ% sse, 31,
T, 129 N., R. 79 W.: NE} and SEf sec, 13, T. 130 N., R. 80 W.3; SE% and

NE: see. 29, T. 131 N., R. 79 W.; and sec. 28, T. 131 N., R. 80 ¥.

Lostwood Permafrost Episode

'Perméfrost is a characteristic feature of cold climates. While
nodern permafrost has besen noted frequently in Alaska, Canada, Burope,
and Asia, very little evidence for permafrost related to Pleistocene

glaciation in central North America has been noted. Clayton and Bailey

(1970) documented Pleistocene parmafrost in westerm North Dakota.
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Others who have documented such features include Black (1969), Wayne
(1967), Sharp (1942), and Morgan (1972). The fact that very few geol-
ogists have seen permafrost features (probably because they were over-
looking them) has led to the misconception that there was no perma-
frost associated with the latz Wisconsinan Glaciation. Figure 25 shows
the location of permafrost polygons in Emmons County., Figures 29 shows
ong of the larger polygons in Emmons County, and Figure 30 shows the
modern polygons in Alaska, Most of the polygons plotted on the map in
Figure 25 are 15 to 34 meters across, but the largest one seen in
Figure 29 is greater than 90 meters across. Almost all of the perma-
frost polygons seen in Bmmons County occur on surfaces not covered by
ice of the Lostwood Glaciation, probably because the polygons foxrm only
during glacial advance (a cold climate) and not during the retreat of
the ice (2 warm climate), The thxee polygons that occur on the Lostwood
surface are on material deposited by the ice of the earlier Cattail
Creek Phase. Work by Morgan (1972) appears to confirm the interpre-
tation that permafrost conditions exist only during times of glacial

advance.

Thirty-Foot Missouri River terrace

One of the prominent features along the ﬁissouri River is the
"30-foot" terrace, This ilerrace probably formed during the Lostwood
Glaciation because the loess of the Mallard Island Member of the Oahe
Formétion that occurs on the Céttail Creek surface is not’found on the
terrace,‘whereas the loess of the Aggie Brown Member and the Riverdale

Membexr, which are Holocene in age, (discussed in ithe following section)
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Fig. 29.--Air photo picture of fossil tundra polygons in sec.
22, T, 132 N., R. 77 W., Emmons County, North Dakota.

Plg. 30,--Oblique aerial‘photograph of large-scale polygonal
ground in the Donnelly Dome area, Alaska (from Pewe and others, 1969).




123




124
do occur on the terrace. The "30-foot" surface also appears to correlate
(based on elevations from 74 minute topographic map sheets) with surfaces
related to the Lostwood Glaciation, along Painted Woods Creek in Bur-
leigh County and the Middle Branch of Douglas Creek in McLean County,

Hillslope stability during the laie
Pleistocene (last 12,000 years)

The history of the late Pleistocene of Emmons County and south-
central North Dakota, as interpreted from sediment of the Coteau, Denbigh,
and Oahe Formations, can best be discussed in terms of hillslope sta-
bility and instability.

According to Schumm {(1965), hillslope stability is largely con=-
trolled by variations in overland flow and vegetation, which are in turn
controlled by precipitation and temperature., Figure 31 shows that sedi-
ment yield from hillslopes increases rapidly as effective precipitation
increases in warm areas, because of an increase in overland flow. The
increased overland flow does not supply enocugh moisture to support a
protective vegetétion cover, Just the opposite situation occurs on the
other side of the curve in Figure 31. In moist areas, increased effec~
tive precipitation causes a decreased sediment yield, even though over-
land flow is greater. Here the increased moisture is enough to support
a protective vegstation cover. In genersal, molist climates are associated
with cool conditions and dry climates are associated with warm conditions.

. The peaks of the curves in Figure 31 éorr33pond to‘the transi~
tion from desert shrubs to prairie grass. Thus a dry period would canse
increased sediment yield in a cool, moist area like North Dzkota énd a

decreased sediment yleld in & warm, dry area like Arizona. In North




Fig. 31.--Curves illustrating the effect of the temperature
on the relation between mean annual sediment yield and mean annual
precipitation (modified from Schumm, 1965).
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Dakota, warmer, drier episodes should be accompanied By hillslope
erosion, increased eollan activity, alluviation, and depositions of
large amounts of coarss, nonorgenic sediment in sloughs, whereas coolér,
moister periods should be accompanied by soil formation, decreased
eolian activity, and the deposition of gmaller amounts of organic sedi-
ment in postglacial sloughs (Bickley, 1972; Bickley and Clayton, 1972;
GClayton and Moran, 19713 and Hamilton, 1967).

Using this theory and the c¢climatic chronoiogy generally accepted
for the last 15,000 years (Bryson, Baerris, and Wendland, 1970), the
following sequence of events can be interpreted. Deposition of the loess
of the Mallaxd Island Member of the Qaﬁe Formation began, during what
is here designated the McCarny Unstable Episode, with the initation of
the Lostwood Glaciation and continued for as long as meltwater was
flowing into the Missouri River, Most of the loess appears to have 5een
derived from the Missouri River flood plain, About the time meltwater
flow had ceased (13,000 to 12,000 B.P.) what is here designated as the
-Leonard Stable Episode began, ’Spruce woodland migrated into the area
(McAndrews, 1967; Moir, 1958; and Bickley, 1972). dnder the forested
condition, the paleosol of the Aggie Brown Member of the Oahe Formation
formed. Development of the forest soll continued until a warming cli-
mate caused the vegetation to change to grass about 10,000 B.P., then
a prairie soil began to develop. As the climate became warmer and drier,
hillslope stability decreased, and about 8500 B.P. what 1s here deéignated
the Wolf Creek Unstable Episadebbegan. At this time, deposition of the
loess of the Riverdale Member of the Oahe Formation began, During this

time, barchans formed on the flood plains, lake plains, and other areas
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where a source of sand existed. In Emmons County these areas include
- the Cattail Creek valley, Sand Creek valley, Beaver Creek valley, and
the Strasburg Channel. About 4300 B.P. the climate became cooler and
moister and what is here designated the Thompson Stable Episode began.
The Thompson Soil (Figure 18) formed under tall grass vegetation. The
increased sod cover also stabilized the sand dunés.
In the late Holocene, the climate again became warmer and drier.
During what is here designated the Gérrison Unstable Episode, deposition
of gray loess (Riverdale Member of the Oahe Formation) began again. |
The Jules Palecsol (Figure 32) formed during the cool, moist Jules
Stable Episode that followed (Hamilton, 1967). Development of the Jules
36411 continued until about 1928 when the "Dirty Thirties" Unstable
Episode began., During the "Dirty Thirties" sod cover thinned, hill-
slopes became more unstable, and eolian activity increased. Barchans,
formed during the ﬁolf Cresk Unstable Episode (Middle Holocene), were
modified into blow out dunes. PFigure 33 is an air photo taken of the
Sand Creek area in 1938, about the end of the "Dirty Thirties." Figure
3 is an air photo of the sams aiea in 1961. About 1938, when the
climate again became cooler and moister, what is here deéignated the
Mandan Stable BEpisode began, Development of the modern soll began at
this time, |
This history discussed in the preceeding paﬁagraphs agrees with

the history developed from the sfudy of postglacial sloughs (Coteau For-
‘mation) (Cvancara and others, 1971; Bickley, 1970; and Bickley and
Claytén, 1972). The general stratigraphic seguence (Figure 35) in the

sloughs from top to bottom is as follows: (1) boulder clay; (2) lam-
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Fig. 32.--Picture showing Jules Paleosol (?) in Emmons County,
Nozrth Dakota,
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Fig, 33.--Air photo of sec, 32, T. 133 N., R. 77 W. along
Sand Creek., The alr photo was taken in 1938 at the end of the "Dirty-
Thirties" Unstable Episode. The white areas are active eolian dunes,

|
|
|
l
t
|
|
‘?
|

Fig. 34.~-Alr photo picture of the area shown in Figure 33,
This picture was taken in 1961 during the Mandan Stable Episode.
Vegetation has now moved onto the dunes and stabilized them,
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Fig, 35.-~Correlation of the stratigraphy of mid-continent
postglacial slough sequences (modified from Bickley a.nd Clayton, 1972).
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inated silt and clay; (3) trojenite; (&) organic clay and silt; (5)
sandy silt; and (6) organic silt and clay (similar to unit four).

