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ABSTRACT

Se§en formations are preéent along a 50-mile stretch
of the Red Lake River in Pennington, Red Lake, and Polk
Count les, Minnesota. Five formations aré largely glacial
sediment, and two are largely 1§custr1ne sediment deposited
during phases of lake Agassiz. | |

The Gervals Formation (pre-Wisconsinan or early Wiscon-
sinan) i1s mostly fluvial or lacustrine sediment modified by
glacial ice of unknown source. The Marcoux Formation (pre-
Wisconsinan or Wisconsinan) is largely sediment deposited by
glaclal 1ce that advanced from the northeast over the Gana-'
dian Shield. The St. Hilaire Formation (Wisconsinan) 1s
mainly sediment deposited by glaclal ice,thaf advanced from
a western or northwestern souice.k The Red Lake Falls Forma-
tion (late Wisconsinan) 1is mostly sediment deposited by gla-
cial ice advancingrfrom the north or northwest. The Wylie
Formation (late Wisconsinan) is lacustrine sediment deposited'
during an early phase of Lake Agassiz. The Huot Forméticn
(late Wisconsinan) is largely sediment deposited by*glacialv
lce advancing from the north, down the axis of the Red River
Valley. The Sherack Formation (Holocene) 1s lacustrine sed14
‘ment deposited during the 1ést phase of Lake Agassiz. ‘

These fdrmations are correlatéd with glacial sediment
présent in northwestern North Dakota, the subsurface of the
Red River Valley, western Minnesofa, and southwestern Minne-
gota. |

viil



Introduction
Area of Study

The area of investigation is located at the eastern
edge‘of the Red River Valley in Pennington, Red Léke, and
Polk COunties, Minnesota (Figure 1). In most piaces the
local rellef is only a few faet, Precanbrian igneous and
metamorphic rocks underlie the area. They are overlain by
about 200 feet of Pleistocéne sediment (Bidwell, Winter,
and Maclay, 1970), most of whigh is glacial sediment. The
éurface sadiment in the Red River Valley 1s mostly silt gnd‘
clay deposited in the deep wateb of glacial Iake Agassiz.
The Campbell Beach of Lake Agassiz crosses the Red Lake
River three miles west of Red Lake Palls. Thé surface sedi-
ment east of Campbell Beach is largely wave-washed glacial
sediment. |

The cutbanks along a 50-mlle reach df the Red lake
River from Thief River Falls to Fisher were studied in de-
tall, The Red Lake River flows from its source, in lower
Red'Lake, west and south to the Red Rtver of the North at
East Grand Forks (Figure 1). Along its course it cuts a
trench through the glaclal sediment and Leke Agassiz sedi-

ment, The best exposures of late Qnéternary sediment in the

1



Fig. l.--location of the Study Area
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Red River Valley and adjacent areas are in the cutbanks of

the Red Lake Rlver.
Observations along the Red Lake River by A. M. Cvancara

and W. L. Moore in the 1960's suggested the possibllity of
a detalled study of the river trench. Later work by S. RH.
' Moran, Lee Clayton, and A. M. Cvancara at selected cutbank~

exposures indicated the need for further study.
Purpose of Study

The‘purposerof this study is to establish a workable
stratigraphy for the Plelstocene sediment exposed along the
trench of the Red Lske River. Knowledge of the stratigraphic
framework will glve insight into local groundwater flow pat-
terns and serve as a basis for study of the Pleistocene his-

tory of the aresa.
Pleld Methods

Fleld work was completed ﬁuring the 1971 field season.
,k Methods‘emp1oyed included the location, description, measure-
mént, and sampling of good cutbank exposures along the 50-
mile reach of the Red Lake River trench. Thirtyésix sections
were measured, and 200 samples were collected to ald in the
ldentification and definition of the lithostratigraphic
units. Equipment and samples weré transpcrtéd fromrbutcrop
to outerop by canoce. '

The study area was divided into townships for ease 1n



identification and relocation of exposures and samples col-
- lected (Flgure 2). The townships were labeled A.tﬁrough H
fromvnorth to west along the course of the river. Outcrops
were numbered consgecutively downstream within each township.
Samples were referenced to river level and Were numbered

consecutively up the sampled sections.
Laboratory Methods

All samples were analyéed for content of>sand«siza,
sllt-size, and clay-size material., Carbonate content of the
material finer than zco-ﬁesh was determined. Analyses were
performed in the sediment laboratory of the North Dakota
Geologlcal Survey., Results were complled, and means and
standard deviations were calculated for each of the 1itho-
stratigraphic units present in the study area. TabulationA
of the results of the analysis is included in Appendix I.



Fig. 2.--Location of townships A through H and
crogs-section location in the study area.
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Lithostratigraphy

Seven distinct lithostratigraphic/units are recog-
nlzed in the study area.' Five of these are of glaclal ori-
gin and two are of lacustrine origin. Thé followlng discus-
- slon willl be limited to general description, field recogni-
tion, and probable age of the formations encountere&. _The
- units will be discussed. from oldest ﬁo youngest; A detailed
discussion of the formations is included in Appendix IT.

Gervals Formation

The Gervais‘FormatianisAunbedded, glacially modifie&
fluvial or lacustrine sediment. The ﬁnit consists of very
slightly pebbly, silty clay-loam (U.S.D.A. terminology). It
i1s light olive-gray to dark gray. The Gervals contains
abundant organie debris. |

Fleld recognition of the Gervals Formation 1s made easy
by the high s1lt content, dark color, and sbundant organic
debris. Logé, twigs, and wood fragments ére present through-
out the unit, but are much more abundant near the base of
the exposed part of the formation. Rooted stumps appear
“near~r1ver level at the Three Creeks Section (Figure 3,

No. 3). ‘Other organic debris present includes mdllusk frag-
ments, carbon flakes, and insect fragments.A All organig
debris decreases 1n abundance upward, whereas pebbles and
gobbles increase in abundance upward in the formation.

The Gervals Formation is preawisconsinan or early Wis-
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consinan in age.
Marcoux Formation

The.Marcoux Formation consists largely of unbedded
glacialigediment. The unit is very pebbly sandy-loan.
1s light gray-in color. , |

Field recognition of the Marcoux 1s made possible b;
its sandy texture and characteristic pebble lithology. |
bles (4 to 64 mm.) in the Marcoux Formation are about 66
cent 1gneéus and metamorphic rock types and 33 per cent
bonate‘rock types. The sandy4loam,ranges_from_friable ¥
lmoist outerops to extrémely hard in dry outcrops. Outer:
of thé‘Marcoux Formation are generally assoclated with t}
presence of raplds in the Red Lake Rivér because of the
abundance of cobbles and boulders in the unit, |

The ﬁarcoux,Formation is no younger than late Wiscor

‘sinan and 1s probahly early Wisconsinan or older.
St. Hilaire Formation

The St. Hilalre Formation cohgists largely of unb2dq
glaclal sediment. It is dark gray, pebbly loam. ,
Fleld recognition of the St. Hilalre Formation 1s m:
easy by 1ts color, texture, and pebble lithology. It is
the only formation in the studyjarea congisting of dark g
pebbie loam. The pebbles (4 to 64 mm.) are 40 per ceht 1

neous and metamorphic rock types, 40 per cent carbonate 1
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types, 15 per cent shale, and abéut 5 per cent llgnite.v.The
- presence of shale pebhles is a unique characteristic of the
St. Hilaire Formation. The loam 1s friable in moist exﬁou'
sures and hard in dry exposures. It has a weak tc strong
secondary columnar jointing. The St. Hilalre 1s quite thin
in the study area. Exposed thicknesses range from about 7
feet to 18 inches.
The age of the St. Hilailre Formation 1s unknown. It

underlies the Red Lake Falls Formatlon, which is thought to

be late Wisconsinan in age.
Red Lake Falls Formation

The Red Lake Falls Formation consists largely of un-
bédded glacial sediment, It is blive brown pebbly loam.
| Fiel@ recogniticn of this formation is made possible by
its color, texture, and pebble lithology. Pebbles (4 to 64
mm, ) présent are about 33 per cent igneous and metamorphic |
rock types and 66 per cent carbonate rock types. Numerous
sand and gravel Inclusions range from thin beds to channel
f11ls with scoured bases. In dry outcrops the Red Lake
Palls Formatipn stands nearly vertical and is quite hard.‘
It has moderate to strong secondary cbluﬁnar jointingoy

The Red Lake Falls Formation is thought to be late

Wisconsinan in age.
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Wyllie Formation

The Wylie Formation consists of laminated offshoré»
lake sediment. It is largely interbedded silt and clay.
Laminations range in thickness from a few millimeters to a
few centimeters. The clay lamlnae thicken upwards. The
311t,1aminae are olive brown, and the clay laminae are dark
. graye ; | .

' Fleld recognition of the Wylle Pormation 1s made easy
by its laminated nature, its atfetigraphic position, and
the dominance of the clay lamlnap. East of the Snake Curvé
Section (Figure 3, No. 9), the Wylle Formation is the only
laminated unit exposed. West of the Snake Curve Section
the Sherack Formation is also present; The Wylie is distin-
gulshed from it by the dominance of clay laminae and by 1its
stratigraphic position above the Red Lake Falls Formation.
The Wylie is thin, averaging about 3 feét thick; the Sher-
ack is generally much thicker. '

The Wyllie Pormation is late Miscénsinanlln age’anﬂ was
probably associated with an early stage of glacial Lake

Agassiz,
Huot Formation

The Huot Formation consists largely of unbedded glacial
sediment. It 1is very slightly pebbly clay that 1s dark

olive gray.
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Field recognition of the Huot Formation is made pos-
sible by its texture, color, and pebble lithology. The Huot
| is the only exposed glacial sediment in the study ares that
is predominantly clay. Most ofnthe pebﬁles présent in the
unit are limestone and dolomite., Small tan, calcareous,
chalk-1like inclusions are also present. This unit is ex-
tremely prone to slumping when moist and has been called
‘the "slickensided clay." It is the surface unit east of the
eastern edge of the Sherack Formation, The‘slumping of the
Huot Formation is responsible for the generally poor quality
of the outcrops downstream from Huot.

The Huot Formation is thought to be late Wisconsinan
in age.

Sherack Pormation

The Sherack Formétlon consists of laminsted lake sedi-
ment. It is composed of interbedded silt and clay with minor
amounts of silty sand. It is oclive brown in outcrop.

Field recognition of the Sherack, in the study area, is
made eésy by 1ts laminated nature, dominance of silt laminae,
and its stratigraphic position above the Huot Formation.

The silty nature of.the Shefack 1é due to the location of‘
the study ares on the eastern margin of the Lake Agassiz
basin. vSubsurface borings indicate that the Sherack becomeé
considerably more clayey toward the axis of the Izke Agassiz
" basin (Moran, 1973). |
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The Sherack Formation is early Holocene in age. It

- was deposited during the last stage of Lake Agassliz.
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Strétiggaphic Interpretation

Stratigraphy

The stratigraphy along the Red Lake River trench 1is
summarizea by the general lithostratigraphic cross-section
(Figure 4). The cross-section extends from Thlef River
Falls to Fisher. It shows the hoéizontal and vertical re-
lationship of the seven lithostratigraphic units encoun-
tered over the entire length of the study area. In the
northern section, from Thief River Falls to west of Red Lake
Falls, the RedkLake River has cut down to stratigraphically
lower units. West of Red Lake Fallsg, 1n reach D, the lowest
stratigraphic unit, the Gervals Formatioh,is exposed. West
of reach ﬁ thé exposures along the river are progressively |
higher in the stratigraphic sequépce.

The detailed stratigraphy along the Red Lake River is
shown in Figure 5. The following dlscussion willl progress
from north to south and west along the detalled cross-

section,

Reach A ) ‘

Reaeh‘A (Figure 5A) 1s the northernmost reach in the .
study area. Three stratigraphic units are present here:
the St. Hilalre, the Red Lake Falls, and the Huot ?ormations.
The units are essentially flat lying and easily regognizeda |

'~ The St. Hilalre Formation is the lowest stratigraphie
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Fig. L, --Generalized cross-gsectlon of lithostra-
tigraphy along the Red Lake Rlver, Minnesota.
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Fig. 5.--Detalled lithostratigraphy along the Red
ke River, Minnesota. Figures 5A through 5¢ follow on

Loges 19 througn 25.
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unit exposed in reach A. Here the pebbly loam is friable
and 1s exposed from 2 to 7 feet above the river level., The
base of the St. Hilalire has not been seen in this reach.

The Red Lake Falls Formation averages about 15 feet
thick in reach A, is friable, and has poorly developed col-
umpar jointing. The unit commonly has a 2-inch bed of in-
terbedded silt and clay from 8 to 10 feet above the base of -
the unit. The laminated silt and clay bed marks the divi-
sion between the lower member of the Red Lake Falls Forma-
‘tlon and the upper member of the Red Lake Falls Formation’
as reoognized by Salomon {(1973) on the baslis of,coérse~sand
lithology. No distinction is made between these two units
in this report. Textural and carbonate analyses do not con-
sistently diétinguish between the two members of the Red Lake
Falls Formatlon. Gross field chéracteristics are also essen-
. tially identical.

The lower contact of the Red Lake Falls 1s varilable.

In some places it is erosional and has sand and gravel at
the contact. In other places the contact is gradational
through a zone a few feet thick. | |

The Huot Formation is the surface unit in reach A, It
is locally slumped and contains silt clasts. The silt‘elésts
may indicate that the Wylle Formation was present before the
Hudt was slumped. The contact between the Huot and the Red
lake Falls'Formations ranges from distinct to gradational.
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Reach B

The stratigraphy of reach B 1s shown in Pigure 5B. Here
~ths r;ver continﬁes southward and has down-cut to expost an-
other, lower stratigraphic unit.

The Marcoux Formation is the oldest unit SXposedyin
reach B. It consists of light gray, sandy glacial sediment
and 1s easily differentiated from the younger formations |
present. It oﬁtcrops at water level in the northern part of
reach B, and up to 11 feet of the unlt is exposed in the
southern part of reach B, The base of the Marcoux is not
eprsed in this reach.

The base'of the St. Hilaire Formation 1s above river
level in reach B, The unit 1is typically thin and ranges from
18 inches to 3 feet thick. Its dark gray color makes it use-
ful as a marker bed. The lower éohtact is generally sharp
- and 1s commonly marked by a cobble or sand and gravel concen-
tration. | | »

Columnar jointing is moderately to well developed in
the Red Leke Falls Formatlon in reach B, The thickness of
the unit ranges from about 8 to 23 feet. The lower contact
of the Red Léke Palls 1is distinct to gradational through'a
few feet, | .’