The sedimentologic and paleontologic evidence from the sloughs
is interpreted as follows. Unit one is glacial sediment deposited by
the ice of the Lostwood Glaciation. Unit two is lake sediment deposited
during the cool, moist postglacial climate immediately following gla-
ciation, but before the hillslopes were stabilized by vegetation (the
McCarny Unstable Episode). Unit three was deposited in a pond surrounded
by spruce woodland, A radiocarbon date of 9750 + 140 B.P,.,, from the Sei-
bold Slough (Bickley, 1970), was obtained on beaver-gnawed uoéd taken
from this unit, This date and the fossils suggest that the Aggle Brown
Member and the Seibold Bed (unit three) are different expressions of the
same event, development of the spruce woodland and the environment
related to it (Leonard Stable Episode)., Unit four is interpreted to have
beén deposited during the time after préirie grass replaced spruce wood-
land as the predoﬁinant vegetation (Leonard Stable Episcde). Unit five
was deposited during the middle Holocene (Wolf Creek Unstable Episode),
During this time, large amounts of coarse materials were eroded from the
hillslopes intco the slougha due to the decreased sod cover caused by the
wvarmer, drier climate, Unit six was deposited unde; the cooler, moister
conditions of modern time (Thompson through Mandan Stable and Unstable
Episodes),

Soils and their usefulness as a means of
correlating Quaternary successions

The hypothesis that soil formation in the mid-continent occurs

during cool, moist episodes disagrees with the generally accepted theory
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of soil formation (Morrison, 1968). it is generally theorized that soils
form under stable conditions which occur during warm’periods. Because
warm conditions occur over large areas, 1t is believed that soils ars
useful interregional (even worldwide) time-stratigraphic markers and are
the best means of correlating Quatsrnary successions.

Most work with solls has been in the warm, dry socuthwestern part
of the Unitsd States. These areas are on the left side of the curves in
Figure 31, So while within the warm, dry southwest, s0il formation does
occur during warm, stable episodes, the extension of this theory to
- other reglons and even other parts of the world is probably invalid
because the conditions that determine stability vary from region to
region,

Soil forming episocdes within warm, dry regions occur wheq the
climate is warmer and drier, Soil forming episodes within cool, moist
regions occur when the climate is cooler and wetter.

I think that soils can be useful regionai time—stratigraphic
markers. The soils formed during the Aggie Brown, Thompsen,'and Jules
Stable Episodes appear to be, though radiocarbon dating is needed to
verify this. Interregionally, however, these soils may not be useful as
time-stratigraphic markers, Since stability occurs in response to dif-
ferent conditions in different areas, soil formation is probably cut of

phase in cool, moist and warm, dry areas.

SUMMARY

Figurs 36 is a time-space diagram which summarizes the late

Cenozoic history of south-central North Dakota.




137

.
Fig. 36.--Time-space diagram of the late Cenozolc history of
south~central North Dakota,
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CONCLUSIONS

(1) The sediment of the Tejas (?) Sequence should be divided
into two sequences., The upper part, named for the Sakakawea Sequence
(Pleistocene) in this report, is characterized‘by bouldery, cobbly, peb-
bly, sandy, silty clay. The lower part is retained as the Tejas (?)
Sequence., On the North American craton, 1t is characterized by gravel
composed of cobbles and pebbles of porphyry, quartzite, and argillite
and by sand, silt, and clay containing scattered lignite fragments.

. (2) The Coleharbor Group (Bluemle, 1971a) should be redefined
to include material defined as Walsh Formation (Bluemle, in press).
Descriptive mepping in Emmons County has demonstrated that the Walsh
Formation is not & practical unit,

(3) Nine lithostratigraphic units are recognized within the Cole-
harvor Group,.

The Braddock Formation {Wisconsinan) is composed mostly of yel-
low to olive brown, massive to jJointed, bouldery, cobbly, pebbly,
sandy, silty clay, Gravel and sand facles and silt and clay facies make
up minor parts of it. The Braddock Formation is mostly glacial sedi-
ment. It is the lowest recognized»lithcstratigraphic unit of the Cole~-
harbor Group.

The Emmons Formation {late Wisconsinan) overlies the Braddock
Formation. It is brown to olive gray, massive, bouldery, cobbly, peb-

139




140
bly, slightly sandy, silty clay, Minor amounté of the formation are
gravel and sand facies and silt and cla& facies., The Eﬁmcns Formation
is mostly glacial sediment.

The Four Bears Formation (Wisconsinan) overlies the Emmons Forma-
tion and older units, The unit consists of a sand and gravel facies and
2 silt and clay facies. The sand énd gravel facies consists of poorly-
sorted, flat-bedded, nonorganic sand and gravel derived locally and
from the Canadian Shield., The silt and clay facies generally haa
rhythnic flat-bedding and is composed mostly of carbonate, montﬁoriiu
lonite, quartz, and feldspar,

The sand and gravel facies is mostly fluvial sediment, and the
silt and clay facles is mostly lacustrine sediment.

The Coteau Formation (Holocene) overlies the Four Bears Formation,
The unit consists of a brown to black, Qrganic, poorly-sorted, slightly
sandy, clayey sili facies and a brown to gray, poorly-sorted, organic,
slightly pebvly, sandy silt and c¢lay faecies. The first facies is slough
sgdiment, and the second facies is colluvial‘and alluvial sediment.

The Denbi,gh Formation (Holocene) overlies the Coteau Formation,
The unit consists of buff brown, nonorganic, well-sorted sand with some
large-scale crossbedding, The Denbigh Forxmation is mostly eolian
sediment.

The Ozhe Formation (late Wisconsinan and Holocene) overlies the
Denbigh Formation. The Oshe Formation consists of yellow, red to red
brown, or gray, coarse silt and fine sand. It is mostly eolian sedi-
ment’(loess). ThéVOahe Formation has been divided into three members:

the Mallard Island, Aggie Brown, and Riverdale Members., The Mallard
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Islénd Member (late Wisconsinan) is the lowest member of the Oahe For-
mation. It consists of unbedded, yellow to yellow brown, coarse silt,
The Mallard Island Member is mostly eolian sediment (loess). The Aggie
Brown Member (late Wisconsinan to early Holocéne) overiies the Mallard
Island Member, This unit is brown to red brown, slightly clayey silt,
The Aggie Brown Member contains at least one paleosol, It is mostly
eolian sediment (loess), The Riverdale Member (middle and late Holocene)
overlies the Aggie Brown Member, It is unbedded, light to dark gray,
coarse silt, Several locally continmuous organic horizons occcur in the
unit, The Riverdale Member is mostly eolian sediment (loess).

(4) Four major glaciations are recognized in Emmons County. They
are the Dumn (pre-Wisconsinan), Verone (post-Dunn and pre-Napoleon),
Napoleon (early Wisconsinan?), and Lostwood (late Wisconsinan) Glacia-
tions.

(5) Three phases, Cattail Cresk, Long lake, and Zeeland, are
recognized within the Lostwood Glaciations. The Long LakerPhase may be
contemporaneous with the Zeesland Phase,

(6) Permafrost conditions existed during the advance of the Lost-
wood Glaciation. Permafrost polygons exist on all glaciated surfaces
except the very youngest (the Zeeland and Long Lake) surfaces, Perma-
frost conditions do not exist when ice retreats (under a nonglacial
climate), thus permafrost polygons did not form on the very youngest
glacial surfaces.

(7) Lake McKenzie and Lake Standing Rock formed when ice dammed
the Missouri River. Lake McKenzie formed when ice of the Catitail Cresek

Phase blocked the flow of the Missouri River in the Sirasburg Channel,
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Lake StandingARock probably formed whan ice dammed the Missouri River
in north-central South Dakota., Its age is not known.

(8) The "30~foot" Missouri River terrace is tentatively correlated
with the Lostwood Glaciation,

(9) The histoxry of approximately the last 12,000 years has been
one of cyclic stability and unstability. Stability is related to
vegetation and runoff, which are controlled by precipitation and tem=~
perature, In warm, dry areas (like Arizona), stability occurs when the
climate is warmer and drier. In cool, moist areas (like North Dakota),
stability occuré when the climate is cooler and moister.

(10) Soil forms during stable episodes.

(11) Soils are not good interregional, chronologic markers.
Stability occurs in response to different conditions in different cli-

matic regions, Thus soil formation is probably out of phase between

the different climatic regions.,




APPENDIX I
DRILL-HOLE LOCS AND TEXTURAL ANALYSIS

A truck mounted auger was used to collect subsurface samples,
All stratigraphic samples, except the first one in each hole, were
taken at five foot intervals unless noted in the sample description.
The first sample in each hole was taken at a depth df four feet., All
subsurface sections are described from top to bottom., Where it is

definitely known, the origin is given.

DEM 1: 0.5 miles east of nortnwest cornzr of sec, 28, T, 129 H.,

R. 74 W.
Position Texture Pield Descrintion
{(Sand~5i1t~Clay ~
Per cent)

DEWM 1.1 21.9 33.6 4.5 Pill?

DEM 1,2 19.0 35.5 43,5 Brown to dark brown, siliy clay;
slightly sandy; many shale frag-
ments, lgneous and carbonate peb-
bles; reddish brown iron stain on
joints; till.

DEM 1.3 17.7 33.7 48.6 Brown to dark brown, silty clay;
slightly sandy; many shale pebbles;
one granitic cobble; hbrown stain
along Joints; till,

q DEM 1.4 17.6 32.0 50.4 Dark brown, silty clay; slightly
E - sandy; many shale fragments and
& carbonate pebbles; yellow broun to
i red brown stain along joints; more
3 compact at 20 feet (drilling a
4 ittle harder); till.
17.6 bz, 40,1 Brown to dark brown, silty clay:
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DEM 1.6

DEM 1.7

DEM 1.8

DEM 1.9

DEM 1,10

DEM 1,11

DEM 1.12

DEM 1.13

16,1 36.8 47,1
13.7 41,2 45,1

13.5 31.4 55,1

13.9 29.8 56.3

12.9 30.7 56.4

12.7 29.3 58.0

13,9 37.0 49,1

SUT

many shale, some carconate, and
igneous pebbles; 1 to 2 feet thick
gravelly sand lens at about 22 feet;
yellow brown stain along joints;
till.

Brown to dark brown, silty clay;
carbonate, lgneocus, and many shale
pebbles; yellow brown stain along
Jointss; many clay balls; some gyp-
sum fragments; material ssems to
have more stones in it than above;
tiil.

Brown, silty clay: shale, carbonats,
and igneous pebbles; slightly sandy;
very little stain; fewer stones than
drill flight atrove; till,

Dark brown to brown, silty clay;

numerous carbonate and shale peb-
bles; red brown iron stain along

Joints; ti1l,

Dark brown, silty clay; red and yel-
low brown iron stain along Jjointsg
shale, carbonate, and igneous peb-
bless sand lens near bottom of
flight; $ill,

Brown to dark brown, silty clay;

snale fragments and carbonate peb-
bles; some light colored lenses of
clay; very little sand: red to yel-
low brown stain along Jjointss till,

Brown, silty clay; very little sandg
fewer pebbles; only shale fragments
seen; some brown staln along jJoints;
hard and compact; till.

Dark brown, silty clay; very little
sand; shale fragments; material
looks slightly differsnt at about
5l feets more sand; brown to dark
brown stain along joints; till.

Brown to dark brown, silty clay;
shale fragments and a few carbonate
pebbles; some red brown stain along
Joiats; hard drilling at first
(boulder present?), very stoney; till.
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DEM 1.14 14,6 33.7 51.7 Blue gray, sandy, silty clay; p=bbly
(chert, carbonate, and igneous);
some yellow brown stain along
Jjoints; Dreaks esasier and appears to
be more silty (easier drilling at
62 feet); till,

DEM 1.15 15.3 4i.2 43,5 Blue gray, sandy, silty clay; peb-
bles (some shale, numerous carbon=
ate and igneous); red to yellow
brown stain along joints; some
lenses of silt and fine sand; till,

DEM 2¢ 0.4 miles east of southwest corner of see. 14, T. 129 M.,
R, 75 ¥.

Pasition : Texture Field Description
(5and-Silt-Clay
Per cent)

DEM 2.1 16.9 28,1 55.0 Brown, silty clay; contains shale
and small carionate concretionsg
red brown stain along Joints; till.,

DEM 2.2 16,4 29.9 53.7 Dark vrown, silty clay; shale frag-
ments and carbonats pebbles; red

brown stain along Joints; slightly
more sandy than first sample; till,

o

16.6 30.3 53.0 Brown to dark brown, silty clay;
shale and carbonate pebbles; carbon-
ate stringers and red brown stain
along jointss till.

18.4 36.6 45,0 Brown to dark brown, silty clay;
contalins some sand lenses; red brown
stain along joints: contains shals,
ignsous, and a few carbonate pebbles;
carbonate stringers seen throughout;
till,

16.0 L40.2 413.8 Brown to dark brown, silty clay;
numercus shale, some carbonate and
igneous pebbles; some brown sitain
alongz joints; few silt lenses
scattered throughout; till.

24,1 31.8 44,1 Rrown, silty clay; shale and 2 fe
carbonate pebbles: yellow brown
stain along Joints; sand lenseas
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spread throughout the clay; (looks
slightly different); till,

DEM 2.7 16,9 43.1 40,0 Dark brown, silty clay; red brown
stain along jointsi shale and
carbonate pebbles; clay contains
numerous scattered grains of coarse
sand; compact; till,

DEM 2.8 13.6 36.0 50,5 Brown to dark brown, silty clay;

: (does not appear to be as silty as
above); some shale, a few igneous,
and carbonate pebbles (pebble
abundance not as great as above);
‘sandier; lacks apvarent staining:
different till (2).

DEM 2.9 13.8 45,1 41,0 Brown, silty clay; appedrs to be
, slightly sandier; few pebbles; real
gumbo (sticky string stuck in hole);
till.

, DEM 3: 0.1 mile north of southeast corner of sec. 22, T. 130 N.,
] R. 7’3’ {'Iv i

Position Texture Field Description
1 (Sand-silt~Clay
3 Per cent)

DEM 3,1 17.1 37.7 45,2 Brown, silty clay; cobbles and pab-
‘ bles (shale and igneous); carbonate

: siringers; material appears to be

i slightly sandy; brown stain; till.

o DEM 3.2 17.6 43.3 37.0 Brown, silty clay; red brown stain
along Jjoints; shale, igneous, and
carbonate pebblesy a few silt
lensesy little sand seeny till.

DEM 3.3 17.6 38.1 44,3 Brown to dark brown, silty clayj
‘ contains shale, igneous, and carbon-
ate pebbles; red and yellow brown
stain along Joints; very little
sand and a few silt lenses scattiersd
throughout; +ill.

DEM 3.4 16,3 41,2 42.5 Brown to dark brown, silty clay;
g P“
many shale, some carvonate, and a
faw igneous pebivles; red brown stain
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along Joints; few carbonate string-
ers; (easy drilling); till.

DEM 3.5 10.9 Lé6.7 L2.4 Brown to dark brown, slightly sandy,
silty clay; contains shale and
carbonate pebbles; brown stain along
Jjoints; material may bs a slightly
lighter colox; a few carbonate
stringers and silt lenses; till,

DEM 3.6 23.1 31.6 45,3 Brown, silty clay; contains carbon-~
ate and shale pebbles; brown stain
along Joints; a few carbonate
stringers; wetter and more compact
ut easier drilling: till.

DEM 3.7 24,6 37.4 38,0 Brown to dark brown, silty clay;
large shale and a few carbonate peb~
bless brown staln along Joints; a
foot~thick sand lens at about 32
feety clay very wet and compact;
no carbonate stringers; till.

DEM 3.8 24,6 35,8 39.6 Brown, slightly sandy, silty clay:
’ ' contains a few carbonate and shale
pebbles; {(maybe a second till7):
flowing sand lens at avout 36 to 38
feet; till.

1

DEM 3.9 32.6 29.5 38.0 Brown to dark brown, silty clay;
slightly sandys shale and carbhonate
pebbles; red brown stain along
Jointsy till.

DEM 3,10 22.8 32,1 45.1 Blue gray sandy, silty clay; con~
tains carbonate and a very few shale
pebblesy till,

DEM 4: 0.2 miles west of southeast corner of sec, 16, T. 130 N.,

R, 75 ¥W.
Position Texture Field Description
(Sand-Silt-Clay

Per cent)

DEM 4,1 57.0 17.83 15.3 Brown, silty clay; contains little
sand; a few carbonate pebbles; a
small amount of red brown oxidation;:

+ .

carbonale siringers present; sand
lens at 4 to 5 feet; till.,




DEM 4.2

DEE’I L;’ . 3

DEM &4,k

DEM 4.5

DEHX 4,6

DEM 4,7

DEM 4,8

DEM &.9

DEM 4,10

35.2 46,3

14,8 40,0 45,2

18.1

20.5

19,1

19.8

18.0

39.1 42,9

344 b5l

'35-1 L"5u8

38.5 41,8

2.4 49,4

19.5 40.8 39,7

15.9

38.9 45,2

‘Blue gray clays slightly sandy; con-
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Brown, silty clay; slightly sandy;
shale and carbonate pebbles; carbon-
ate stringers; red brown to yellow
brown stain along Joints; till.

Brown, silty clay; shale and carbon-
ate pebblesi yellow brown stain
along joints; contains silt lenses
and carbonate stringers; some gypsum
also present; till.

Dark brown to gray brown, silty clay;
slightly sandy; contains shale and
carbtonate pebbles; clay is very comn-
pact and wet; red brown to yellow

‘brown stain along Joints; till.

Brown to dark brown, silty clay:
slightly sandy; contains shale frag-
ments and small carbonate pebbles;
red to yellow brown stain along
Jjoints; some silt lenses present;
clay very compact; till,

Brown to dark brown, silty clay;
somne grayer coloring:; slightly
sandy; clay contains shale and
carbonate pebbles; yellow brown
stain along Jjoints; material noti as
compact as above; till.

Blue, gray, silty clay (at 29 feet);
seens more silty and sandy; shale and
carbonate pebbles; red brown stain
along Joints:; some sand lenses and
gypsum present; till,

Blue gray, sandy, silty clay:;
carbonate and a few shale pebbles
present; little evidence of stain
seen; till.