The Huot Formation is the surface unit in reach B, The
coﬁtact between the Huot and the Red Lake Falls Formation is
generally distinct and 1s marked by a 2-inch set of lami-
nated silt and clay in some places. The laminated silt and
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clay bed 1s laterally continuous for’teﬁs_of feet,

A complication in the otherwise orderly stratigraphy
occurs in the southern part of reach B, The Opernockitf and
Sleepy Hollow Sections (Figure 3, No. €) contaln a repeti-
tion of the normal Marcoux, St. Hilaire, and Red Lake Falls
sequence. The surface unit, the Huot Formation, is present
above the repeated sectlion. The repetition of units is
shown diagﬁammatlcally én the reach B cross-section (Figure
5B). The repested section is interpreted to be the result
of subglacial thrusting. The physical relationship between
the Opernockity and Sleepy Hollow Sections give the thrust
sheet minimum dimensions of 500 feet in width and 1000 feet
in length. ’

Reach C

In reach C (Figure 5C) the oldest exposed unit is the
Marcoux Formation. As muéh as 25 feet of the formatlon is
exposed above river level, but it averages about 10 feet in
exposed thickness. The Marcoux Formation 1is typicaily very
pebbly and extremely hard in dry outcrops. The base of the
Marcoux was not seen in reach C.

The St. Hilaire Formatlon is exposed only in the nor-
thern part of reach G. The Powerline Sectlion 1s the south-
ernmost exposure of the formation in the Red Leke River
“trench. Here it 1s gbout 3 feet thick and has a sharp
| lower contact. '

Moderately to strongly columnar Joints occur in the Red
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Lake Falls Formation in reach c°v It averages about 25 feet
~ thick and reaches a maximum exposed thiékﬁess of 70 feet,
The formation contains numerous sénd and gravel inclusidns
in this area. The Red Lake Falls overlies the St. Hilaire
Formatilon in the northern part of reach C, and overlies the
Marcoux Formation in the scuthern part of the reach.A‘Qhe
base of the Red Laké;Falls Formation is marked by cobble or
sand and gravel concentrations.

| The Wylle Formation avérages about 3 feet in thickness
in reach C. It becomes thicker in the western part of the
reach. The base of the‘Wylle'is sharp to interbedded with
the underlying Red Lake Falls Formation.

~ The surface unlt in reach C 1s the Huot Formatlon. It
is not seen 1ﬁ vertical outecrop but underlies hummocky,
slumped areas above the cutbank e#posures. The Huot over-

lies the Wylie Formation, and thelr contact is interbedded.

| Reach D

The Gervals “ormation, which is belleved to be the old-
est unit exposed along the Red Lake Biver, outcrops in two
‘exposures in reach D (Figure 5D). Twenty feet of the Ger-
vals 1s exposed at the Three Creeks Section (Figure 3,
No. 1),vwhere it contains abundant woody debris and 1ugs ésr
much as 6 inches in diameter. Here the Gervais Formation
was penetrated by a hand auger to a dépth of 15 feet without
raéching its base. The unit has a minimum thickness of 35

feet at the Three Creeks Section. Thirteen feet of the Ger-
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vals 1s exposed at the Moo Point Section (Figure 3, No. 2),
Here the unit contains abundant disseminated woody debris.

The Marcoux Formation is exposed throughout most of
reach D, Exposed thicknesses of the unit average about 20
feet, ‘The‘maximum thickness 1s about 30 feet. The base of
the Marcoux Formation 1s seen only at the Three Creeks Sec-
tion. Here the contgct is erosional ané éharp with a concen-
tration of cobbles. 1In the eastern part of reach D the Mar-
coux Formation consists predominantly of alternating fine,
medium, and coarse-grained sand. The sand body averages |
about 20 feet thick, It 15 ripple cross%bedded to flat
bedded and locally highly faulted. The sand body is placed
within the Marcoux Formation because the heavy mineral as-
semblage of the sand is most closely agsociated with the
heavy minerals found in the Marcoux Formation (Hobbs, in
preparation).

Strongly developed columnar jointing is common in the
Red Lake Falls Formation in reach D. The Red Lake Falls
contains numerous sand and gravel inclusions, which range
from thin beds to channel fllls and contorted masses. The
contact with the underlying Marcoux or Gervais Formations
is generally sharp and markéd by cabble concentratlons.

The Wylie Pormation is comspicuous in reach D. It 1is
dlstinctly laminated and avérages about 5 feet thick. Io-
cally it 1is dominanfly 81ilt with some Tine sand, Where ﬁhe “
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Huot Formation has bheen extensiveiy disrupted by mass move-
‘ment the Wylle 1s also disrupted. The base of the Wylle |
Formation is generally interbedded with the underlying Red
- Lake Falls Formation. V |

In reach D, the Huot Formation is the surface unit ex-
cept where 1t is overlain by shoreline éand and gravel
(Flgure 5D). It underlies the hummocky, wooded, upperApart
of the valley wall. Locally 1t is highly distorted and con=
tains boulders of yelloﬁ«brbwn carbonate-rich glaclal sedi-
eent of unknown source. ‘4s much as 60 feet of the Huot Fofn
mation is present in reach D. The Huot overlies the wylie
Formation. Thelr contact is gradstional by interbedding éndr
is locally hlghly disturbed.

There are two notable complications in the strati-
graphic framework in reach D, The first is the 20-foot bed
of alternating flne-grsined, medium-grained and coarse- o
grained sand in the upper part of the Marcoux Formation.

The unit 1is interpreted to be beach sand deposited along the -
shores of a lake oocupying the ancestral Red River Valiey
pefore the Red Lake Falls Formation was deposited.

| The second complication in the Stratigraphy of reach D
1s the presence of a fluvial channel fill that was depos-'l
ited before the Sherack Formatlon and after the Huot Forma-
m.ori (Figure 5D). The fluvial chennel £111 1is exposed in
eross-section in the Snake Curve South Section (Figure 3,

No. 9). The channel has been eroded through the Huot and
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Wylie Formations and is inset into the Red Lske Palls Forma-
vktion.f This eXposure'has been studied in detéil by Moran,
Clayton, and Cvancars (1971). Thelr‘interpretatlon 1s that
the river erodea 1ts channel across the lLake Agassiz plain
before the time ﬁhat the Sherack Formation was deposited.
The plain was later flooded as an 10% sheet blocked the
northeastern outlets of Lake Agassiz and transgressive lake
water deposited beach sénd o?er the fluvisl gravei in the
channel, The lake continuea to rise above the Campbell
Eeach level, and offshore sediment of the Sherack Formation (
fi1lled the channel. The southern outlet ofrléke Agasslz |
was eroded down to Precambrian granite at Browns Valley,
Minnesota. The lake water dropped toya stéble level deter-
mined by the Browns Valley granite. Water in the lake re-
mained at this level, the Campbell level, untll the north-

eastern outlets were reopened by the retresting ice.

Reach E | -

In reach E {Figure 5E) the lithostratigraphic units ex-
posed in the Red Lake River trench become stratigraphically
_higher in a downstream direction. within the first mile of
reach E, the Marcoux, Red Lake Falls, énd Wylle Formatlons
have dropped below the river 1evél,' The Huot Formation is
the principal unit exposed 1n this reach. In the last mile
of reach E the Sherack Format ion 1is present abovg the Huot,
The contact 1s generallj sharp between the Huot an& Shérack

Formations. It 1s locally marked by sand end gravel. The
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auality of the outecrops is genersll? poof;because of the'
tendeney of the Huot to slump. V’

VIn one exbeptionally large exposure, Schist Cliff Sec-
tion (Flgure 3, No. 10), the Huot Formation stands in a ver-
tical‘eutcrop 70 feet high. The usually slump-prone Huot is
dry enough in the Schist C1iff Sectiof to stand #erticaliy;
it weathers to 1light gray, brick-like blocks;r Here the Huot
econtains boulder-sized inclusiohs of yellow-brown, carbonate-
rich, glaclal sediment. Some of the boulders are 15 feet in

their long dimension.

Reaches P and G

Reaches F and G (Figures 5F and 5G) have 2 simple two-
unit stratigraphy. The Huot Formation is exposed at river‘
level in reaches F énd G. It a?erages'about 20 feet thick.
The surface unit, the Sherack Formation, 1s offshore sedil-
ment of glaclal Lake Agassiz; 1t laps over the Huot Forma-
tion. Where the contact between these unlts can be éeen,
it is generally sharp and erosional with sand and gravel
present. The presence of the Huot Formation at river lével
results in‘exﬁensively slumped river banks° Many of the
farmsteads along this reach of the river are abandoned or

endangered. EXposures are very poore
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Effect on Groundwater Plow

Groundwater flow 1is restricted to permeable, porous
sediment. The layers of glacial sediment ﬁresent along the
Red Lake River are aquatards. They contain énough silt and
clay to make them only slightly opermeable. Only the more
permeable sand and gravel bodles, which are present through-
out the stratigraphiec sequence, can be consldered to beA
' aquifers., | | o

Fluvial sand and gravel is common on erosional contacts
‘between layers of‘glacialksedlmeni. ‘It is generally thin,
intermittent in aistribution, and may not be laterally con-
tinuocus. These bodies of sand and gravel may be only lo-
cally significant as aquifers, PFluvial sand and gravel also
ocecur as channel fills. These ghannel fills may occur any-
where within the stratigraphic sequence. They may bé inclu-
sions within a layer of glacial sediment, inset into a layer
of glaclal sediment, or cut completely through a layer of
glaclal sediment. These channel fills are'impcrtant as aqui-
 fers because they are for the most part interconnected with
each other, boih vertically and horizontally. The paths of
these aquifers are sinuous, méklng the prediction of their
location a problem. A buried channel-f111 aquifer outcrops
at the Snake Curve South Section (Figure 3, No. 9); a con-
siderable amount of groundwater discharges lnto the Red Lake
River from this aquifer,

Shoreline sand and gravel 1s also an'important aquifer
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along the Red Lake River, The sénd of the Marcoux Forma-
- tlon exposed in the Three Creeks Section (Figure 3, No. 1)
1s interpreted to be shoreline sand, It i1s up to 20 feet
thick and 1s probably widespread. Shoreline sand occurs at
erosional contacts between layers of glacial sediment,
Shoreline sediment is abundant along'the margin of theARed
River Valley. | |
Aquifers are mainly limited to erosional éontacts be-
tween layers of glacial sediment. Their location 1is obd-
scured by overlying layers of glacial sediment. Their areal
distribution can only be determined by test drilling. Most

of them contaln dependable sources of water for domestic use,
History and Reglonal Correlation

The following discussion deals with the hlstofy and re-
glonal correlation of exposed formations in the study ares.
Inferences made are hased on numerous regional fileld inves-
| tigations and discusslions with Plelstocene stratigraphers

active in the mid-continent aresa.

Gervals Formation

The Gervais Formation 1s pre-Wisconsinan or early Wis
consinan in age (Figure 6). A radiocarbon date from a.log
in the unit indicates an age greater than 39,900 B.P.
(I-5317). The source of the glacial ice which deposited the

unit 1s unknown.
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The Gervals Formation may'bé»correlative Qith a silt
and sand unlt encountered in well borings in the lLake Bron-
son, Minnesota, area (Moran, 1973). These borings range in
depth from 90 to 140 feet and provide abundant organic ma-
terlal. Radlocarbon dates on the orgsnic debdbris recovered
have been greater than 19,000 B.P. (c-u96),'greater than
36,000 B.P. (W-102), greater than 38;000AB.P. (w-1028). |

Marcoux Formatlion

The Marcoux Formstion underlies the St. Kilaire‘énd Red
Leke Palls Pormations. The Red lLake Falls Formation is
thought to be late Wisconsinan., The age of the Marcoux 1is
unknown, but 1t is no younger‘thén late Wisconsinan and is
probably early Wisconsinan or older,

The glaciél ice which deposited the pebbly loam of the
Marcoux Formation 1s thought to have come from the Canadian
Shield to the northeast, because of the douminance of igneous
and metamorphliec rock types. .

The Marcoux Formation is probably correlstive ﬁith the
Hawk CreekVTill in the New Ulm, Minnesota, area. }Maﬁsch
(1971) describés‘the Hawk Creek T1ll as a sandy, clay-loam
with a suite of rockyfragments characteristic to the Lake
Superior reglon.

- Moran (1973) described a sandy loam in the Red River
Valley and adjacent areas. This sandy loam has been'traced
from the Red River Valley subsurfacé to the Red Lake'Riverv

trench (Figure 7). It correlates with the Marcoux Formation.



38

Fig. 7.--Generalized crogss-section showlng strati-
graphic correlations from Grand Forks, North Dakota, to
Red Lake Palls, Minnesota. ,
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Salomon (1973) described a séndy lower till in north-
~eastern North Dakota., It contains abundant4crystalline peb-
bles and is eésily distinguished from overlying, shale-rich
glacial sediments. Salomon cérrelates the sandy lower tiil
wlth the Marcoux Formation. A

Reglonal reconnalissance along the eastern edge of'the
Red Rlver Valley suggests correlation of the glaclal sedi;
ment in the Marcoux Formation with glacial sediment exposed
as far north as the Middle Rifer, Mlnﬁesota. Glaclal sedl-
ment posgibly correlative with the Marcoux has also been ob~
served 1n the Fort Ransom and Devils Lake areas of North Da-

kota (Moran, 1973).

St. Hilaire Formation

The St. Hilaire Formation underlies the Red Lake Falls
Foramation in the northern part of the study area. The Red
Lake Falls’Formation is thought to be late Wisconsinan. The
age of the St. Hilaire Formatlon is unknown but is no
youngef than late Wisconsinan,

The glacial ice that deposited the St. Hilaire Porma-
tion came from the west or northwest. The St. Hilaire con-
tains =8 largé nunmber of shale pebbles. The only known
source of the shale pebbles 1s the Plerre Formation, which
outcrops along the western margin of the Hed River Valley.

The St. Hilalre Formation 1is also seen in outcrop at

Heiberg, Minnesota, on the Wild Rice River. In northeastern
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North Daskota the glacial sediment‘called Unit A by Salomon
(1973) 1s similar to the St. Hilaire Formation in texture
and minerology. It is dor?elated with the St. Hilaire For-
mation (Salomon, 1973).

" Bed Lake PFalls formation

The Red Lake Fallé Formation is thought %o be late Wis-
consinan in age (Figure 6)., It underlies the Wylie Forma-
tion which is late Wisconsinan in age. .