Blue gray, sandy clay; carbonate,
igneous, and shale pebbles present;
a little brown stzin along Joints:y
till.

tains carbonate and shale (few) peb-
bles; some of the carbonate pebbles
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are cobble size (2 inches); till..

DEM 4,11 18.7 41.7 40,0 Blue gray, slightly pebbly, slightly
sandy, silty clay; few carbonate
pebbles (slightly more sandy and a
little less pebbly than akove);

i till,
DEM L ,12 Blue gray, silty clay; contains
1 carbonate and shale pebbles; no
| ; stain noticed; this hole appears to

have a sand content slightly higher
than those before (?); till.

DEM 4,13 15.8 35,7 48,5 Blue gray clay; appears to be less
sandier than above; carbonate and
shale pebbles present, tut not very
abundant; till.

DEM 5: 0.1 mile north of scutheast corner of sec, 23, T. 129 N.,
R, 76 U, ,

Position Texture Flield Description
(Sand~Silt-Clay
Per cent)

Brown silt; 23 feet thick; (1loess).

DEM 5.1 16.7 33.% 50.0 Brown, slightly sandy, silty clay;
contains shale and carbonate pebblesy
red brown staln along joints; caxr-
bonate stringers: sand lenses; till,

DEM 5.2 23.9 3.6 41,4 Brown, slightly sandy, silty clay;
yellow brown to red brown stain
along Jjoints; contains shale and
carbonate pebbles; appears slightly
more silty; some sand lenses pre-
senty till.

DEM 5.3 21,7 35.5 42.8 Brown, sandy, silty clay; contains
carbonate pebbles and a few shale
fragments; there appears to be an
oxidation zene at about 12 feet that
may e the contact of another
111 (7)) till.

DEM 5.4 2.7 53.8 43.5 Brown, silty clay with a few shale
and carbonate pebbles; some rad
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brown to yellow brown stain along
Joints; appears very silty; 2 sam-
ples taken; till (7).

DEM 5,5 1.2 57.4 4.4 Brown, silty clay; contains a few
carbonate pebbless; slight amount of
stain along joints (red to yellew
brown in color); some silt balls; no
shale fragments seen; till (?).

DEM 5,6 1.8 63.1 35.1 Blue gray, silty clay with very few
pebbles {only carbonate); some car-
bonate stringers scattered through-
out; little evidence of staing
ti11 (7).

DEM 6: 0.2 miles north of southeast corner of sec, 27, T« 130 N.,
R, 77 W. :

Position Texture Field Description
(Sand~-Silt-Clay :
Per cent)

Brown silt; 3-feet thick; (loess),

DEM 6.1 28.0 35.0 37.0 Brown, slightly sandy, silty clay;
contains very few pebbles (mostly
shale, but some carbonate also pre=.
sent) s clay contains carbonate
stringers and has brown stain along
fractures; till,

DEM 6,2 12,2 32.1 54.7 Brown to dark brown, slightly sandy,
silty clay: contains shale and car-
bonate pebbles; red to yellow brown
staln present along fractures; more
pebbly at bottom of the flight at
about 9 feets till.

DEM 6.3 17.5 34,3 48.4 Brown to dark brown, silty clay;
slightly sandy; shale, carbonate,
- and igncous (few) pebbles; clay
appears to be stonier than above;
very compact: yellow brown stain
along Jjoints; till,

DEM 6.4 18.7 34,0 47,2 Dark brown to brown, slightly sandy,
silty clay; contains shale and car-
bonate pebbles; some large sand
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gralns; carbonate stringers; browm
stain along Joints; till,

DEiM 6,5 19.0 35.5 43,5 Brown, slightly sandy, silty clay;
V carbonate and shale pebbless brown
stain along Joints; some cobbles 1

to 2 inches in diameter; +till.

DEM 6,6 16.0 30.0 54,0 Brown, slightly sandy, silty clay;
contains shale and carbonate peb-
bles; carbonate stringers: brown
stain along joints; small amount of
gypsum present: till,

DEM 6,7 17.1 29.7 53,3 Brown to dark brown, slightly sandy,
silty clay; contains a few pebbles
(sbale and carbonate); carbonate
stringers present; stain along
Joints and fractures; till.

DEM 7: 0.1 mile west of northeast corner of sec., 30, T. 131 N.,

R, 74 Y.
Position Texture Field Descripiion
(Sand-5i1t-Clay
Per cent)

DEM 7.1 16.5 33.9 50,0 Brown, silty clay with small amounts

of sand; contains pebbles (carbonate

- and shale); yellow brown stain
along Joints and fractures; carbon-
ate stringers; till.

DEM 7.2 22.0 34,6 43,5 Brown, silty clay with pebbles

‘ (shale and carbonate): yellow to red
brown stain along joints; some car~
bonate and silty stringers scatiered
throughout; till,

DEM 7.3 19.3 39.8 40.9 Brown, silty clay with slightly noxe
sand than above; shale and carbonata
pebbles; red brown stain along
Jjoints; a few carbonate stringers;
i1,

DEM 7.4 18.7 42,3 79,1 Brown, slightly sandy, silty clay;

contains shale and carbonate pebbles
(few granite pebbles also seen);




DEM 7.5

DEM 7,6

DEM 7.8

o
B

B 7.9

DEM 7.10

DEM 7.11

18.4 44,1 37.6

15.5 40,9 43,7

16,5 36,7 46.8

15.6 36.7 47.7

14,6 3,4 51,0

15.0 31,2 53,8

13.2 27.1 59.7

11.8 30,3 57.9
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small amount of yellow brown weath-
ering or stain along joints: there
ars a few silt lenses scattered
throughout: +111. '

Brown, slightly sandy, silty clay;
contains pebbles {carbonate and a
few shale); brown siain along
Jjointsy some gypsum; clay appears to
b2 less pebbly and nore sandy; till.

Brown, silty c¢layj shale, carxbonate,
and a few lgneous pebbles scattered
throughout; slightly sandy: sone
stain ssen along Jjointsy clay very
compact; till,

Brown, slightly sandy, silty clay; a
few shale and carbonate pebbles;
stony at 36 feet; possible boulder
pavenent (?); till.

Brown, silty clay; slightly sandy;
contains only a few carbonats peb-
bles and even fewer shale fregments;
till,

Blue gray, siliy clay at about 40
feet; contains large interclasts of
brown clay (from auger grinding?);
material appears to be a lot stonier
than clay drilled in previous holes:
contains carbonate pebbles and cob~
bles and a few shale frazmentis; yel-~
low brown stain along Joints; till.

Blue gray, silty clay containing
very Little sand; coniains shale and
carbonate pabblas and cobbles; some
secondaxry calcarsous material pre-
sent: till.

Blue gray, slightly sandy, silty clay;
small number of small carbonave and
shale pebbles; till.

Blue gray, slightly sandy, silty

clays contains a few shale and car-
bonate pebhles; some gypsum presani;
very little weathering or stain pre-
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sent; till.

DEM 7.13 22,4 33,0 38.6 Fox Hills Formation.
DM 8: 0,1 mile west of southeast corner of sec. 33, T. 132 N.,
R, 75 W.
Position Texturs Fleld Descxription
(Sand-8ilt-Clay
Per cent)

DiM 8.1 10.3 58.9 30,9 Very dirty, sandy, silty clayj;
till (7).

DEM 8.2 2.8 61.5 35.7 Brown, slightly sandy, silty clay;
contains very few pebbles of carton-
ate and shale variety; yellow brown
stain along joints; till (?).

DEM 8.3 2.6 58.2 39.1 Brown, slightly sandy, silty clay;
contains very few pebbles (shale and
carbonate); yellow hrown stain along
joints; till (7).

DEM 8.4 4.7 58.7 36.6 Brown, slightly sandy, silty clay; a

~ few shale pebbles; till (7).

- DEM 8.5 17.6 46,1 36.3 Red brown to browm, slightly sandy,
silty clay; pebbles mostly carbon-
ate, bat also contain a few shale
fragments;y appears to be highly
weathered and stained along jJjoints;
clay balls coming up in lower part
of flighty till.

DEM 8.6 15.8 41,9 42.3 Brown, slightly sandy, silty clay;
contains a few carbonate pebbles;
till.

DEM 8.7 17.3 38.0 44.8 Gray to blue gray, silty clay; con-
tains no pebbles (hit at a depth of
29 feet); till.

DEM 8.8 22.9 40.8 36.3 Gray to vlue gray, silty clay; con-
tains a few red brown iron concre-
tions; no pebbles seen; lake sedi-~

g ment .
DEM 8.9 13.4 44,6 40,0 Cray to blue gray, silty clay: unlam-~
{
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inated; contains some carbonate
pieces} mollusk fragments (7); no
pebbles; possible sand lens near
bottom of flight: lake sediment.