Glaciai ice that deposited the Red Lake Falls Formation
advanced over the study area from the north or northwest. :
Pebbles contained in the Red Lake Falls Formation are domi-
nantly limestone and dolomité. Loker Paleozolce rocks that
suberop in the northern part of the Red River Valley are
thought to be the source of the limestone and dolomite peb-
bles. |

The Red lake Falls Formatioh is the surface sediment in
much of the area outside of the Red River Valley. Salomon
(1973) correlates the Gardar Formation and the Dahlen Forma-
tion of northeastern North Dakota with the Red Lake Falls
Formatlon. The Gardar Formation is probably correlative with
the Granite Falls till (Matsch, 1971) of southwestern Minne-
~sota. The Dahlen Formation 1is probably correlative with'thé
- New Ulm till (Matsch, 1971) of southwestern Minnesota. The
Red Lake Fal1s Formation has been recognized in the Red River
Valiey subsurface (Figure 7) by Moran (1973). | '



Wylie Formation
The Wylle Formation overlies the Red Lake Fallé Forma-

tion from reach C west into the Red River Valley low-land
(Figure 4). The Wylie is late Wilsconsinan offshore 1aké
sediment. It was depbslted during an early phase of Lake
Agassiz. The water was ponded by the retreating glacial ice
that deposited the Red Lake Falls Formation.

The Wylie is present in the subsurféce throughout the
central part of the Red River Valley. It has been recog-
nized in Traill, Grand Forks, and southern waISﬁ Counties,
North Dakota, and Red Lake, Polk, and NbrmanAGount}es, Min-

nesota (Moran, 1973).

Huot Formation

The Huot Formation 1s late wlsconsinan in age (Filgure
6). It was deposited at about 13,500 B.P. (Moran, 1973).
The glacler that deposited the Huot Formation advanced south-
ward down the axis of the Red River Valley to thé Edinburg
moralne.

The Huot Formation is laterally'and chronologically
equivalent to the Falconer.Formation (Moran, 1973). The Huot
is the surface unit in the study area from the Red Lake Falls
area to west of Crookston and in an arcuate belt across the
Red River Valley in Red Lake, Polk, and Norman Counties, Min-
nesota, and Traill County, North Dakota. This arcuate belt
of Huoticoinéides with the morphologlé feature known as the

Edinburg moraine.



Sherack Formation 7

The Sherack Formation is Holocene lake sediment (Figure
6). It was deposited in the water of Lake Agassiz dammed by
the retreating glécier that deposlited the Huot Formation.
Radlocarbon dates from wood at the base of the Sherack For-
mation are 9,930 ¥ 280 B.P., (W-388), 9,900 * Loo 3.P. (W-933),
9,730 ¥ 160 B.P. (I-5123C) and 9,650 ¥ 150 B.P. (I-5123). .

The Sherack 1s present throughout the central part of
the Red River Valley (Figuré 7). It'extends as far north as

Winnipeg, Manitoba.
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‘ Appendix 1
TABULATED LABORATORY ANALYSES OF COLLECTED SAMPLES

This appendix contains a tabulated summary of labora-
tory analyses of collected samples. Table headings include
_sample number (reach, outcrop, and sample number), eleva-
tion, Munsell Soll Color, sand, silt and clay (percentage),
and calcite and total carbonate (percentage). Also in this
appendix are tables of outcfop locations and a summary of
textural and carbonate analyses. All samples collected are
avallable at the North Dakota Geologlcal Survey. Section

descriptions of type and reference sections are 1in Appendix

ITI.



TABLE 1

TABULATED LABORATORY ANALYSES OF COLLECTED SAMPLES

Sample

Fect
Above
Water

Elgvation

Color

Texture

Carbonate

Formation

© Level . Wet Dry 'St;md Silt Clay Calcite Total .
4241 4.5 1087.5 10YR 4/2 2,5Y 6/2 29 51 20 5.4 26,3 St. Hilatire
3 A~2-2 5.5 1088,5 10¥YR 3/1 2.5Y 6/2 30 49 21 5.0 25.8 st, Hilaire
!A-z-a 8.5 1091.5 2.5Y 4/4 2;5x 7/2 35 47 18 5.2 27,1 Red Lake Falls
<@-z-a 10 1093 2.5Y 4/4 2,5¢ 7/4 31 49 20 1,5 25,1 Red Lake Falls
A-6-1 1.5 1076.5 2.5Y 3/2 10YR 6/1 48 40 12 4,2 27,4 St. Hilalre
A-6-3 3 1078 2.5¥ b/k 10YR €/3 66 26 B 5.0 26,9 Red Lake Falls
A-6-4 b 1080 2.5Y 4/4 2,5¢7/4 35 47 18 5.4 27,2 Red Lake Falls
A=6-5 6,5 1081.5 2.5Y 4/ 2.5Y 7/4 35 49 16 4,1 25,7 Red Lake Palls
A-6-6 9.5 1084.5 2.5Y 4/4 2.5Y 7/4 33 47 20 6.7 28.1 Red Lake Falls
A-6-7 10,5 1085,5 2.5Y 4/b 2,5Y 7/4 31 40 29 5.0 27,1 Red lake Falls
A-6-8 21,5 1096.5 2.5Y 4/h 2.5¥ 7/2 23 38 39 4,9 25.5 Red lake Falls
A-6-9 225 1097.5 2.5¥ 4/2 1YR 7/L 3 29 68 8,3 26,7 Huot
2 1099 2057 7/ 27 45 28 5.6 27.2  Red

2.5 4/4

Red Lake Falls

£
N



TABLE 1l==Continued

Feet

Color

Texture

Carbonate

Saqun(ite Q‘}ﬁ: Elevation - Formation
Level Wet Dry Sand Silt Clay { Calcite Total

A-6-11  27.5 1102.5 10YR 4/2 10YR €/1 8 22 70 13,2 26.9 Huot
//B-lul L 1064 2.5Y 5/2 10YR 7/1 61 31 8 8.6 36,1 Marcoux
| B-1-2 6.5 1066.5 2.5Y &4/2 2.5Y 6/2 37 42 21 5.4 26,4 St. Hilaire
‘fB—l~3 10 1070 2.5Y 4/4 2.5Y 6/2 38 43 19 4.5 27,1  Red Lake Falls
:EB-leA 11 1071 2.5Y 4/4 2.5Y 7/2 38 47 15 5.5 27.1 Red Lake Falls
Q B-1-5 13 1073 2.5Y 5/4 2.5Y 7/2 28 47 25 5.8 26,3 Red lake Falls
\8-1-7 16 1076  2.5Y b/4 2.5v7/2 6 51 43 L4 23.3  uylle

‘B=3=2 5 1065 2.5Y 3/2 10YR 7/1 41 40 19 8.8 35.6 Marcoux
B33 6.5 10665 2.5¥ b/ 2,5¥7/2 43 39 18 7.3 29,3 St Hilaire
B-3-5 13 1073 2.5Y 5/4 2,5y 7/2 38 39 23 4,8 28.0 Red lake Falls
\B-3-6 1.5 10615 2.5¥ 4/ 10YR 7/1 35 40 25 9.2 35.6 Mavcoux
B-3A-1 2.5 1060.5 2.5Y 5/2 5Y é/1 50 39 11 9.2 164 Marcoux
'B-3a-2 5 1063 48 40 12 8.8 29.3 St. Hilatre

10YR 4/1

o



TABLE l--Continued

Sample
No.

Feet
Above

- Water

Colox

Texture

Carbonate

Elevation

Formation

1052.5

36

39.7

Level Wet Dry Sand Siit Clay Calcitg Total
/B-34-3 8.5 1066.5 2.5Y 4/2 2,5Y 6/2 4% 39 17 8.2 31.0 Red Lake Falls
) B-3a-k 14 1072 2.5¢ 4/ 5Y /3 37 43 20 5.6 25.5 Red Iake Palls
| ? B-3A-5 17 1075  2.5Y 4/4 2.5Y¥ 7/2 36 42 22 9,0 29.5 Red Lake Falls
\B-34-6  19.5 1077.5 2.5Y¥5/2 2,5¢¥ 6/2 28 34 38 13.0 30.2 Wylle
| /B2 L 1064  2.5Y 4/2 10YR 7/1 53 34 13 9.4 38;0 Marcoux
{ Bl 6 1066  2.5Y 4/4 2.5Y 7/h 36 45 19 5.3 26.7 St. Hilaire
/ B-6=5 11 1071  2,5Y 4/h 2.5Y 7/4 34 43 23 5,2 25.2 Red Lake Falls
| B-6-6  1h 1074  Z.5¥ 4/4 2.5¥7/h 38 43 19 k.5 27,1 Red Iake Falls
\\§-5-7 18.5 1078.5 2.5Y b/h 2.5Y 7/4 21 48 31 11.2 30.5 Wylle
/B-8-1 1 1046  2.5Y 5/2 10YR 7/1 55 35 10 7.3 26,3 Marcoux
.} B=8-2 n 1049 10YR 3/1 5Y 5/1 35 40 25 6,3 25,4 St. Hilaire
i B-8-3 5 1050 5Y 3/1 5Y 6/1 46 41 13 6.5 31.5 Red lake Falls
\B-8-k 7.5 2.5Y 4/2 5Y 6/2 52 12 9.7 Red Lake Falls

8%



~ TABLE 1~-Continued

Feet

Color

Texture

Carbonate

39.7

Sa;y&lc Qvlg: Elovation Formation
Level Wet Dry Sand. Silt Clay. Calcite Total
f%-e-s 8.5 1053.5 2.5Y 3/2 10YR 6/ 52 36 12 9,4 37,2 Red lake Falls
7 \p-8-€ 12 1057 2.5¢ 5/4 2.5Y 6/2 46 41 13 2.4 22.8 Red Lake Falls
: (@-8-10 -1k 1059 2.5Y 3/2 2.5Y 6/2 33 47 20 5.3 24.8 Wylie |
/B-11-1 5 1045  2.5Y 5/2 5Y 6/1 55 36 9 5.0 25.9 Marcoux
B-11-2 7 1047 2.5Y 5/2 2.,5Y°7/2 56 3% 10 ‘7.u 26,4  Marcoux
| B-11-3 9 1049  2.5Y 4/2 5Y 6/1 58 32 10 6.2 24,5 Marcoux
% B-11-4 11 | 1051 2,5Y 5/2 5Y 6/1' 58 132 10 5;0 24,8  Marcoux
“~§ B=11-5 12 1052 10¥YR 3/1 5Y 5/1 32 43 25 6,0 25.9 St., Hilaire
f B-11-6 13 1053  2.5¥ 4/2 2.5¥ 6/2 53 32 15 9.5 138.5 " Red Lake Palls
- B-11-7 15 1055 2.5Y 4/2 2,5Y 6/2 52 35 13 1.6 39;4 Red Lake Falls
B-11-8 17 1057 2.5Y 5/2 5Y 6/1 51 37 12 9,1 38,0 Red Lake Falls
. B-11-9 19 1059 2,5¥ 5/2 5Y 6/1 45 38 17 9.1 40.6 Red Lake Falls
“\5-11-16 21 1061 2,5Y 5/2 2.5Y 6/2 52 34 14 8,7 Red Lake Falls

64



TABLE 1--Continued

1

1068.5

2.5Y 4/4

Feot | Color Texture Carbonate
nglr:);?lc ’ ‘?,x?;g Elevation . Formation
Level Wet Dry Sand Silt Clay Calcite Total
B-11-11 23 1063 2.5Y b/2 s5Y 6/1 48 39 13 13.6 37.8 Red Iake Falls
B-11-12 24,5 106k.5 2.5Y 5/2 2.5Y 7/2 49 35 16 1L,6 37,7 Red lLake Falls
B-11~13 25.5 1065.5 2.5Y 4/2 2,5Y /2 56 37 7?7 7.2 36,0 Marcoux
B-11-14 26.5 1066.5 2,5Y 5/3 2.5Y 6/2 27 34 39 8.7 36.7 St. Hilaire
| B-11-15 28 1068  2.5Y¥ 4/2 S5Y 6/1 44 37 19 9.9 38.0 Red Lake Falls
B-11-16 30 1070  2.5Y 4/4 2.5Y 7/2 45 41 14 7.4 36.5 Red lake Falls
B-11-17 32 1072  2.5Y b/b 2.5Y¥ 7/2 43 37 20 11.0 35.1 Red lake Falls
/B-114-1 1048 5Y 41 SY 6/L 57 35 8 6.2 24,5 Marcoux
;kB-llA-z 1049  10¥YR 2/1 5Y 5/1 36 41 23 4.1 17.9 St. Hilaire
f B-114-3 7 vylosz | 2.5Y 4/2 5Y 6/1 50 36 1t 9.8 41,5 Red Lake Falls
. B-11a-6 15 1060  2.5Y 4/2 5Y 6/1 50 36 14 11.0 37,9 Red lake Falls
| B-11a-7  2L.5 1066.5 7.5YR6/4 7.5Y7/2 38 b 18 15.7 58.5 St. Hilalre
B-114-8 23.5 2.5Y 7/2 33 60 7. 5.6 25.9 Red Lake Falls

0%



TABIE l--Continued

Feot

Color

Texture

Carbonale

11.2

Sﬂ}fqﬂgc ‘;‘,’d";‘: Eievation - 7 Formation
) Level Wet Dry Sand Silt Clay Calcite Total”
C-2-19 6 1033  2.5Y 5/2 2.5Y 7/2 51 4o 9 6,5 26,3 Marcoux
Cc-2-18 8 1035 5Y 4/2 5}[ 6/1 47 43 10 5.8 25,5 Marcoux
C-2-17 11 1038  2,5¥ /2 2.5Y 6/2 52 35 13 7.2 24.6 Marcoux
c-2-15 15 - 1042 2.5Y 4/2 s5Y 6/1 58 32 10 5,8L 23,7  Marcoux
[ €-2-138 18 1045 10YR 3/1 5Y5/1 37 37 26 9,0 30.2 St. Hilaire
20-2-13A‘ 18,5 1045.5 10YR 3/1 5Y 5/1 30 38 32 6,1 29,3 St. Hilatre |
?c-z-lz 20 1047 2.5¢¥ 4/2 5Y /1 51 32 17 8,2 35.8 Red Lake Falls |
‘ %c~z-23 20,5 1047.5 2.5Y 4/2 5Y 6/2 50 33 17 9.6 36,8 Red Lake Falls
i C=2-11 22 1049 2.5Y 4/2 5Y 6/1 43 41 16 9.6 38.6 Red Lake Falls
. C=2=22 23 1050 2.5Y 4/2 5Y 6/1 ‘hé 28 16 11.7 38.2 Red lake Falls
¢-2-10 24 1051 2.5Y 4/2 5Y 6/2 43 43 14 2,0 30.1 Red Lake Falls
2 C-2-21 25 1052’ 2.5Y 5/4 Z.SY‘7/2‘ 47 37 16 10.5 37.5 Red Lake Falls
i\g-z-a 26 1053 2,5Y 3/2 5Y 6/1 31 53 16 36,2 | Reafxake Fa11s,
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Sumple | ABOY | Fievaton , Formation
Level Wet Dry §and sit ) Clay Calcite Total

C=2-20 28 1055 klOYR 3/3 5Y 6/1 36 46 18 10.5 34.8 Red Lake Falls

G-2-7 30 1057 10YR 3/2 5Y 6/1 41 43 16 10,8 34.3 Red Lake Falls
| c-2-6 32 1059 2.5Y 5/4 2,5¢¥ 7/2 46 38 16 9,6 32,9 Red Lake Falls
' ge2-5 3% 1061  2.5Y 5/4 2.5Y 7/2 45 40 15 10.4 34.8 Red Lake Falls
CGe2-l 37 1064 2.5¥5/h 2.5¢ 6/4 4k 39 17 7.6 30.2 Bed Lake Falls
€-2-3 39 1066 2,57 b/ 2.5 &/b 3% 43 23 5.6 26.5 Red Lake Falls
C-2-2 b2 1069 2.5¥ 4/h 2,5¥ /b 38 40 22 3.0 25.7 Red Lake Falls
\G-2-1 45 1072 2.5 5/ 5Y 7/3 30 46 22 6.6 26,1 Red Lake Falls
fsa-1 7 1017 sy /2 sY 6L 53 35 1z Marsoux
( C-5A-2 9 1019 5Y 4/2  5Y 6/1 54 34 12 5.5 22,0 Marcoux
| C~58-9 9 1019 st 4/2  SY 6/L 66 27 7 4.7 213 Marcoux
lc-5A=3 1L 1021 2.5 5/h 2.5Y 7/2 3.2 18,0 Red Lake Falls
\c-sa-4 13 2.5Y 5/2 SY 7/1 49 35 16 10,6 4z.b Red lake Falls

fa

TABLE l--Continued

Feet

Color

Texture

Carbonate

1023

43



TABLE l~-Continued

Feet

PN

Color Texture Carbonate
ST | Ve | Elevtion Formation
Level Wet Dry Sand Silt Clay | Calcite: Total
/C-54-5 15 1025  2.5Y 4/2 S5Y 6/1 51 36 13 12.8 43,3 Red Lake Falls
C-5A-11 16 1026  2.5Y 5/2 2.5¥ 7/2 57 33 10 4.9 19.4  Red Lake Falls
’ C-54-6 18 1028  5Y 4/2 5Y 6/1 48 38 14 10.5 138.5 Red Lake Falls
C~-5A-68 18 1028 . 2.5Y 4/4% 2.5Y 6/2 49 34 .17 10.6 38.0 Red Lake Falls
C-5A-7 21 1031  2.5Y 4/b 2,5¢ 7/2 40 A4 16 9,4 28,4 Red Lake Falls
| i\C_-EA-e 34 1044 2.5Y b/ 2.5Y 7/2 35 44 21 6.1 2'8.5 ‘Red Léke Falls
, C=7-1 6 1001  2.5Y¥ 4/ 5Y 6/1 60 30 10 6.0 22,4 Marcoux
C-7-2 9 1004  2.5¥ 5/2 SY 6/1 59 32 9 5,2 21,3 Marcowu
C-7-3 12 1007 2.5Y5/2 5¥7/1 58 20 22 3,7 29.3 Marcoux
C-7-4 15 1010 2.5 4/2 2.5¥ 6/2 56 36 B 5.5 25.0 Marcoux
=75 18 1013 2.5t 4/2 5Y 6/1 52 37 11 4.9 248 Marcowx
c-7-6 21 1016 2.5 b/2 2.5¥ 7/2 55 39 6 7.5 26.0 Marcoux
c-7-8 26 1021 SY3/L ST 6/1 4L 45 b 7.4 30,3

Red Lake Falls

£S



TABLE l--Continued

Feet

Coldr

Texture

Carbonate

Sample oove | Elevation Formation
. Level Wet Dry Sand | Sit | Cay | Calite | Total
/c-.v;g 29 1024 5Y3/1L  SY 61 36 bb 20 5.7 26.8 Hed lLake Falls
[ c-7-20 32 1027 5Y 3/1  5Y 6/1 35 36 29 5.4 25,4 Red lake Palls
\ C-7-11 35 1030  2.5Y 4/% 2.5Y 6/4 3% 38 28 6,8 26.4 Red Lake Falls
JJeer-12 38 1033 2.5¥ 4/2 5 6/3 36 46 18 5.2 26,8 Red Lake Falls
| é C=7-13 41 1036 2,5Y 6/ 2,5Y¥ 4/ 35 42 23 6,9 26,4 Red lake Falls
Dgapal Lk 1033 2.5Y 4/4 S5Y 6/3 35 40 25 6.7 26.5 Red Lake Falls
| c-p-ls b7 lok2  2.5¥h/k SY7/3 3 47 19 5.1 30.3 Red Lske Palls
\g-7-16 50 1045  5Y &/4  5Y 7/3 28 3% 38 7.5 26,8 Wylle
C-10~2 6 986 ST L/l 5Y 6/1 b 41 15 8,7 44,0 Red Lake Falls
c-10-3 12 992 2,5Y 4/2 2.5Y 6/2 43 34 23 10.0 35.4 Red Lake Falls
C-10-4 32 1012 5¢y 4/1 5Y 6/1 43 &5 12 7.4 35,9 Red Lake Falls
| -10-5 44 1024  2.5Y 5/ 2.5Y¥ 7/2 43 42 15 7,5 31,0 Red Lake Falls
C-10-6 50 1030  2.5Y¥ 5/ 2,5¥ 7/2 4h 35 21 9.1 31.6 Red lake Falls

G



TABLE 1l--Contlnued

Sample
No.

Feet
Above
Water
Level

Elevation -

Colot

Texture

Cartbonate

Wet

Formation

Dry Sand | it | Clay Calcite | Total
jﬁ~10-? 58 1038 2,5Y 5/b 2.5¥ 7/2 25 47 28 8.1 28,0 Red Lake Falls
' 0-10 1 66 1046  2,5Y 4/2 2.5Y 5/2 29 52 19 5.6 25.6 Red Lake Falls
D-1-2 21 991  5Y 3/1  5Y 6/1 36 52 12 7.7 29.2 Red Lake Falls
O {D-l—B 27 997 5Y 3/1 5Y 6/1 35 54 11 5.0 26.5 Red Lake Falls
A\ D-1-4 32 1002 2,5Y 4/2 2.5y 6/2 38 A5 17 5.7‘ 26,8 Red Lake Falls
p-2-1 1 966  2.5Y 3/2 5Y 6/1 42 36 22 8.8 32,9 Red Lake PFalls
j}D~2~5 6 971  2.5Y 4/2 5Y 6/1 43 39 18 1l.1 35,7 BHed Lake Falls
;D-Z-B 8 973 2,5 4/ 2.5 7/2 43 38 19 8.3 35.6 Red lake Falls
;p-z-a 16 981 2.5 4/4 2.5 7/2 42 38 20 1l.1 35.8 BRed Lake Falls
/’15. 18 980  5Y b/2  5Y 6/1 53 3% 13 7.9 29,5 Marcoux
1 De24w2 20 - 982 5Y 4/2 5Y 6/1 53 37 10 5.4 27,3 Marcoux |
D-24~3 21 983  5Y 3/1  5Y 6/1 34 &5 21 6.5 28,7 Red Lake Falls
<9~2A~4 23 985 5Y 3/1 10YR 6/1 37 45 18 5,7 28,7 Red Lsake Falls
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TABLE 1--Continued

Yeet Color Texture Carbonate
Sample | e | Elovation Formation
Level Wet Dry Sgnd Silt Clay Calcite Total
) D-2A~6 55 1017 2.5Y 3/2 5Y 6/2 27 53 20 3.9 25.0 Red Lake Falls
f’ﬁmatz 963  10YR 3/2 5Y 6/1 51 42 17 8.2 W.6 Red Lake Falls
D-3-3 6 966 10YR 3/3 2.5Y 6/2 43 38 19 8,2 '33.2 Red Lake Falls
| D=3~ 9 969  10YR 3/2 5Y 6/2 L3 39 18 10.5 34,5 Red lake Palls
f D~3-=5 12 972  5Y 4/2 5y 6/2 b2 39 19 7.b 33.2  Red Lake Falls
f D-3-8 26 986  2.5Y 4/2 2.5Y 6/2 36 43 21 6,1\'27,2 Red Iake PFalls
\\9-3 7 29 989  sY¥ 4/2  5Y7/2 19 '43 38 6.8 26,1 Red lake Palls
ﬁ D-3A-1 9 964 5Y 5/2 5Y 6/1 50 38 12 5.4 29,0 Marcoux
E‘D-sa-z 12 967  sys/z2 5Y /1 51 38 11 7.4 30,1  Marcoux
;; D-34-3 15 970 5Y 5/2 5Y‘ 6/1 4 42 10 8.0 .30.6 . Marcoux
| D~3A—1+ 18 973 2.5Y 4/2 5Y 6/1 51 39 10 7.4 29,7 Marcoux
D-3A=5 21 976 2.,5Y 4/2 5Y 6/1 50‘ 38 12 8.3 30.5‘ Marcoux
~D-3A-6 24 979  2.5Y 5/2 5Y 6/1 51 38" 11 6.1 31,6 Marcoux

GG



TABLE l1-~Continued

Sample

Feet
Above

Elevation

Color

Texture

Carbonate

e Lovet Wet Dry Snd | St | Cay | Calite | Tota romater
D-34-7 26 981  2.5Y 4/2 5Y 6/1 50 37 13 10.0 137.2 Marcoux
D-3A-9 30 985 5Y 3/1 5Y 5/1 37 b2 21 6,3 27,9 Red Lake Falls
1‘ D-3A-10 32 987  2,5Y 3/2 2.5¥ 5/2 40 42 18 44 26,1 Red Lake Falls
| D-3a-11 40 995  2.5Y 3/2 2.5¥ §/2 38 43 19 6.6 28.0 Red Lake Falls
L\g-3a-12 Lé 1001 2,5Y 4/2 2,5Y 6/2 36 46 18 4,7 33.2 Red Lake Falls
/CW=1-1 U4 999  10YR 3/3 5Y 6/3 36 41 23 4.8 27,4 Red Lake Falls
{ CW-1-2 41 996  2.5Y 4/2 2,5Y¥ 6/2 136 40 24 5.2 29.2 Red Lake Palls
2 CW=-1-3 38 993 2.5Y 3/2 5Y 6/1 11.2 41,0 Red lake Palls
;5 CW=1-4 35 990 | 37 38 25 8,6 4l.2 Red lake Falls
; CW-1-5 32 987  5Y 3/1 5y 6/1 32 41 27 12,8 40,1 Red lake Falls
f CW-1-6 27 982  2.,5Y 5/b 2,5y 7/2 12 72 16 5.6 38,7 Marcoux |
\ Gi-l7 23 978 2.5¥4/h SY 6/3 51 16 33 6,0 30.7 Marcour
&w-.l-.a 20 975 - 2,5Y §/4 2,5 7/2 50 16 5.4 30.1

Marcoux

LS



TABLE l--Continued

48

32,2

~ Feet Color Texture Carbonate
7 Saﬁgle , %&:‘: Elevation Formation
Level Wet Dry - Sand Sitt Clay | Calcite | 'Total
{EW~1P9 17 972 2.5Y 5/h 5Y 6/3 53 33 14 5.6 30.4 Marcoux
1 CcW-1-10 14 969  2.5Y¥ 4/2 5Y 7/2 55 31 1 6.8 30,5 Marcoux
(gw-l—ll 11 966  5Y 5/2  5Y 6/2 53 32 15 5.8 29.3 Marcoux
f/b-a-l 19 L7 S5Y 4/2 5Y 6/1 53 32 15 3.7 35.7 Marcoux
| Dbz ho 980  2.5Y 5/2 2.5Y 7/2 43 32 25 10.3 4.5 Red Lake Falls
E D~li-3 b3 983  2.5Y B/2 5Y 6/1 - 45 33 22 9.1 33.2" Red Lake Falls
| D-b-by 49 989  2.5Y 4/4 5Y 6/3 40 33 27 5.7 27,2 Red Lake Falls
fiXD-u-s 55 1995 2.,5Y 4/4 5Y 7/3 36 3u’ 30 6.2 26,3 Red Lake Falls
' Db-6 59 999  2,5Y 4/4 5Y 7/3 28 32 40 5.1 27,5 Red Lake Falls
 D=b-? 61 1001  2.5Y 5/6 5Y 7/3 17 51 32 5,9 28.4 wylle o
% D-4~8 62 1002 2.5Y 3/2 5Y 5/1 0 25 75 3.0 26,1 \Wylte
\ D=9 66 1006  2.5¥ 5/2 2.5¥7/2 2 6 92 k.7 26,3 Huot
» D-5-1 3 943  5Y 3/1  5Y 6/1 16 36k Gervals

8%



‘ TABL‘E 1-=Cont {nued

Foot

Color

Texture

Carbonate

29

23

. Sa}g:)yfie , ’mﬁf Elevation Formation
, | Lewl Wet Dry | Sand | it | Cay | Calite | Total
D-5-2. 6 946  5Y 3/1  5Y 6/1 21 45 34 Gervais
/ D-5-3 9 949  5Y 3/1  S5Y €/2 20 47 33 4.5 19.8
\ D54 12 952  5Y /2  5Y 6/2 4,9 17.7 Gervals
E D-5-5 15 955 5Y¥ 3/1  5Y 6/2 20 47 33 3.7 18.6 Gervals
\ D-5-6 18 958  5Y 3/1  5Y 6/2 22 48 30 3.7 17.3 Gervals
,f Dw5=7 21 961 5Y 3/1  5Y 6/2 18 48 34 L4 18,7 Gervals
5 D-5-8 24 964  5Y 3/L 5Y 6/z 18 46 36 5,0 20.2 Gervals
D-5-9 24,5 964.5 2.5YR3/2 5Y 6/1 20 43 37 5.9 28,6 QGervals
D=5-10 25.5 965.5 5Y 5/1 5Y 6/1 5‘0 , | 35 15 4,1 39.7 Marcoux |
D-5=16 45 985  2.5Y 4/2 2.5Y 6/2 44 31 25 9.5 35.3 Red Lake Fells
D=5-17 47 987 . 2,5Y 4/2 2,5Y 6/2 42 29 29 6,9 29.0 Red lake Falls
; D-5-18 47 987  2.5Y 4/2 2.5Y 6/2 b6 31 23 7.3 33.7 Red Lake Falls
\D-5-19 50 990  2.5¥ 4/2 2.5Y 6/2 48 6.5 31.0