DEM 9: 0.2 miles west of northeast corner of sec. 1, 7. 131 N,,
B, 75 W,

Position Texturs Field Description
(Sand~-3ilt~Clay
Per cent)

DEM 9.1 18.2 40,0 41.8 Broun, slightly sandy, silty clay:
contains shale and carbonate peb~
bles; yellow brown sitain and some
carbonate stringexrs along Joints;
till,

DEM @,2 19,3 38.7 42.0 Brown, slightly sandy, silty clay;
contains shale and carbonate peb-
bles; red brown stain along joints;
till. '

DEM 9.3 20,1 40.4 39,6 Brown, slightly sandy, silty clay;
contains shale and carbonate peb-
~bles; yellow brown staln along
Joints; till.

DEM 9.4 18.5 36,8 44,8 Brown to dark brown, slightly sandy,
silty c¢lay; contains numerous shale,
carbonate, and a few ligneous peb-
bles; red brown to yellow brown
stain along Joints; carbonate
stringers throughoutl; some lenses of
silt; till.

DEM 9.5 18,3 30,7 51.1 Brown, slightly sandy, silty clay;
contains a few pebbles of shale and
carbonate variety: no sitain noted;
+ill,

DEM 9.6 3.9 35.7 6Q.4 Brown to dark brown clay; contains
very few pebbles (shale fragments);
brown stain noted along Jointing;
311 (7).

DEM 9.7 3.6 24,8 71,7 Brown, slightly sandy clay; contains
a few shale and carbonate pebbles;
brown stain along jJoints; tiil (7).




DEM 10:

Position

DEM 10.1

DEM 10.2

DEM 10.3

DEM 10.4

DEM 10.6

DEM 11:

Textuys
(8and~-8ilt~Clay
Per cent}

17.9 35.5 46,7

19.2 40,8 40,1

21.3 47.2 31.5

3.0 35.8 61.2

0.5 25.7 73.8

0.1 mile nerth of soutt
He 77 W
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Pield Descrintion

Brown to dark brown, slighitly sandy,
silty clay: contains shale and car-
vonate pebbles; red brown to brown
staing carbonate stringers; till.

Brown te dark brown, slightly sandy,
s5ilty clay; contains shale and car-
bonate pebbles; brown to red brown
stain along Jjoints: some secondary
carbonate; till.

Brown to dark brown, slightly sandy,
silty clay; contains shale and car-
bonate pebbles; red brown stain pre-
sent along Jointing; clay appears to
be stonier at the bottom of the
flight, till,

Brown, slightly sandy, silty clay:
contains shale and carbonate peb-
bles; red brown to yellow browuwn
stain along jointing: more sand
toward bottom of flight (haxd layer
at 18 to 20 feet); till,

Gray to gray brown, silty clay; less
sand than above; very few shale peb-
bles and no carbonate pebbles; brown
oxidation along Jointing; till (?).

Erown to gray brown, slightly sandy,
slickensided clay; no pebvles noted;
big rock al bvottom of hole prevented
drilling deeper; till.

west corner of sec, 14, T. 131 N.,
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Position Texture Field Description
(Sand~Silt-Clay
Per cent)

DEM 11.1 16.3 32.3 51.5 Brown to dark brown, slightly sandy,
silty clayy contains shale and car-
bonate pebbles; secondary carbonate
common as stringers; brown stain
along Joints; till.

DEM 11.2 19,7 32.6 47,7 Brown to dark brown, slightly sandy,
silty clayy contains pebbles and
covbles of shale and carbonate
lithologies; secondary carbonate as
stringersy red hrown stain along
joints; till.

5.6 B7.5 Brown to dark brown, slightly sandy,
silty clay; shale and carbonate peb-
bles; yellow to red brown stain along
Joints; some secondary carbonate pre~-
sent; till.

as)

DEM 11.3 17.0

DEM 11.4 16.4 36,7 46,9 Brown to dark gray brown, slightly

‘ sandy, silty clay; shale and carbon-
ate pebbles present; red brown
stain along joinis: till.

DEM 11.5 19.6 36.5 43,9 Brown to gray brown, sandy, silty
clay: contzins sbhale and carbonate
pebblesy red brown stain along
joints very commony till.

DEM 11.6 20 32.9 46,6 Brown to dark gray brown, pebily,
slightly sandy, silty clay; coantains
pebbles of shale, ignecus (few), and
carbonate variety: red to yellow
btrown stain along Jjoints; some sec-
ondary gypsum; £ill.

DEM 11.7 19.2 37.6 43.3 Brown itc gray bhrown, slightly sandy,
silty clay; contains shale and car-~
bonatzs pebblesy went through red
brown, highly stained zone; material
less stony than above; till,

DEM 11.8 20.2 39,7 40.1 Brown to dark brown, slightly sandy,
silty clay: shale and carbonate peb-~
bles; dark brown o red brown sialin
along Joinbs: till,

———
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D‘.A;'i l 2 H

DEM 12.3

DEM 12.4

DEM 13:

Position
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mile zast of northwest corner of sec, 25 T. 133 .,

R. 76 4.

Texturs

L

(Band-311t-~Clay

Per cent)

39.0 29.8

35.5 35.4 2

35.€ 33.1

26,4 bE,2

Texture

27.9

31.3

29 4

(8and-Silt-Clay

Per cent)

™

Pleld Descrintion

Brown silt; 2-feet thick (loess).

Brown, slightly sandy, silty clay:
contains a few shale and carbonate
pebbles; red brown to yellow brown
stain along Jjoints; tiil.

Brown, slightly sandy, silty clay;
contaiis pebbles of shale and carbon-
ate lithologies; red brown to yellow
brown stain along Jjoines: till.

Brown to dark brown, slightly sandy,
silty eclay; carbonate and shale peb~
bles scattered throughout; red brown
to yellow brown stain along joints:
till.

Brown, sandy, silty clay; carbonate
and shale pebbles and cobbles; a
little yellow brown stain along
Jointsy till.

ls Formation at

=
faet),

Bedrock (Fox H

il
approximately 13

0.3 miles west of southeast corner of sec. 36, T. 134 N.,
H, 75 W,

. Field Description

Buff brown, fine to medium sand,.
Butf brown, fine to medium sand.
Buff brown, fine to mediunm sand.

Buff brown, fine to medium sand,

Browa, fine to medium sand; red
stain,




DEM 13,6

DEM 14+

Position

DEM 14,1

DEM 14,2

DEM 1&' . 3

DEM 14,4

DEM

Y
\n

Position

DEM 15.1

DEM 15,3

158

Brown, fine to medium sand; red
stain.

0.1 mile south of northwest corner of sec. 3, T. 133 N.,

Re 74 W,
Texture

(Sand-Silt-Clay
Per cent)

354 27.5 37.2

39.5 29.6 31.0

50,2 27.1 22.7

82.6 6,4 11.0

0.0

5
o 4

e

Texture
(Sand~Silt-Clay
" Per cent)

29,3 Sl 16,7

Pleld Description

Brown to yellow brown, sandy clay;
contains shale and many carbonate
pebbles; red brown staln along
Joints: some caliches till,

Gray brown to yellow brown clay;

many carbonate pebbles; yellow brown
stain along joints; few small shale
fragments toward bottom of {flight;
till.

Gray brown to yellow brown, sandy
clay; shale and many carbonate peb-
bles; some secondary carbonate as
stringers; till (%).

Gray, fine to medium sand at 16
feet: same texiure as sand in hole
13+ red brown iron concretions
(small) at the top of bed; Fox Hills
Formation (7). ,

Gray, medium to fine sand; red brown
stain; Fox Hills Formation (7).

Bedrock (Fox Hills Formation).

miles east of northwest corner of sec, 6, T, 134 N.,
W

Figld Descrintion B g

Red trown, slighfly sandy silt
(£i11%).

Buff brown sand at & to 5 feet.

Bedrock at 5 feet; gray to buff

’ . E—
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brown sandstone; Fox Hills Forma-

tion.

DEM 16: 0.3 miles west of southeast corner of sec. 13, T. 13% N.,

R, 76 W.
Position Texture Field Description
(Sand-Silﬁ-Clay
Per cent)
DEM 16.1 36,7 28.2 35,1 Yellow to gray brown sand; slightly

silty; yellow brown stain.

DEM 16.2 ' ' Yellow brown, fine to medium sand,

DEM 16.3 Fox Hills Formation at 6 feet,

DEM 17: 0.3 miles west of northeast corner of sec, 28, T. 135 W.,

R, 77 W,
Position Texture ¥ield Description
(Sand-311t-Clay ‘
Per cent)

DEN 17.1 6.1 71.5 22.4 Yellow brown silt; slightly sandy
(2 to 3 feet).

DEM 17.2 3.4 37.2 59.4 Gray brown to brown clay; some yel-
low brown stain; one very smzll peb-
blt"}s

DEM 17.3 L.3 55,5 40.3 Brown to gray broun clay; red brown
stain.