Red Lake Falls
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TABIE 1--Continued

Fect

Color

Texture

Carbonate

2.5Y 3/2

>2-5Y 5/2

’ Sample Yoove | Elovation - Formation
. Level Wet Dry Sand Sit Clay Calcite Total
D-5=20 53 - 993 2.5¥ 4/2 2.5Y 6/2 43 28 29 5.4 32.7 Red lLake Falls
D-5-21 56 996  2.5Y 4/2 2.5Y 6/2 38 32 30 5.1 25.5 Red Lake Falls
olpes-22 59 999 2.5¥ 4/2 2.5¥ 6/2 38 35 27 5,2 36,5 Red lake Falls
5 D-5-23 61 1001 2,5Y 4/b 2.5Y 6/2 19 42 39 3.9 24,8 Red Leke Falls
\\9-5-2u 65 1005 . 2,5¢ 4/b 2.5¢Y 7/2 20 42 38 6.1 26.9 Red Lake Palls
, g?-7-1 11 941 2,5¥5/2 5Y¥7/1 51 28 21 5.7 2.7 Marcoux
D=7-2 16 946  10YR 3/2 5Y 6/1 37 31 32 6.6 27.3 Red lake Falls
”'{b—BA—Q 5 933 531 5Y 6N B1 33 26 7.3 30.2 Red Lake Falls
D-8A-1 17 ohs  5Y¥ 3/1  5Y 6/1 39 38 23 7.3 29.1 Red Lake Falls
(B-10-1 6 931 10YR 3/3 ‘2.51 5/2 40 3% 26 6,1 28,2 Marcoux
J D-10-2 9 93  5Y 3/1  10¥YR 6/1 37 33 30 6,1 26.5 Marcoux
) D-10-3 11 936  2.5Y 4/2 2.5Y 6/2 20 44 36 4,5 24,2 Red Lake Falls
&p,lo-u 14 939 30 35 35 3.7 23.5 Red Lake Falls

09



TABLE l--Continued

Sample
No.

Feet
Above
Water

Level

Elevation

Color

Texture

Carbonate

Formation

19

Wet - Dry Sand | - Silt Clay Calcite Total
D-10-5 25 950  2.5¥ 3/2 2.5¥ 6/2 8 22 70 6,9 28,1 Huot
D-11-1 6 929  2.5Y 3/2 2.5¥5/2 1 52 34 4,9 18,7 GCervals
D-11-2 9 \932 2.5Y 3/2 2.5Y 6/2 15 54 31 3.0 1l6.6 Gervails
D-11-3 12 935  2.5¥ 3/2 2.5Y 6/2 13 52 35 3.3 22,9 OCervals
D-11-4 15 938  2.5Y¥ 3/2 2,5¥ 6/2 40 37 23 6.9 29.6 Red Lake Falls
~;D-11~5 18 941 2.5Y 3/2 2.5Y 6/2 42 39 19  3.6 26;9 Red Lake Falls
{1 D=11-6 21 944 2,5¥ 4/2 SY 6/1 36 41 23 7.0 29.2 Red lake Falls
D-11-7 2% 947 2,5¥ 3/2 5Y5/2 37 38 25 6,0 264 Red Leke Falls
p-11-8 27 950 10¥R 3/2 5Y5/1 38 38 24 5.1 3L.1 Red Lake Falls
. D=11-9 31 954  2.5Y 4/h 5Y 6/3 19 46 35 6.1 29.8 Wylte
f D-11-10 33 956 2.5Y 3/2 5Y 5/1 2 30 68 5,2 26,2 Huot
. D-11-11 35 958 2.5Y 4/2 SY 6/1 16 30 Sh 7.7 3.9 Huot
\\Qfll-IQ 38 -‘961 | 5Y 3/1 6.2 22,6 _ Huot

5Y 6/1 1 12 87



TABLE l-fCOntt nued

Fect

Color

Texture

Carbonate

Sowple | awer | Mieation Formation
. Level Wet Dry tSand Silt Clay Calcite Total
/6-12-1 é 926 2.5Y 4/2 2.5Y 6/2 o 35 24 5,1 28,4 Red Lake Falls
D-12-2 9 929  2.5Y 4/2 2,5Y 5/2 37 34 29 4,7 33.2 Red lake Falls
D-12-3 11 931  2,5Y 4/2 2,5Y 6/2 39 36 25 5.6 27,3 Red Lake Falls
L D-12-4 13 933  2.5Y 4/2 2.5Y¥ 7/2 13 43 44 5.0 241 Red Lake Falls
1D~12-5 16 936 2.5Y 3/2 2,5Y 7/2 9 26 65 5.7 24.0 Red Lake Falls
;D-lz-é 25 945‘ 2.5Y 3/2 S5Y 5/1 '8 20 70 4,8 25,8 Huot
/D-l2-7 28 948 2.5Y 32 5Y 5/1 8 17 75 7.0 30.7 Huot
k?-12~8 31 951 5Y3/1  5Y5N 8 21 71 3.9 27.0 Huot
D-12-9 33 953 SY3/1 5 5/1 7 18 75 5.6 27.5 Huot
(Eul-l 6 919 5Y 3/1  5Y 6/1 51 35 1% 5,0 22,3 Marcoux
JE-1-2 9 922  5Y 4/1  5Y 6/1 52 25 23 S.4 24,4 Marcoux
‘§E~1~3 12 925  2.5¢ b/2 SY 6/1 53 30 17 3.9 24,0 Marcoux
k§~1-u e 927  5Y 4/1  5Y 6/1 51 28 21 5.2 22,3 Marecoux

9



TABLE l--Continued

Feet

~ Color

Texture

Carbonate

Level Wet Dry Sand | Sitt | Chy | Calcite | Total
"E-1-5 16 929  2.5Y 4/4 S5Y 6/1 43 31 26 9,2 39,2 Red Lake Falls
E-1-6 17 930  5Y 4/1  5Y 6/1 41 3% 25 11,2 43,8 Red Lake Falls
7 2 E-1-7 19 932 2,5Y 4/2 2,5¥ 6/2 43 33 24 8,1 31,1 Red Lake Falls
(B-1-8 22 935  2,5Y3/2 2.5¢5/2 3B 35 27 5.7 27.0 BRed Lake Falls
/G-3-1 3 852  2.5Y 3/2 5Y 5/1 7 16 77 7.3 26,3 Huot |
S G=3-2 9 858  2.,5Y¥3/2 5Y 6/1 8 20 72 6.1 28.9 Huot
(0-3-3 15 86k SY3/1  SY6/2 7 18 75 6.9 25,5 Huot
G-3-4 20 869  2.5Y3/2 SY 6/1 7 16 77 7.5 27.5 Huot

£9



TABLE 2

SUMMARY OF TEXTURAL AND CARBONATE ANALYSES

TEXTURE |  CARBONATE
Formation Sand S11t Clay Calcite Total
Mean < Mean & Mean < Mean & Mean s
Huot 6.7 3.6 19.8 6.5 73.4 B,6 6.8 2.2 22.5 4.3
Red Lake ' |
Falls “0.3 609 ) 39-3 507 200)‘* 508 : 703 24»5 31-‘“’ 5-1
St.Hilaire 36.1 6.6 41,6 4;5 22.2 7.2 7.0 3.0 24,8 7.6
'Marcoux' 52-8 50“ 3“-“‘ - 4,6 12.8 600 603 105 28,1 501
Gervais 17.9 3.0  48.2 3.3  33.9 2.1 4.3 .8 143 5.b

h9




LOCATION OF MEASURED SAMPLE

Reach/
Qutcrop Neme
A-2
A=-6 Fisherman's Curve
Sectlon
B-1 Stony Bench
Section
B-3
B-3A Small Creek
B-6
B~-8 .Befuddlement Bar
Section
-11 Opernockity
Section
B~11A Sleepy Hollow
Section
c-2 Powerline Section
C=-5A
C-7 Needles Eye
Sectlon
C-10 Knifes Edge
Section
D-1
D-2

©SW/b,

65

TABLE 3

SECTIONS

Locat ion

NW/4, SE/k, NE/4
T 153 N, R 43

SW/k, SE/b,
T 153 N, R 43 W

NE/&, NE/4, NW/#, sec. 17,

Sec. 20,

Sec. 29,

T 152 N, R 43

NE/4, SE/4&, SW/4,
T 152 N, R 43 W

SE/4, sw/lb, SE/b,
T 152 N, R 43 W

NE/4, NE/&, NW/b,
T 152 N, R 43 W

sw/4, NE/4, SE/4,
T 152 N, R &3 W

SE/4, NE/l, SE/b&,
T 152 N, R a; W

NE/4, NE/4, SE/k4,
T 152 N, R 43 W |

SE/4, SE/4, NE/4,
T 151 N, B #3 1

w/z2, sh/u SE/4, Sec. 7,

Sec. 17,
Sec. 17,
Sec. 29,
Sec. 32,
Sec. 32,
Sec. 32,

Sec, 5,

T 151N, R 43 W
'SW/4, NE/4, SE/b4, sec. 18,

T 151 N, R 43 W

NW/h, N/, SE/u See. 19,

T 151 N, R #3

N/2, SE/k4, ﬁw/u Sec. 24,
T 151 N, R Lb W

SWw/4, Ni/4, SE/4, Sec. 13,
T 151 N, R Q# W



Reach/
Cuterop

D-3A
cw-1

D-4

D-84A
D-10
D-11
D-12

E-1

66

TABLE 3--Continued

014 Dam Section

Damned House
Section

Clearwater Section

Three Creeks
Section

Possil Plate
Section

Moo Polnt Section

Snake Curve North
Section

Schist Cliff
Section

Convent Cut
Section

location

NW/4, NE/4, NE/4, Sec. 23,
T 151 N R 4“ W

SE/b, NW/l4, Sec. 14, T 151 N,
R bW

SW/4, NE/4, SE/&, sec. 15;
T 151 N, B 4“ W

NE/4, NE/4, Sec. 22, T 151 N,

R 4w

NW/4 SW/4 33/4 Sec. 16
158 N, R4k w ' ’

NE/4, NE/4, NW/4, Sec. 21,
T 151 N, R "By W ‘

Nw/u, NW/4, NW/4, Sec. 20,
T 151 N, B &b W

SE/4, NW/4, SW/#, Seec. 17,
T 151 N, R'4b W

NW/4, NE/b4, SW/b, Sec. 18,

7 151 N, R by W
N/2, NE/&, NW/4, Sec. 19,

P ISL N, R 4N W

NW/4, sW/k, Sec. 18, T 151 N,
R B4 W ~

NE/Q 53/4 SE/A Sec. 24,

P

151 N

SE/k, SE/u Sec. 22, T 151 N, * /)

R 45’

SW/L, SE/4, SE/k, Sec. 32

T 150 N, R 46 w
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Appendix II
DETAILED DESCRIPTION OF LITHOSTRATIGRAPHIC UNITS

This appendix includes detéiled discussions of 1litho-

stratigraphic units exposed along the Red Iaké River trench.
GERVAIS FORMATION (New)

Sourée of name: Gérvais Towﬁship,rﬁed Lake County,
Minnesgota. | J ’ .

Type area: The Red ILake Palls area of Minnesota.

Type section: Three Creeks Seétion, NE 1/4, NE 1/k,
NW 1/b4, Seec. 21, T 151 N, R 44 W (Appendix III). 4

Reference section: Moo Point Section, NE 1/4, NE 1/4,
N4 1/4, Sec. 19, T 151 N, R 44 W (Appendix III). |

- Description of unit: The Gervails Formation is ﬁnbeddéd,

silty, very slightly pebbly cla?-loam, It is light olive
gray ( 5 ¥ 6/2) (Munsell Soil Color Chart) when dry and very
dark gray (5 Y 3/1) when moist. In outerop, it tends to
part or flake along joints that are oxidlized to dark brown‘
(7.5 YR 3/2), giving the outerop a brownish cast. Abundant
wood chips, twigs, and logs up to 6 inches across occur 1n
the Gervals Formstion. Fragments of mollusk shells, inseects,
carbon flakes and green moss are 8lso present. Abundance of
all organic materlal decreases upward, and the abundance of
pebbles 1pcieases upward. A few cobbles are present near

the upper contact. Though not abundant, sand lenses a few
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millimeters thick are present with‘incraasing abundénce up-
Ward, | | ,

The Gervals Formation contains 15% to 21% sand, 45% to
51% silt, and 32% to 36% clay. It contains about 15% total
Vcarbonaté material finer than 200-mesh, |

Nature of contacts: At the Three Creeks Section, thé
contact of the Gervals Formation with the overlying Marcoux
,Formation is sharp, and cobbles are concentrated along the
, contéct. At the Moo Polnt Section, the ngceux Formation 1s
absent and the Gervais Formation is 1in sharprto gradational
contact with the Red Lake Falls Formation. Cobbles are con-
centrated at the contact here also. The lower contact of the
formation has not been observed, and 1ts nature 1s unknown.

Regional extent and thickness: The Gérvals Formation
1s exposed at only two known outerops 1n the Hed Lake River
valley (Figure 4). The Cervals Formation 1s at least 40 feet
thick at the Three Creeks Section,

 Differentiation from other units: The Gervals Formation

is overlain by the Marcoux Formstion at the Three Creeks Sec-
tion and by the Red Lake Falls Formation at the Moo Point
Section. ’It may be differentiated from both of these forma-
tions on the basis of 1ts finer texture, darker color, aﬁd
the preéence of orgaﬁic debris. ‘

Origin: The CGervais Formation probably consisté of
glacially mo&ified fluvial or 1acustriﬁe sediment. The homo-
genlzing effect of the reworking increased upward through
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the formation. The silt and clay was probably derived lo-
cally. |

Age and correlation: The Gervails Fbrmation is Early
Wisconsinan or pre-Wisconsinan in age. A radlocarbon date
obtalned from a log ﬁear the base of the Three’Creeks Sec-
tion 1is greater than 39,900 B.P. (I-5317).

The Gervals Formation may be correlative with a Silt
and sand unit found in well borings in the Lake Bronson,
Minnesota, ares. These borings renged in depth from 90 to
140 feet and produced abundant organic material. Radio-
carbon dates on the organlic debris recovered have not been
finite: greater than 19,000 B.P. (C-496, greater than
36,000 B.P. (W-102), greater than 36,000 (W-498), and
greater than 38;000 (Ww-1028).

MARCOUX FORMATION (New)

Source of the name: Marcoux Corners, Red Lake County,
Minnesota, located on the Red Lake Falls 15-minute quad-
rangle. |

Type area:. Red Lake Falls area, Minnesota. ‘

Type section: Clearwater Section, NE 1/4, NE 1/4, Sec.
22, T 151 N, R 44 W (Appendix III). | .

Reference sections: Needles Eye Section, SW 1/4, NE 1/,
SE 1/4, See. 18, T 151 N, R 43 W (Appendix III); and Damned
House Section, SW 1/4, NE 1/4, SE 1/4, Sec. 15, T 151 N,
R 44 W (Appendix III). | |



70

Description of unit: The Mafcoux Formation is unbedded,
very sandy pebble-losm. It contains 48% to 58% sand, 30% to
| 40% s11t, and 8% to 18% clay. Total carbonate material finer
than 200-mesh is 28%. The formatlon is light gray (5Y 6/1)
when dry and grayish brown (2.5 Y 5/2) when wet.  In weath~ 
ered outcrops it is extremely hard and stands 1n nearly veré |
- tical slopes. It is not consplcuously jointed. Pebbles,
cobbles, ahd boulders are abundant 1ln this~fcrmation. - Rap~
' 1ds along the Red Lake River are generally assoclated with
outerops of thevﬂarcoux Formation. Pebble lithology is
about 66% igneous and metamorphic rock types and 33% lime-
stone and dolomite. Shale pebbles are rare.

Nature of the contacts: The lower contact of the for-
metion has been seen only at the Three Creeks Section, where
the Marcoux Formation overlies thé Gervals Formtlon., Here
the contact 1is sharp. Cobbles are concentrated st the con-
tact. v> | _

North of the Powerline Section (Figure 9, No. 5), the
Marcoux 1s overlaln by the St. Hilaire Formation (Figure 4).
The contact between these formations is sharp and generally‘
marked by a boulder pavement. Where the boulder pavement 1s
absent, a‘bed of sand as much as 18 inches thick 1s commdﬁly
presento ‘

South and west of the Powerline Section, the Hafcoux

is>over1ain:by the Red Léke Falls Formation (Fiéure ). The

cbntact between these formations is sharp and marked by a R



71

bed of sand or sand and gravel ranging in thlckness from a
few inches to 17 feet. A boulder pavement 1s present 1in
some outerops but is not common.

Regional extent and thickness: The Marcoux Formation
1s exposed in the Red Lake River trench for a distance of
about 20 miles, from south of Thief River Falls to west of
Red Lake Palls (Figure 4). It has been éeen in outerop
from Florian, in Marshall County, Minnesota, to Ulen, in
Clay County, Minnesota, a distance of about 100 miles."Sub~
_ surface investigators in the Red River Valley also report a
sandy, pebble—loam believed to be the Marcoux Formation
{(Moran, 1973). The Marcoux Formatlon is thought to extend
from north of the Canadlan border throughout northwestern
Minnesota and eastern North Dakota. ’

Exposed thicknesszes of the Mafcoux Formatioh range from
€ inches to 27 feet. Attempts to penetrate the formation |
with truck-mounted power auger have been frustrated by its
high boulder content and extreme hardness. Borings in the
Grand Forks area encountered as much as 64 feet of the Mar-
coux Formation, -

Differentiation from other units: The most useful
characteristic for distinguishing the Marcoux Formation from
other stratigraphicaelly similar formations 1s 1its texture,
No oﬁher formation has its high sand and low clay content.
The abundance of stonés, predominance of igneous and meta-

rorphic pebbles, hardness, snd week Jolntings are also use-
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ful criteria.

Origin: The Marcoux Formation is glacial sediment.
Predominance of granltic and metamorphic rock types in theA
formatlon suggests 2 northeastern source area. |

Age and correlation: The age of the Marcoux Formation
1s unknown, but stratigraphic position suggests that it 1s
Early Wisconsinan or pre-Wilsconsinan in age.

The Marcoux Formation probably correlates with the Hawk
Creek till in the Minnesota Eiver valley (Matsch, 1971)5

ST. HILAIRE FORMATICN (New)

Source of name: The village of St. Hilalre in Pennlng- -
ton County, Minnesota, located on the Thilef River Falls 7.5
minute quadrangle. , _

Type section: Powerline Section, SE 1/4, SE 1/4, NE 1/4,
See. 5, T 151 N, R 43 W (Appendix III).

Reference sections: Opernockity Section, SE 1/4, NE 1/4,
SE 1/4, Sec. 32, T 152 N, R 43 W (Appendix III); Small Creelk
Sectlon, SE 1/4, SW 1/4, SE 1/4, Sec. 17, T 152 N, R 43 W.
(Apoendix III). ) |

Description of unit: The St. Hilaire Formation is un-
pedded pebble-loam. It is gray (5 Y 5/1) when dry and very
dark gray (10 Y 3/2) when wet. Weak vertical joints are com-
mon and result in a moderately columnar structure. . The fpr—
mation contains abundant pebbles and cobbles. Pebble lithol-
ogy 1s about 40% 1gneoﬁs rock types, 40% limestone and dolo-

wite, 15% shale, and 5% lignite fragments,
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The St. Hilaire Formation cdnsists of 30% to 40% =and,
- 38% to 46F s11t, and 15% to 297 clai. Total carbonate ma-
terial finer than 200-mesh is 25%.

Nature of the contacts: The St. Hila}re Formatiqn
overlies the Marcoux Formatioh in the Bed Leke Falls area.
The contact between them is shérp, and typically there is a
cobble concentration or boulder pavement present. In some .
places as much as 18 inches of fine sand 1is present at the
contact. | o

The upper contact with the overlying Red Lake Falls
Pormation is sharp to diffuse.‘ Discontinuous and‘contorted:_'
sand beds are commonly present. |

‘Regional~extent and thickness: In the Red Lake River
valley the St. Hilaire Formation ls exposed only from Thief
Biver Falls, south to the Powerline Seétion. In this area
the unit 1s from 1 to 4 feet thick. Its characteristic dark
color makes it a useful stratigraphic marker. | |

The St. Hilaire Formation thickens to the south, At
the Twin Valley Secfion on the Wild Rice River ﬁear Helberg,
Minnesota, 20 feet of the formation is exposed.

The St. Hilaire Formation 1s thought to extent through-
out northeastern North Dskota, southern Manitoba, and north~
western Minnesota.

Differentiation from other units: The St. Hilaire Fob-V
mation is easily distingulshed from the Marcoux and Red Lake

Falls Formations by pebble 1ithology and color. The Marcoux
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Formation contains predominantly igneous and metamorphic
Vpebbies, and the Red Lake Falls‘Formation contains largely
limestone snd dolomite pehbleé. Neithérkof these formations
contains appreciable shale or lignite, and both are lighter
- in color than the dark gray St. Hiléire. -The Huot and Ger-
vals Formations contaln significantly less sand than the
st. Hilaire Formation. |
Origin: The St. Hilaire is glacial sediment. The peb-

- ble 1lithology suggests a western or northwestern source§
the glaclal lce moved across outcrops of shale of the Plerre
and Rlding Mountéin Formations in eastern North Dakota and .
southern Manitoba. o

 Age: The'age of the St. Hilalfe Formation 1s unknown,
but stratigraphic position suggests that it 1s Wiscénsinan

or pre-~Wisconsinan in age.
RED LAKE FALLS FORMATION (New)

Source of mame: The city of Red Lake Falls, Red Lake
County, Minnesota, located on the Red Lake Falls, Minnesota,
15-minute quadrangle. | -

~ Type section: Clearwater Section, NE 1/4, N 1/4, Sec.
| 22, T 151 N, R 44 W (Appendix III). |

Beﬂerence sections: Needles Eye Sectlon, SW 1/4
NE 1/4, SE 1/4, Sec. 18, T 151 N, R 43 W (Appendix III);
Damned House Section, SW 1/4, NE 1/4, SEVI/Q, Sec. 15,

T 151 N, R 44 W (Appendix III). ”
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Description of unit: The Red Lake Falls Formatlon is
unbedded, pebble-loam. It 1s brownish gray (2.5 Y 6/2) when
dry and olive brown (2.5 Y 4/4) when wet, Vertical Joiﬁts
result 1ln a strong columnar structure in dry, weathered out-
cr0ps;vand oxidation along the joints produces a2 reddish yel- o
low (7.5 YR 6/6) stain. The Red Lake Falls Formation 'is
quite hard and resistant to erosion in dry outcrops and is
friable when moist, | |

Sand and gravel inclusions are quite common; these in-
clude thin beds a few millimeters thick, channel rills,’ana
contorted messes. Thin beds of laminated silt and clay as
much as a few inches thick may be laterally persistent for
tens of feet, Vk |

Pebbles, éobbles, and boulders are abundant. Pebble
lithology is about 65% limestone and doiomite, and 30% 1g-
neous and metamorphic rock types, and about 5% shale.

The Red Lake Falls Formation is made up of 34% to 467
sand, 33% to 45% silt, and 14% to 26% clay. - Total carbon-
ate material finer‘than 200-mesh is 314. |

Nature of the contacts: North of the Powerline Section
the Hed Lake PFalls Formation overiies'the St. Hilalre Forma-
tlon. The contact between these formations is sharp to a1f-
fusely graded. The Marcoux Formation undérlies the Red Lake
Falls Formation south of the‘Pcwerline Secﬁion. The contact
between these formations is sharp, with sand and gravel com-
monly present. The sand and gravel ranges from a few inches

to 17 feet thick. A boulder pavement is present at the con-
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tact in some outcropse

The upper contact of the Red Lake Falls Formation is a
gradual lnterbedding with the overlyling Wylile Formation..
The Red Lake Falls Formation commonly becoées less sandy and
more clayey near its upper contact. Where the Wylle Forma- ,
tion is absent, there is‘a dif fuse contact with a contorted |
silty, pebbly clay containing silt inclusions. This is
vprcbably a subaqueous mud flow deposit made up of material
derived from the Red Lake Falls and Wylie Formations. At
several locations the upper contact of the Red lake Fails‘
Formatlon is an erosional surface overlaln by Holocene flu-
vial sediment. |

Regional_extent and thickness: The Red lLake Falls For- -
mation 1s exposed along the Bed Lake Rilver trench from Thief
River Palls to near Huot. It is ﬁresent in surface expo-
sures in northwestern Minnesota from the Canadian border to
the Wild Rice River. It is present in the subsurface _
throughout the Red River Valley én& is believed to extendA 
westward 1lnto North Dakota. v |

The Red Lake Falls Formatlon ranges in thickness from
at least 70 feet at Knifes Edge Section (Table 3) to 7 feet
at the Stony Bench Sectionv(Table 3). The normal range of
thigkness is from 15 to 30 feet,

Differentiation from other units: The Red Lake Falls
Formatlon can be distinguished from 31milar units on the

basls of texture, pebble lithology, and eolor. It is sand-
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ier than elther the silty Gervais or Felconer Formatlons,
or the clayey Huot Formation. It is lighter in color than

both the Gervals and Huot Formations. Pebble lithology dis-
tinguishes the Red Lake Falls from the Marcoux Formation,
and color distinguishes it from the St. Hilaire Formation,
which 1is much darker. | |

Origin: The Red Lake Falls Formation is glacial sgedi-
ment deposited by a glacier advaencing from the north,

Age: The age of the Bed Lake Falls Formation 1s un-
known. It 1s thought to be Late Wisconsinan on the basis of
a tentative correlation wilth glscial sediment of known age |

in nearby areas.
WYLIE PORMATION (New)

Source of the name: The viliage of Wylie, Red Lake
County, Minnesota, located on the Red Iake Falls l5-minute
quadrangle. A )

Type section: Clearwater Section, NE 1/4, NW 1/4,
Sec. 22, T 151 N, R 44 W (Appendix III). |

Reference. section: 014 Dam Section, SE 1/4, NW 1/4

Sec. 14, T 151 N, R kb W (Appendix I1I).

Description of unit: The Wylle Formation contains clay

and silt that are generally thinly laminated. The clsy 1s
olive gray (5 ¥ 5/2) when dry and dark gray (5 ¥ 4/1) when
wet. The silt is light brownish gray (2.5 Y 6/2) when dry
and olive brown (2.5 ¥ 4/4) when wet. In outerop, the for-
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nation is friable when dry and tough and plastic when molst,
‘The silt laminae become thinner and the elay laminae become
thicker upward. The laminae range from a few millimeters to
a centimeter thick in most outerops.

Nature of contacts: The lower contact of the Wylle
Formation with the Red lLake Falls Formation is gradual,and’
interbedded. This contact is locally highly conﬁorted‘

The upper contact with the overlying Huot Format ion is ,
gradually interbedded or diffuse. Locally the coﬁtact is
highly contorted, and boulder-sized masses of glaclal sedl-
uwent are present. ;

The upper contact of the Wylie Formatlion with the Fal-~
coner Formation has not been observed, It 1s believed to be
similar in natﬁre to the contact with the Huot Formation.

Reglional extent and thicknesé: On the Red Lake River
the Wylie Formation 1s exposed from the Needles Eye Sectlon
(Figure 9, No. 4#) downstream to the area of the Schist Cliff
Section (Figure 9, No. 10). It is exposed at the surface
north of Red Lake Falls beyond the eastern limit of the Huot
Formation. The Wylis Formétion is discontinuously present |
 beneath the Huot or PFalconer Formations throughout the cen-
tral part of the Red River Valley in Traill, Grand Forks,
and southern Walsh Counties, North Dakota, and in Norman and
Polk Count ies, Mlnnesota (Figure 8),

The Wylie Formation ranges 1n thickness from less than

2 feet to more than 7 feet. Average thilckness of exposures
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Fig. 8.--Generalized cross-section shoving strati-
graphic correlations from Grand Forks, North Dakota to
BRed Lake Falls, Minnesota.
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is aboutv5 feet.

Differentiation from other units: The Wylie Formation
can be distinguished from all’other named formations in the
Grand Forks area except the Sherack Formation by its dis-
tinct laminations. The Sherack Formation is separated stra- _
tigraphically from the Wylie Formation by the‘Brenna and
Falooner or Huot Formations (Moran, 1973). Where these are_'
present, the distinction can be readily made. |

Origin: The Wylie Formation is lacustrine sediment.
Deposition occurred in an 1¢e~marg1nal lake during the re-
treat of the ice sheet that deposited the Red Lake Falls
Formatlon and the advance of the lce sheet that deposited
the Huot and the Falconer Formationé.