‘ DEM 17.4 7.0 3.3 @9;8 Brown to gray brown clays red to
vellow brown stain; no psobles; sone
secondary carbonate.

D”W 17.5 15,3 50.0 34,9 Bedrock (HellVCreek Formation?).

DEM 18: 0.01 mile west of northeast corner of sec. 3, T. 135 N., ) -

R.. 76 U,
Position Texture Field Description

(Sand~3ilt-Clay
Per cent)

DEM 13.1 28,2 35.4 35.4 Yellow brown, sandy silt (1 to 2
feet thick). :
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" DEM 18.2 33.4 33,8 32,9 Gray brown, sandy clay; shale and
carbonate pebbles; red brown oxi-
dation; secondary caliche as string-
ers; till.

DEM 13.73 ‘ Brown to gray brown, sandy clay;
cartonate pebbles and caliche (7);
red brown stain: till.

DEM 18,4 25.8 42,7 31.5 Dark brown clay; slightly sandy; red
brown stain and secondary carbonate:
t111 (7).

DEM 18,5 27.3 37.1 35.6 Gray io brown, sandy, silty clay;

red brown oxidationg secondary car-
bonate; small amount of gypsum;

ti11 (?).
DEM 18.6 Buff brown sand with some oxidation,
DeM 18,7 Brown to buff brown sand; some can~
solidated nodules; Fox Hills Forma-~
tion. ‘

DEM 19: 0.2 miles north of southeast corner of sec. 13, T. 135 N.,
Re 75 W
+ Position Texture Field Description
(Sand-Silt~Clay
Per cent)

DEM 19.1 18.7 24.7 56.6 Gray brown, sandy, silty clay; con-
tains a few carhonate pebbles; brown -
siain along Joints: till.

DEM 19,2 15.7 15.4 68.9 Brown, sandy clay; contains carbonate
pzbbles; secondary carbonate; large
rociky till,

DEM 20: 0.2 miles west of northeast corner of sec. 23, T. 135 N.,

B, 74 W, p

Position , Texture Field Description

(Sand-3i1t-Clay
Per cent)

DEM 20,1 52,0 40,6 7.4 Buff to red browm fine sand
(stained). '

e
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DEM 20.2 Buff brown, fine to mediun sand; Fox
Hills Formation.

DEM 20,3 Buff to brown, fine to medium sand ;
Fox Hills Formation.

DEM 20.4 Buff to yellow brown to red brown,
fine to medium sand; stained; Fox
Hills Foxrmation.

DEM 20.5 Buff to gray brown, fine to medium
sand; Fox Hills Formation,

DEM 21: 0.15 miles west of northeast corner of sec. 31, T. 132 N.,

R. 76 W,
Position Texture Field Description
(Sand-Silt-Clay
Per cent)
DM 21.1 Buff brown, fine to medium sand,
DM 21,2 Buff brown, medium sand.
DEM 21.3_ Buff to brown, fine to medium sand.
DEM 21 .4 Buff to buff brown, fine o medium

sand; containing much silt,

DEM 22: 0.3 miles west of northeast corner of sec., 4, T. 129 W.,

R, 76 .

Position Texture Pieid Description

(Sand-5ilt-Clay
Per cent)

DE] 22.1 11,7 61,0 27,2 Tan to buff brown, sandy, silty clay;
carbonate and shale pebbles; red
brown stain along jointing; till.

DEM 22,2 25.9 51,0 23.1 Brown to gray brown, sandy, silty

clay; shale and carbonate pebbles
commony browm to yellow brown stain
along joints: till.
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DEM 22.3 7.2 67.3 25,5 Brown, silty clay; red brown stain
- at approximatzly 7 feet; till (7).

DEM 22,4 7.6 59.2 33,2 rown, silty elay; red brown oxi-
dation; sample taken at about 14
feet; till (2).

DEM 22.5 174 45.4 37,3 Gray to blue gray, silty clay;
. slightly sandy; contains carbonate
pebbles and shale fragments;
ti1l (7).

DEM 22.6 25,9 40.5 33.7 Blue gray, slightly sandy clay:
: carbonate pebbles; till,

DEM 23: 0.5 miles north of southwest corner of sec, 23, T. 129 N.,

R 77 H.
Pesition Texture Field Description
(Sand-Silt-Clay
Per cent)

DEM 23.1 19.8 37.7 42.5 Brown, silty clay; contains shale and
igneous pebblesi slightly sandy: red
brown stain along jJoints; small
anount of secondary carbonate; till.

bEM 23,2 23.0 37.1 39.9 Brown to gray brown, slightly sandy,
silty clay; shale and carbonate peb-
bles: red brown staln along joints:
some secondary carbonate present;
tiil.

DEM 23.3 22.7 35.5 41,9 Brown to gray brown, slightly sandy,
5ilty clay; contains shale and car-
bonate pebbles; brown stalin along
Jointing surfaces: small amount of
secondary carbonate; till.

DEM 23,4 22.9 39.7 37.4 Brown to brown gray, slightly sandy,
silty clay; contains shale and car-
bonate pebbles; brown to red brown
stain along Jointingj very siony in
this interval; till.

DEM 23.5 224 37.2 404 Brown to brown gray, sandy, silty
: clays contains carbonate, igneous
and shale pebbles; brown along jeint
surfaces; till.

]
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DEM 23,6 20.7 39.6 39.7 Blue gray, slightly sandy, silty
clay; contains carbonate pesbbles;
little evidence of staing till,

DEM 24: 0.3 miles west of northeast corner of sec, 3¢, T. 129 N.,

R. 77 4. '
Position Texture Field Description
(3and -811t-Clay
Per cent)
DEM 24,1 7.0 70.5 22.5 Yellow to yellow brown, coarse 10

DEM 25:

medium silt (7 feet thick); loess.

miles wesi of northeast corner of sec. 29, T. 129 N.,

R! ?8 W.
Posltion Texture Field Description
(Sand~-3ilt-Clay
Per cent)

DEM 25,1 24.0 41,3 3.7 Brown to gray brown silt; contains
small carbonate noduless some yel-
low brown stain (4 to 5 feet thick).

DEM 25.2 21.3 358.9 40.2 Gray to gray brown, silty clay; red

. brown stain;i very little sand; sone
secondary oxidation.

DEM 25.3 22.9 43,0 3.1 Yellow brown, fins, sandy silt.

DEM 25.4 ?,O'35,8 572 Brown to gray brown, slightly sandy
clay: some secondary carbonatis.

DEM 25,5 3.1 @3,8 2241 Gray brown, sandy silt.

DEM 25.6 516 42,3 6.2 Brown sand; ccarse to slightly

DEM 25.7

80.2 9.1 10,8

gravelly.

Brown sand io sandy gravel; lithol-

ogles of granite and carbonate.

DEM 26: 0,1 mile east of northwes!t cornmer of sec. I, T. 130 N.,
R. 78 W,




Position

DEM 26.1
DEM 26,2
DEM 26.3
DEM 26.4

DEM 26.5

DEM 27

Pogition

bEM 27.1

bEM 27.2
DEM 27.3
DEM 28:

Position

DEM 28,1

DEM 28.2

Texture
(Sand-Silt-Clay
Per cent)
10.9 72.5 16,6
36.7 50,5 12,8
6.0 64,5 29,5

32,1 48.3 19.6
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Field Description

Yellow to yellow brown silt; con-
tains secondary carbonate; loess,

Yellow brown, sandy silt; red brown
stain (10 feet of silt); loess.

Brown, slightly sandy, clayey silt;
red brown oxidaticni loess,

Buff brown, sandy silt; red to red
brown stain; loess,

Sandy clay at bottom of hole (prob-
ably Fox Hills Formation).

0.1 mile west of northeast cormer of sec. 32, T. 131 N.,

Re 79 VW,
Texture
(Sand-Silt-Clay
Per cent)

60.6 32.5 7.0

b 7.1 1.4

Field Description

Brownish gray, clayey, silty sahd.
grades down into very fine, gray
brown sand,.

Brown, slightly dirty, silty, fine
sand; coarsens downward: loess.

Granite gravel from 11 to 15 feet.,

0.1 mile south of northeast corner of sec. 30, T. 133 H.,

R. 78 W.
Texture
(Sand-8ilt-Clay
Per cent)

3elt 7344 23.2

3.6 72.1 24,2

Field Description

Brown, highly organiec, silty clay;
loess.

Yellow brown silt: boulder at 6
feet; loess,




165

DEM 28.3 3.2 57.3 39.5 Brown to brown gray, claysy silt:

loess,
DEM 28.4 Brown to yellow bhrown clay; slightly

sandy; very few pebbles {carbonate
and sandstons); loess.

DEM 28,5 2.7 58,3 41.0 Gray brown silt; red brown oxidation;
loess, ’
DEM 28,6 1.2 48,8 50.1 Gray to gray'hrown clay; bedded;
badrock.
DEW 28,7 2,0 50,3 47.7 Brown to gray brown clay; bedded;
_ bedrock.