Age: Thé Wylie Formation 1s'Late Wiscodsinan in agé.

It was deposited during an early phase of Lake Agassiz,
HUQT FORMATION (New)

Source of name: The hamlet of Huot, Red Lake County,
Minnesota, located on the Red Lake Falls l5-minute quadrangle.
~ Type section: Clearwater Section, NE 1/4, NW 1/4, Sec.

22, T 151 N, B 44 W (Appendix II1). |

Reference seétion: Snake Curve Sectilon, NW 1/4, SW 1/@,'
Sec. 13, T 151 N, R 44 W (Appendix III); Schist CILiff Sec-
tioﬁ, SW 1/4, SE 1/b4, Sec. 22, T 151 N, R 45 W‘(Appendix
I11). | |
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Description of unit: The Hudf Formation is unbedded,
slightly pebbly clay. It is gray (5 Y 5/1) when dry and
very dark grayish brown (2.5 Y j/2) when wet. The formation
is very hard and blocky vwhen dry and very plastic when molst.
The high clay coantent of the Huot Formation causes it to
slunmp in outecrop, so most exposures are poor. Slickensides
typlcally occur on shear faces in the Huot Formation.

The Huot Formation contalns limestoné pebbles and cob-
bles and numerous tan, chalky inclusions that range'from
sand to pebble in size. A few iebbles of igneous rock are
also present. Locallj, boulder-size inclusions of a highly
calcareous, pale-yellow glacial sediment are present.

The Huot Formation 1s composed of 4% to 9% sand, 14%‘
to 26% silt, and 62% to 84% clay. Total carbonate material
less than 200-mesh is 23%. | |

Nature of the contacts: The lower contact of the Huot
Formation with the Wylie Formation is gradually interbedded
to diffuse and locally is highly contorted. Boulder-silze
s1llt inclusions are assocliated with the areas of loczal dis;
turbance. | |

The uppef contact, where the Huot is overlain by the
Poplar River or Sherack is sharp and erosional. The contéct
with the Brenna has not been seen, but 1s believed to be
gradat lonal.

Regional extent and thickness: The Huot Formation 1is
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present in the Red Lake River valley from Red Lake Falls to
west of Crookston, where it 1s overlaoped by the Sherack For-
mation (Figure 8). It 1s at the surface in the area north
and west of Red Lake Falls and in an arcuste belt a few
mlles wide across the Red River Valley. Because the Huot
Formation 1s the surféce unit in exposures west of Red lake
Falls and generally is prone to slumping, 1its exposed thlck-
ness is varliable. From 3 td 153 feet of the formation‘are €X-
posed in most outcrops. However, as much as 70 feet of the
Huot Formation is expoged in the Schist Ciiff Section. As
much as 100 feet of the Huot Forﬁatibn 1s present in the

- central part of the Red River Valley.

Differentiation from other units: The Huot Formation
can easily be &1stinguished from other formations in the re-
glon by 1its texture, pebble conteﬁt, unbedded;, blocky struc-
ture, and color. The Bfenna (Mcran, 1973) 1is the only forma-
tion resembling the Huot. They may be distinguished by the
' higher sand and pebble content of the Huot and the presence
of obscure laminatlons in the Brenné.

Origin: The Huot Formation is glacial sediment de-
posited by ice moving southward down the Red River Valley.

Age and correlaticn: The Huot Formation is Late Wis-
consinan; it was deposited about 13,500 B.P. It is iater—
ally'and chronologically equivalent to-the Faleconer Forma-

tion.
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SHERACK FORMATION (New)

Source of name: The village’of Sherack in Polk County,
Minnesota, located on the Warren l5-minute quadrangle.

Type area: The Grand Forks abea in eastern North Dakota
and northwestern Minnesota. .

Type section: Boring 68-12M, dslc Dike, U.S. Army Corps
of Edgipeers, at Oslo, Minnesota, NE 1/4, SE 1/4, SE 1/k, |
Sec. 31, T 155 N, R 50 W (Appendix III). |

Reference sections: Boring No. 3, Witmer Hall, Univer-
slty of North Dakota, 3E 1/4, SE 1/4, SE l/&,VSec. 5, T.151 N,
R 50 W; NDSWC Testhole 2430, NE 1/4, SE 1/4, SE 1/4, Sec. 29, .
T 152 N, R 50 W; anwc Testhole 2431, NE 1/4, NE 1/4, NE 1/4,
Sec. 22, T 151 N, B 50 W; NDSWC Testhole 2433, SE 1/4, NE 1/4,
SE 1/k, Sec. 6, T 151 N, R 50 W; NDSWC Testhole, 2609, SE 1/4,
SE 1/4, SE 1/4, Sec. 36, T 152 N, R 51 W (Appendix III). |

Description of the unit: kThe Sherack Formation con-
sisﬁa of laminated clay, silty clay, and silt, and minor
amounts of sand. It is slltler toward 1ts eastern‘and west-
’ern margins and more clayey in the central part of the Red
River Valley. The laminations are generally only a few mil-
limeters thick, but some of the silty beds ére locally sev-
eral centimeters thick.‘ In ome places the bedding has been
 deformed into folds a few feet high and seve331 feet across.
The Sherack Formation is light gray’when unoxidized and yel-
lowish gray to olive brown when oxidized. Pieces of abraded

wood are commonly found in the lower few feet of the forma-
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tion. Locally the lower few feetvof the formation contain

~considerable organic matter or beds of peat.‘ Snail and
small clam shells oceur locally along the eastern and west-
ern edges of the unit. Above the base, the formation con-
telns little or no organic matter.

Nature of contacts: The lower, unconformable conﬁact
| of the Sherack Formation 1s sharply marked by an abrupt‘
change from light gray,‘iaminated elay to the dark gray, ob-
scurely 1am1nated to unbedded clay of the Brenna Férmgticn.
Where the Sherack Formation conformably overlies the Poplar
River Formation, the contact is gradational‘by interbedding.
- The basé-of the Sherack Formatlion is placed where saﬁd beds
make up most of the sequence. The transition zone 1s gen~'
erally no moré thén a few feetvthicko '

Phe Sherack Formation either'occurs at the surface or
is overlain unconfgrmaﬁly by the Walsh Formatlon (Bluemlé,
in press). The contact between the Sherack Formation and
the Walsh Formation 1s marked by a change from thinly lami-
natéd, inorganic clay to thick bedded or'unbedded clay, silt;
‘or loam gontaining disseminated organic matter.

Reglonal extent and thickness: The Sherack Formatilon
extends throughout the central part of the Red River Valiey
1h North Dakota and Minnesota. It extends at least as far
north as Winnipeg, Manitoba. The formation is generally beé
tween 15 and 30 feet thick. The formation 1is thickest in

Grand Forks County and thins northward.
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Differentiation from other units: The Sherack Forma-
tion can be differentiated from the Walsh Formation by the
absence of disseminated organic matter. The bedding 1thhe
- Walsh Formation 1s generally thicker and the boundaries be-
tween individual strata are much less distinct than in the
Sherack Formation, which 1s characterized by thin, sharply
defined laminatlons. .

Differentiation of the Sherack and Breana Forﬁaticns
15 generally not difficult because of the darker color, more 
obscure laminatlions, included white calcareous specks, and
characteristic slickenslded surfaces of the Brehna. Where
the Sherack Formation is thin enough that ox1ldation extends
down into the Brenna Formation, their separation ls more
difficult. |

In most of the Grand Forks area, the Sherack Formation
is separated from the Wylie Formation by the Brenna, and
Falconer or Huot Formation, and there 1s no problem in their
differentiation. 1In the Red Lake Falls area; lamimated clay
occurs at the surface, beyond the iimit of the Hﬁof Forma-
tlon. In the absence of the intervening stratigraphic units
it is not possible to tell from the characteristics of the
clay whether 1t is part of the Sherack or Wylle Wormation.
This clay 1s included in the Wylle Formatlon because 1ts low-
est contact is conformable with the Red Lake Falls Formation.

Origin. The Sherack Formation consists 1argely of off-
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shore sediment deposited in lLake Agasslz. The organic silt
and beds of peat that occurvlocally at the base of the unit
were deposited in shallow water, in the back-swamp area of
deltas, or along river floodplains. _

Age.and correlation: Most of the Sherack Formation is
Holocene and was deposited 1n lLake Agassiz about 9,900 to
about 9,500 B.P. However, the lower part of the formation
in some areas was deposlted in latest Wilsconsinan tlme, as
early as 11,000 B.P., Radiocarbon dates from the base of
the Sherack are 9,930 * 28¢ B.F. (W-388), 9,900 % 400 B.P.
(4-993), 9,730 ¥ 160 B.P. (I-5123C), and 9,650 + 150 B.P.
{I-5123). The last twd dates were from the same plece of

wood,.
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Appendix 111

This appendix includes descriptions of type and refer-
ence sectlons for lithostratigraphic units exposed along
the Red Lake River., A locstion map is included of these ex-

posures in the study area.
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DESCRIPTION OF STRATIGRAPHIC SECTIONS AND TESTHOLES*

- - THRBE CREEKS SECTION* . -7
NE 1/4, NE 1/4, W 1/4, Sec. 21, T 151 N, R L4 W

Section 1 - Flgure 9

Elev. above

Depth in Feet Sea level

Huot Formation

0-15 1023~1008

Wylie Formation
15-19 1008~-1004

hed lake Falls

Formation
19-25 1004- 998
25-41 998~ 982

Deseription

Clay; very slightly pebbly;

unbedded; gray (5Y 5/1 drYB:

contains tan, pebble-sized,
calcareocus inclusions;

- highly slumped; grada-

tional contact with Wylle
Formation.

Clay and silt; thinly lami-
nated; clay is olive gray
(5Y 5/2 dry); silt is lignht
brownish gray (2.5Y 6/2 dry);
laminae thicken upward; gra-
dational contact wilth Red
Lake Falls Formation.

Petble-loam; clayey; un-
bedded; frisble; light brown-

ish gray (2.5Y 6/2 dry);

- lower contact gradational;

laminated clay at contact.

Pebble~loam; unbedded; fri-
able; light brownish gray
(2.5Y 6/2 dry); abundant
sand inclusions; sharp con-
tact with Marcoux Formation.

*Cores and/or sauples of these sectlons are stored at
the North Dakota Geological Survey, Grand Forks,

North Dakotsa.



91

Elev. above S
Depth in Feet Sea level Description

Marcoux Formation

41-58.6 982-964.5 Sand, alternating fine and

’ mediun grained; flat-bedded
to ripple cross~bedded;
Jointed; limonitic stains;
gradat lonal lower contact,

58.5-59 964,.5-964 Pebble-loam; sandy; unbed-
: ded; frigble; light gray
(5Y 6/1 dry); lower contact
1s sharp; cobbles conmon at
contact.

Gervals Formation

59-85 964-.938 Clay-loam; silty; very

: slightly pebbly; unbedded;
friable; light olive-gray
(5Y 6/2 dry); wood chips,
twigs and logs abundant near
base; pebbles and sand-lens
inelusions increase upward;
mnollusk fragments and char-
coal flakes present; lower
contact not exposed,
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, MOO POINT SECTION _
NE 1/4, NE 1/4, NW 1/4, Sec. 19, T 151 N, R 44 W
NI 1T Section 2 ~ Figure 9 Db~/

Elev. above
Depth in Feet Sea Level Degeription

Huot Formation

0-13 968-955 Clay; very slightly pebbly;
unbedded; gray (5Y 5/1 ary);
contains pebble-sized, tan,
calcareous inclusions; upper .
6 feet highly slumped with
boulder~sized inclusions of
pebbly, silty losm; lower
contact gradational.

Wylie Formation

13-15 955-953 Clay-loam; silty; unbedded;
pale olive (5Y 6/3 dry);
sharp lower contact.

15=17 953-951 - Clay and silt; thinly lami-
‘ nated; clay 1s olive gray
(5Y¥ 5/2 dry); silt is light
brownish gray (2.5Y 6/2 dry);
ripple cross-bedded medium-
grained sand 1s also present;
lower contact gradational.

Bed Lake Falls
Formation

17-32 951-936 Pebble~loam; unbedded; fri-
a ' able; brownish gray (2.5Y 6/2
dry); sherp lower ocontact with
cobble concentrstion.

Gervails Formation

32-45 936~923 Clay-loam; silty; very slightly
: - pebbly; unbedded; friable; )

light brownish gray (2.5Y 6/2
dry); wood fragments and twigs
present; persistent, inter-
mittent, 2-inch sand-lens at
931 feet; lower contact not
exposed, :
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CLEARWATER SECTION
NE 1/4, NE 1/4, Sec. 22, T 151 N, R b4 W
;272 Seection 3 - Figure 9 C i

Elev. above , '
Depth in Feet Sea level Description

Huot Formation

0-14 1020-1006 Clay, very slightly pebbly;
unbedded; gray (5Y 5/1 dry);
contalns abundant tan, peb-
ble-sized, calcareous inclu-
slons; lower contact inter-
bedded; highly slumped.

Wylie Formation

14-19 1006-1001 Clay and silt; thinly lami-
nated; clay 1s olive gray
(5Y 5/2 dry); silt is light
brownish gray (2.5Y 6/2 dry);
laminae thicken upward; in- .
terbedded lower contact.,

Red Iake Palls
Format ion

19-38 1001~ 982 Pebble-loam; unbedded; fri-
able; light brownish gray
(2.5Y 6/2 dry); weak columnar
Jointing; abundant sand and
gravel lenses; sharp lower
cont act,

Marcoux Formatlon

38-65 982~ 995 Pebble-loam; sandy; unbedded;
hard; light ollve gray (5Y 6/2
dry); high carbonate concen-
tration upper 1 to 2 feet;
lower contact not exposed,



|  NEEDLES EYE SECTION
SW 1/4, NE 1/4, SE 1/4, Sec. 18, T 151 N, R 43 W

N Section 4 - Figure 9 &~/

Elevy. above
Depth in Feet Ses level
Wylie Formation
0-5% 1051-1045
Red Lake Palls
Formation
6-35 1045-1016
Marcoux PFormation
35-56 1016~ 995

Descrigtion

Clay and silt; thinly lami-
nated; clay 1s olive gray
(5Y 6/2 dry); silt 1is light
brownish gray (2.5Y 6/2 dry);
laminse thicken upward; sharp
lower contact,

Pebble~loam; clayey; unbed-
ded; columnar Jointing; hard;
pale olive (5Y 6/3 drys; up
to 1 foot of sand and gravel
present at sharp lower con=-
tact.