DEM 29: 0.1 mile west of northeast cornsr of sec. 23, T. 135 N.,

R. 79 H.
Position Texture Field Description
(Sand~8ilt~Clay
Per cent)
DEM 29.1 5.9 82.5 11.7 Gray orown silt; loess,
DEM 29.2 2.5 57.5 40.0 Yellow brown, silty sand at 4 fest:
P loess,
DEM 29.3 .8 18,1 7.1 Granitic type gravel at 7 to 9 feet.
DEM 29.4 1.8 54.9 43.3 Brown, fins, sandy silt; 9 to 10
feet.
DEY 29.5 Red brown, fine sandy silt at 11
feet., ‘

DEM 30: 0.4 miles east of southwest corner of sec. 21, T. 134 N.,

Re 77 W.
Position Texture Pi2id Descrintion
(Sand-Silt-Clay » ,
Per cent) ‘
DEM 30.1 30.9 38.0 21,1 Gray, sandy clay; many carbonate
pebbles; sample probably contaminated
with road fill: +£111.
DEM 30.2 32,5 41,5 26.0 Brown, slightly sandy, silty clays

':_<m, |
]



DEM 30.3

DEM 0.4

DEM 30.5

DEM 30.6

DEM 313

Position

DEM 31,1

DE: e 31 93

DEM 31,6

.
o
-

ot
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carbonate, shale, and igneous peb-
bles; tiil.

Buff to gray brown sand (fine to
medium) .

£F to gray brown, fine sand; loess.

Buff to gray brown, fine to medium
sand; loess.

Buff to gray brown, fine to medium
sand (down to 25 feet),

0.4 miles south of northeast corner of sec. 36, T. 136 N.,

R, 76U,

Texturs

(Sand-Silt-Clay

Per cent)

311 27.2 41,7

3%.5 21.3

334 38.1

33.8 31.0

32.6 k0.6 ¢

48.3

35.2

Field Descrintion

Yellow silt; slightly sandy; 3 feet
thick; brown, sandy, silty clay;
contains few carbonate pebbles; xed
brown to yellow brown stain along
joints; some silt lenses; till.

Brown to gray brown, silty clay;
contalns few carbonate pebbles; red
brown to ysllow brown stain along
Joints; till.

Brown to gray brown, silty clay; with
carbonate and igneous pebbles; brown
to yellow brown stain along Joinis;
till.

Brown to gray brown, sandy, silty
clay; carbonate and igneous pebbles;
brown stain along fractures and

- Jointsy till,

Brown to yellow browm, sandy, silty
clay; contains carbonate and ig-
neous pebbles; brown stain along
Joints; till.

Brown to yellow brown, sandy, silty
clay: brown stain along fracturss
ard Joints; cartonate and igneous
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pebbles; siightly less pebbly than
aboves till,
DEM 32: 0.1 mile south of northwest corner of sec, 6, T, 136 N.,
Re 76 W,
Position Texture Field Deserintion
(Sand-Silt-Clay
Per cent)
DEM 32,1 23.9 43.8 32.3 Brown to gray brown, dirty, gravelly,
sandy silt; some cobbles, 3 inchesg
; 0 to 4 feet,
:
5 ‘ DEM 32.2 Brown, gravelly sand; 1 to 2 inch
cobbles; 4 to 7 feet, '
DEM 32,3 Fox Hills Formation at 7 feet,

DEM 33: 0.05 miles east of Southwest corner of sec, 30, T. 136 N,,

RQ 72“" WO
Position Texture - ' Field Bescription
(Sand~Silt-Clay
Per cent)

DEM 33,1 Black to gray brown clay: sandy;
carbonate pebbles; alluvium (?) or
t111 (7).

DEM 33,2 Coarse, brown gravel (5 to 15 feet),

DEM 33,3 Blue gray sands Debbles; clayey;

flowing well,

DEM 34: 0.1 mile south of aortowest corner of sec. 9, T, 136 N.,
Re 70 W. ‘

Position Texture ‘ Field Description
(Sand-Silt-0lay
Per cent)

DEM 34 .1 31.2 40,5 28,3 Brown to gray brown, slightly sandy
clay; contains cartonate pebbles;
red brown stain along Jjointss +il1,

4N
L
O
»
[V,
ol
W
»
!

DEM 34,2 33, Brown, sandy clay; caribonats and
wa, y clay

s




DEv 34.3

DEM 35:

Positinon

DEM 35.2

DEM 35.3

DEM 35.4

DEM 35.5

3Heb 39.6 25.8

Texture

(Sand~8ilt-Clay

Per cent)

29.0 36,2 .9

15.2 63.8 2

17.8 56.4

7.1 68.3

93 5445
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shale pebbles; secondary carbonate;
red brown stain along Jjoints; till,

Brown, sandy clay; carbonate, ig-
neous, and snale psebbles; a few silt
lenses; red brown stain along Joints
and fractures; +till.

Brown, sandy clay; carbonate and ig-
neous pebbles; secondary carbonate;
red brown stain along the Joints

and fTractures; large rock at bottom
of hole.

2 miles east of northwest corner of sec. 24, T. 136 N.,
AW,

field Description

Brown to brown gray, sandy clay: ;
coniains shale, igneous, and carbon=-
ate pebbles; some secondary carbon-
atet red brown stain along joints;
tille.

Brown to gray brown clay; slightly
sandy; red brown stain along joints;
igneous and carimonate pebbles; till.

Brown, slightly sandy clay; a Tew
pebbles of carbonats lithology; red
brown stain along Joints; till.

Brown, slightly sandy clay; a few
caroonate and shale pebbles; yellow
brown stain along the Joints and
fractures,

Brown, very slignhtly sandy clay;
contains a few carbonate and shale
pebbles; litile evidence of staing
some secondary carbonate; appears
1o be less sandier than above,




DEM 37:

Position

DEM 37,1

DM 37, 2

BEM 38:

DEM 39:

P031t10g

)
£
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o
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DEM 39,3

DEM 39.4

DEM 39.5
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west of southeast corner of sec, 32, T. 135 N,,

0.1 mile

R, 73 4.
Texture Field Description
e it V. WW

(Sand-5ilt-Clay
Per cent)
28.3 28,0 43,7 light gray brown to olive brown,
sandy, pebbly clay; contains
secondary Carbonate; yellow brown
stain along Joints; contains car-
bonate and shale pebbles,

FPox Hills Sandstone,

0.1 mile west of southeast corner of sec. 16, T, 135 N.,

R. 73 W.
Texture Field Descrintion
(sand-5i1t-Clay
Per cent}

27.2 53.2 19.6 Brown, sandy clay; shale and carbon-
ate pebbles; tried 3 holes, hit a
rock each timeg possible boulder

pavement,

0.1 mils north of southwest corner of sec. 13, T, 130 N.,

Re 72 W,

Texture

(Sand-Sii%tblay
Per cent)

28.5 %3.7 27.8  Brown clay with pebbles; 111,

20,1 b5,.3 2%.,6 Yellow gray elay with pebbles at 3

feet; tili,:

Gray brown, sandy clay; Pebbles; red
brown stain along fractures; til1l,

23.5 26.3 40,1

»

Yellow brown clay: slightly grayer on
the inside: nany igneous and shale
Debbles, ’

27.8 424 27,9

Sandy, yellow broun clays contains
igneous and carbonate pebbles; more

28,5 42,5 29,0




DEM L0

DEM 40,1

DEM 40,2

DEM 40,3

DEM LO.4

DEM 40,58

DEM 40.6

DEM 40.7

DEM 41

Position

70

yellow gray on the inside,

0.1 mlle east of southwest corner of sec. 7, T. 130 W.,

Re 76

(

0.01
Rc ?S

.

Texture
Sand-511t-Clay
Per cent

20,1 35,2 44.8

16.0 30.6 53,5

14,3 40,6 45,1

16.1 41.8 42,2

3.8 2.0 63,2

11,9 32,9 55,3

21.6 37.9 40,7

Field Dsscription

Gray to olive brown, sandy, silty
clay; contains carbonate, igneous,
and shale pebbles; secondary carbon-
ate; yellow brown stain along jointss
tiil, :

Brown to gray brown, silty clay:
slightly sandy; contains shale and
carbonate pebbles; yellow brown
stain along fractures; till.

Brown, silty c¢lay; shale and carbon-
ate pebbles (fewer than above);
brown stalin and secondary carbonate
in fractures; till,

Brown to tawny brown, siliy clay;
shale and carbonate pebbles (fau);
slightly sandy; red brown to yellow
brown stain along joints; till.

Brown to gray brown, slightly sandy,
silty clay; contains very few pebblesy

til1.

Brown, slightly sandy, silty clay; a
few shale and carbonate pebbles;
large boulder at 28 feet; +ill.,

Bit sampley till.

mile south of northwest corner of sec. 12, T. 130 N,,

W,

‘ - | . v .
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Position Texture Field Description
(Sand-5ilt-Clay
Per cent)
DEM 41,1 13.4 38,5 48,2 Daxrk brown, slightly sandy, silty

clay; contains a few carbonate and
shale pebbles; small amount of red
brown stain; till.

DEM 41,2 12.9 42,1 42,2 Dark browm, slightly sandy, silty
clay; contains few carbonate and
shale pebbles; small amount of red
brown stain; till.

DEM 41,73 14,7 33.9 46.3 Dark brown, slightly sandy, silty
, clay; contains carbonate and shale
pebbles; red brown to brown staing

till. '

DEM 414 15.6 6.7 37.7 Dark brown to brown, slightly sandy,
silty clay; contains shals and car—~
bonate pebbles; a little stain; till.

DEM 41.5 13.9 43.3 37.8 Dark brown, slightly sandy, silty
clay; contains carbonate, shale, and
igneous pebbles; litile stain ssen;
t111 .

DEM 41.6 11.9 40,0 48,1 Gray brown to dark brown, slightly
sandy, silty c¢lay; contains ignsous
carbonate, and shale pebbles (mostly
shale): no stain; till.

DEM 41,7 13,7 39.2 47,0 Brown to gray brown, slightly sandy,
silty clay; contains very few pab-
bles, shale and one carbonate; no
staing till.

DaM 41,8 13.5 40.5 46.0 Brown to gray brown, slightly sandy,
silty clayi shale, igneous, and car-
bonate pebbles; no stain; till.

DEM 42: 0,6 miles east of southwest corner of sec 21, T. 135 N.,
R, 76 W,

Position Texture Field Description
(5and~-Silt-Clay -
Per cent)

2 feet coarse yellow silt,

o




DEM 42,1

DEM 42,2

DEM 42,3

DEM L2 .4

28.6 42,2 31,2

57.4 21,0 zi.é
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Light olive brown, sandy, silty
clay; contains carbonate and igneous

pebbles; some red brown stain; till.

Gray, medium to fine sand; some silt
and clay,

Hell Creek Formation,

Hell Creek Formation,

DEM &3: 0.7 miles north of scuthwest corner of sec., 4y T. 136 N,,
R. 75 Y. ‘
Position Texture Field Description
' (Sand-5ilt-Clay
Per cent)

Gray brown, slightly silty sand;
changing to gravel in last 1% fest;
approximately 12 feet thick.

DEM 43,1 29.6 43,0 37.4 Olive brown to gray brown, sandy,
silty clay; mottled: contains nany
carbonate pebbles and some igneous
pebbles; sample at about 19 feet:
ti1l.

bEM 43,2 Olive brown to gray brown, sandy,
silty clay; some patches of blue
gray clay; centains mostly cartonate
pebbles; till, :

DEM 473.3 32.8 43,0 24,0 Blue to blue gray, sandy, silty clay;
contains carbonate and igneous peb-
bles; no stain seen; till.

DEl 43,4 29.6 43,0 27! Blue gray, sandy, silty clay; con-

tains carbvonate and igneous pebblas;
no stain; flowing sand at 32 feety
sample taken at about 39 feet; till.

Blue gray to gray, sandy, silty clayy
tontains carbonate, igneous, and one
shale pebble; no stain; +till,

DEM 43.5 28.3 4l,2 27,5




APPENDIX XI
OIL WELL RECORDS

Appendix IT gives the lithostratigraphic units drilled into,

location, and depth of all oil wells drilled in Emmons County,

NORTH DAKOTA LOCATION OF WELL  TOTAL DEPTH  STRATIGRAPHIC UNTT
; GEOLOGICAL SURVEY IN FEET
§ WELL NUMBER
§ 16 Center of NW sSwi 5360 Precambrian
: sec. 35 T, 133 N.,
Re 75 We
| 23 Center of NE} Swi 5556 Precambrian
| sec. 35, T. 133 N.,
; Re 76 ¥W.
| %3 Center of NE} SEL 5885 Precanbrian
% sec., 8, T. 132 N.,
i R. 78 W.
| 742 Center of SE} NW} 4346 Precambrian
| sec. 30, T. 135 N.,
; R. 75 W,
{
| L212 Center of SE} gpt 3780 Madison Formation
g sec. 17, T. 136 N.,
| R. 76 We
i 1600 Center of NE: Nwi 2359 Fall River
see., 8, T. 131 N., Formation
R. 74 W,
1601 Center of Nwh SEi 2401 Fall River
‘ - see. W, T, 131 W,, Formation
B' 74 wl ‘
L602 Center of Nw{ Nyt 2410 Fall River
sec. 25, T. 132 N,, Formation
R, 74 w,
173




P 17
L4629 Center of SE} SE: 2471 Fall River
sec. 3, T. 130 N., Formation
Bi 7""" W. )
4681 Center of SE} NE: 2447 Fall River
sec. 12, T. 132 N., Formation
R. 75 W,
‘ 4843 Center of Nz} NE: 2610 Fall River
sec, 21, T. 131 N., Formation
Rc ?? wn
4850 Center of NE: NEZ 2400 Skull Creek
sec. 28, T. 130 N., ‘ Formation

R. 78 W,




APPENDIX III
LABORATORY ANALYSES OF TYPE SECTION MATERIALS

This appendix consists of the textural ang compositional (dolo-
mite, calcite, and total carbonate) analyses of sedinent collected

from the type sections of the Oahe,nBraddock, and Emmons Formations

and the Sakaxawea Sequence, For the location of these sections see the

appropriate section under Descriptive Geology.




Sakakawea Segquence - TEXTURE CAICITE TOTAL CARBONATE DESCRIPTION

(Type Section) Sand-311t-Clay (Per cent (Per cent)
Coleharbor Group (Figures are percentages of total
Oahe Formation of the hole) carbonate)
(Type Section)
tiverdale Member 10-77-13 30 2
(Type Section) 10-78-12 10 3
8-81~11 60 6
7=81-12 61 8
11-79-19 62 7
10-74-1y 50 65 Gray to dark gray, slightly
0-1.7 metexs ‘ 9=79-11 62 7 sandy silt containing
10-78-12 55 11 Several black organic bands
9-75-16 51 10
7=78-15 51 1345
§-76-16 43 13.5
10-70-20 42 i2
10-80-10 38 11.5
- Aggie Brown 10-73-17 55 10
Member (Type 10-70-20 62 9 Brown to red brown,
Section) 8-80~12 56 12 organic silt
1.7-2 meters 13-75-12 . 42 16 ,
Mallard Island 11-6G-20 48 19
Hember (Type , 15-71-14 28 17
Section) 16-72-~12 37 16 Yellow to yellow brown,
20-68~12 35 15 slightly sandy silt
21-71- g O 13 |
2-3,1 meters 16-74~10 31,5 14
11-79-10 , 32 11,5
15-74-11 30 - 14

1h-7i-15 R 12

94T




Braddock
Formation

3.1-9,7 meters

9.7-10,95 meters

10,95-12,2 neters

12,2-15,7 meters

. TEXTURE
Gravel-Sand-Silt-Clay

(Values are precentages)

6-30-45-25
3-31-49-25
4-28-43-29
2~28-40-32
3=29-42~29
4-30-38-32
5=29-39-32
L4 ~30-36~3

6-51-27-22
12-66-15-19

2=25-41-3
6-25-42-33
3=27-42-131
3-2l=35-41
1-26-41~33
1-25-43-32
5-32-41-27
3=33-35-32
1-21-46-33

1-21-47-32
1-22-42-36

PERCENTAGES

Calcite~Dolonite~Total Carbonate
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DESCRIPTION

Gray, pebbly, sandy,
silty clay; massive,
but has numerous verti-
cal joints in lower
part of unit; abundant
secondary carbonate

Gravel composed of
cobbles of carbonate,
granite, and basalt

Gray, pebbly, very
sandy, silty clay; con-
tains horizontal ‘
Joints; locally sepa-
rate from unit by
gravel

Brown to gray pebbly,
sandy, silty clay; no
visible structure, but
material occurs in
subspherical to
angular blocks

[,
~3
~3



15,7-24,2 reters

24,2-28.7 meters

Coleharbvor Group
Emmons Formation
(Type sSection)

0~1.5 meters

Braddock Formation

1.5-3,6 meters

2-21-45-33
3-22-48-30
222148~
3-23-42-35
1-20-42-38

2»9"'9-8”12 07
2+9-9.7-12,6
2.7""8.8"11.5

TEXTURE

Gravel-Sand-Silti~Clay
(Values are percentages)

"’2510“2“'200"”3208

1
14""42 :3"‘28v2‘”2906
5
6“'223‘ c9"~'3 05"31 [

Gray to olive brown,
slightly pebbly, sandy,
silty clay; blocky and
Jointed with stain
along joints

Covered

DESCRIPTION

Olive gray, massive, slightly
pebbly, slightly sandy, silty
¢lay

Light olive brown, massive,
pebbly, sandy, silty clay

Q41
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