Pebble-loam; sandy; unbedded;
hard; light %ray (5Y 6/1 ary);

undant peb les, cobbles and
boulders; lower contact not
exposed.



POWERLINE SECTION
SE 1/4, SE 1/4, NE 1/4, Sec. 5, T 151 N, R 43 W

A Section 5 - Figure 9 -,

Elev. above

Depth in Feet Sea Level
Red Lake Palls

Formation

0-28 1082-1054

St. Hilaire

Formation

28-30 1054-1052
Marcoux Formation

30=-47 1052-1035

L p—

Descrintion

Pebble-loam; unbedded; fri-
able; light gray (5Y 6/1 dry);
abundant sand lenses present;
lower contact gradational;
cobble, sand, and gravel con-
centrations occur at contact.

Pebble~loam; clayey; unbed-
ded; friable; gray 652 5/1
dry); sharp lower contact.

Pebble-loam; sandy; unbed-
ded; hard; light gray (2.5Y
6/2 dry); lower contact not
exposed.
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OPERNOCKITY SECTION

SE 1/4, NE 1/4, SE 1/4, Sec. 32, T 152 N, R 43 W

JYRIERS Section 6 - Figure ¢  ).-//
o Elev., above
Depth 1in Feet Sea Level Deseription
Red Lake Falls
Formation
0=-9 1076-1067 Pebble-loam; unbedded; fri-
able; light gray (2.5Y 7/2
dry); abundant sand lenses;
lower contact gradational.
St. Hilalre
Formation ,
9-10 1067—1066 Pebble~loam; clayey; unbed- .

Marcoux Pormation

10-11 1066-1065
Red lLake Falls

Formatilon o

11-23.5 1065-1052.5

St. Hilaire
Formation

2305"21}05

ded:

friable; gray (5Y 6/1
dryS;

sand and gravel inclu~

'slons abundant at sharp

lower contact.

Pebble-loam; sandy; unbed-
ded; friable; light brownish
gray (2.5Y 6/2 dry); lower
sharp, but laterally irregu-

lar,.

Pebble-loam; unbedded; fri-
able; light brownish gray
(2.5Y 6/2 dry): abundant

sand lenses; gradational
lower eontact,

[

1052,5-1051.5 Pebble~loam; unbedded; fri-

able; gray {5y 571 dry);
sand and gravel inclusions
abundant at sharp lower con-
tact. .
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Elev. above ‘
Depth in Feet Sea Level Description

Marcoux Formation

24,5-36 1051.5-1040 Pebble-loam; sandy; unbed-
: ded; friable; light gray
(5Y 6/1 dry); lower contact
not exposed.
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| DAMNED HOUSE SECTION
SW 1/4, NE 1/4, SE 1/b, Sec. 15, T 151 N, R 44 W

ISR Section 7 - Figure 9 D34
Elev; above |
- Depth 1n Feet Sea level Deserivtion
Wylie Formation ,
d~? 1015-1008 | Silt; sandy; pebble; unbed-

ded; sharp lower contact.

7-10 1008-1005 Clay and silt; thinly lami-
: nated; clay 1is olive gray
(5Y 6/2 dry); silt is light
brownish gray (2.5Y 6/2
dry); lower contact grada-
tional and interbedded.

Red Lake PFalls

Formation
10-31 1005- 984  Pebble-loam; unbedded; fri-
) - able; grayish brown (2.5Y
| 5/2 dry); sharp lower contact.
31-34 , 984~ 955 Sand; silty; flat-bedded to

ripple cross-bedded; Jointed;
limonitic stalns; sharp lower
contact.

flarcoux Formation
3460 E 981- 955 Pebble-loam; sandy; unbedded;

hard; light gray (5Y 6/1 dry);
lower contact not exposed.



99

. jors"  OLD DAM SECTION b
SE 1/4 NW 1/4, Sec. 14 T 3.51 N, R zm W

Elev. above - :
Depth in Feet Sea lLevel Deseription

Huot Formation

0-3 1000~997 Clay; slightly pebbly, unbed-
ded; gray (5Y 5/1 dry); con-
tains tan, pebble-sized, cal-
careous inclusions; sharp
lower contact.

Wylle Formation ‘

3-8 997-992 S1lt and send; fine-grained;
_ - ripple cross-bedded to flat-
badded; 1nterbedded lower
contact.

8-10 992-990 Clay and silt; thinly lami-
nated; clay is olive gray
(52’5/2 dry); silt is light
brownish gray (2.5Y 6/2 dry);
interbedded lower contact.

Red lLake Palls
Formation

10-40 990~960 Pebble-loam; unbedded; light
olive gray (5Y 6/2 dry),
strong to weak columnar joint-
ing; frequent channel scours
with cross-bedded sand and
gravel fill; loser contact
not exposed.



100

SNAKE CURVE NORTH SECTION
NW 1/b, S# 1/4, Sec. 18, T 151 ¥, R 44 W

popis  Sestion 9 - Plgure 9 -2
Elev. above .
Depth in Feet  Sea Level Description
Sherack Forma- '
tion ,
0~5 960- 955  Silt and clay; laminated with

some sand in lower laminae;

11§ht yellowish brown (2.5Y
- 6/h ary); gradational lower
-contact. :

Huot Pormation

5-20 955~ 940 Clay; slightly pebbly; unbed-
» : ded; gray (5Y 5/1 drys; cone
tains tan, pebble-sized, cal-
careous incluslions; lower
contact gradational.

Wylie Formation

20-21 940~ 939 Clay and silt; thinly lami-
A nated; clay 1s olive gray
(5Y 5/2 dry); silt is light
brownish gray (2.5Y 6/2 dry);
lower contact gradational and

int erbedded.
Red Lake Falls |
Formation
21-28 938~ 932 Clay; silty; pebbly; unbed-
' ded; frigble; light olive gray
(2.5Y 7/2 dry); lower contact
, gradation and interbedded.

28-40 | 932~ 920 Pebble-loam; unbedded; hard;

light brownish gray (2.5Y
6/2 dry); lower contact not
exposeds ‘ '
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SNAKE CURVE SOUT'H SECTION
SW 1/e, N 1/4, SW 1/4, Sec. 18, T 151 N, R 44 W

P Section 9 - Figure 9 PR
Elev. above
Depth in Feet Sea level Description
Sherack Forma-
tion V
15-40 A 977-962 S1ilt; thinly laminated; con-

tains some beds of clay and
very fine sand; both upper and
lower contacts gradational.

Poplar Eilver
Formation

30-40 . 962-952 Sand; fine-grained; thin bed-
: ded; contains ripple cross-

" bedding; contains a few inter-
beds of s1lt and clay; shells
of gastropods and small bi-
valves abundant near the base;
contact 1is gradational.

40-55 ’ 1 952-637 Sand; gravelly, grading down-
ward into sandy gravel; gravel
is flat-bedded and sand has
dune cross-bedding; shells of
gastropods and small bivalves
are azbundant at top of the
unit, large mussels occur
throughout the unit, and a

- large conifer log was exposed
near the base; the lower con-
tact is sharp. '

Bed ILake PFalls
Formation

55-70 937-922 Pebble~loam; silty, sandy; hard;

columnar jointing; stands in
vertical cliffs; lower 5 to 10
feet zbove the river are cove
ered; upper contsct 1s sharp
with gravel of Poplar River
Formation but gradational with

. ¢clay of Wylie Formation both
north and south of measured
section,
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SCHIST CLIFF SECTION
SE 1/4, SE 1/4, Sec., 22, T 151 N, R 45 W
Section 10 - Figure 9 ~ .,

Elev. above
Depth_in Feet Sea Level Deseription

Huot Formation

0-67 960-893 Clay; very slightly pebbly;
‘ unbedded; gray (5Y 5/1 dry);

contains pebble-sized, tan,

calcareous inclusions; cone-

tains boulder-sized inclu-

sions of light colored peb-

bly loam; lower contact not

exposed, :
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SMALL CREEK SECTION
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o3
Jo

SE 1/4, SW 1/4, Sec. 17, T 152 N, R 43 W

Depth in Feet

Elev. above
Sea Level

Wylie Formaticn
0-2

Red Lake Palls
Formation

2-12

St. Hilaire
Formation -

12-16

Marcoux Foéma~
tion

16-20

1078-1Cc76

1076-1066

1066-1062

1062-1058

Description

Ioam; clayey; bedding is

highly disrupted; light brown-

igh gray (2.5Y 6/2 dry); con=
tains abundant silt clasts;
lower contact laminated and
interbedded.

'Pebble-loam; unbedded; fri-

able; light brownish gray
(2.5Y 6/2 dry); lower contact
gradational.

Pebble-loam; unbedded; fri-
able; gray (5Y 6/1 ary);
lower contact sharp; cobble

concentration at base.

Pebble-loam; sandy; unbed-

ded; friable; gray {(5Y 6/1

dry); lower contact not ex-
posed.
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AN Witmwer Hall Boring No. 3

SE 1/4, SE 1/4, SE 1/4, Sec. 5, T 151 N, R 50 W

Elev. above
Depth in Feet  gSea Ievel Degcrintion

Sherack Formation

0-20 : 831-811 - Clay; silt, clayey silt, and
, silty clay; thinly laminated;
ripple cross-bedding in some

coarse silt beds; brown to
olive (5Y 4/3 wet) near base,

only coarser beds are oxi-
dized; finer beds are gray. .

20-36 811-795 Clay, silt, clayey silt and
‘ silty clay; thinly laminated;
black to dark gray (5Y 2/1 to
5Y 4/1 wet); dark gray to light
gray (5Y 4/1 to 5Y 6/1 dry).

Brenna Formatlon

- 36-84 : - 795-747 Clay, obscurely laminated to
unbedded; slick; sticky; soft;
contains white to tan coarse
sand and sm2ll pebble-sized
grains of chalky shale and
limestone; from 75 feet to 84
feet pebbles become wmore abun-
dant; very dark gray (5Y 3/1
wet), dark gray to gray (5Y

- 4/1 to 5Y 5/1 dry). '

Falconer Formation

- 8h-123 o 747-708 Pebble-loam; unbedded; hard;

, ‘ few pebbles; very dark gray
(5Y 3/1 wet) to gray or light
gray (5Y 5/1 or 5Y 6/1 dry§;
contains average of 16% sand,
46% st1t and 38% clay; total
carbonate content 1s 25,
(5.5% calcite, 19.6% dolomite);
contains 14% kaolinite and
chlorite, 174 illite, and 68%
montmoriilonite. ,



Depth 4in Feet
' Wylie Formation

123-141

141-150

105

Elev. above
Sea Level

708-£690

690-681

Description

Clay; unbedded to obscurely
bedded; very dark gray to
dark gray (5Y 3/1 to 5Y 4/1
wet),

Sand; fine-grained; grayish
brown.
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U.S. ARMY CORPS OF ENGINEERS
',/ ." 0slo Dike Boring 68-12M
NE 1/4, SE 1/4, SE 1/4, Sec. 31, T 155 N, R 50 W

' Elev. above
Depth in Fest Sea_level ‘ Desgeription

Walsh Formation

0-3 : 811-808 Clay, silty; broin to tan;
interbedded with gravelly
clay; brown, calcareous, artl-
ficial fill.

3-12 808-799 Clay, silty; brown to tan;
contains scattered plant frag-
ments and some beds of or-
ganic material; locally sec-
ondary carbonate occurs; flu-
vial sediment.

Sherack Formation

12-34 " 799-777 Clay, silty; thinly laminated;
olive brown (2.5Y 4/4 wet);
contains silt interbeds; some
811t beds are cross-badded;

oxidized.

I4-bL6 777=-765 Clay, silty; clayey silt and
clay; very dark gray (5Y 3/1
wet); laminated with unbedded
subzones: cross hedding oc-
curs in thicker silt beds
throughout the interval:; lami-
nation less evident in lower
5 feet; some slick, unlami-
nated beds toward the base.

Brenna Formation

Lé-52 765-759 Clay; obscurely laminated;
very dark gray {(5Y 3/1 wet);
slickensided surfaces devel-
oped readily by shearing.
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Elev. above
Deoth in Peet Sea Level Description

‘Brenna Formation

52-112 759-699 Clay; unbedded to obscurely
laminated; laminations are
coumonly irregular and len-.
ticular; very dark gray (5Y
3/1 wets; soft; slickensides
characteristic of entire sec-
tion; soft, white, gray and
brown, s11lty, calcareous peb-
bles abundant 1n upper 5 to 10
feet and continue to be pres-
ent but in considerably re-
duced numbers throughout the
unit; a few hard carbonate
pebbles also present.

Palconer For-
mation

112-118 699-693 Pebble-loam; silty, clayey;
, gray (5Y 6/1 dry); contains
17% sand, 43% silt, and 40%
clay: total carbonate con-
tent 1s 29.6% (5.4% calcite
and 24,.2% dolomite).
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NDSWC Testhole 2430

NE 1/, SE 1/4, SE 1/4, Sec. 29, T 152 N, R 50 W

Depth in Feet

Sherack Forumg-
tion

0~17

17-37

Brenna PFormation

37-74

Falconer Forma-
tion

- 74-118

Wylle Formation
118-133 |

Red Lake Falls
Formatlon
133-138
138~176

176-183

Elev. above

Sea level

830-813

813-793

793-756

756-712

712-697

697-692

692-659

654647

Deseription

Clay; silty; and silt; lami-
nated; yellowish gray; oxi- -
dizedo .

Clay: silty; and silt; lami-
nated; 1light gray; unoxidized.

Clay; obscurely laminsted to
unhedded; gray to dark gray;
contains white calcareous
specks.

Pebble~loam; silty; light
gray (5Y 6.5/1 drys unoxi-
dized; contains 18% sanad,

53% silt and 29% clay; total
carbonate content is 26. 9%
(5.5% caleite and 21.4%
dolomite).

Clay; gray; unoxidized.

Pebble~loam; gray; unoxidized;
poor samples. , '

Clay; dark greenish gray to
olive black; unoxidized. :

Pebble-loam; gray (5Y 6/1
dry); unoxidized’ poor
samples.



Elev. above
Denth in Feet. Sea lLevel

. St. Hilaire

Format ion
183~199  B47-631
199-214 631-616

Marcoux Formation

214-240 616-590
240-278 590-552
278-284 552-546
Winnipeg Group ‘
284-292 546-538
292-295 - 538-535

109

Description

Clay; slightly pebbly; gray
(5¥ 6/1 dry); umoxidized; may
be till, '

Gravel; fine- tb coargse-
grained; poorly sorted; sandy;
contains c¢lay and s1lt beds,

Pebble-loam; sandy; light
gray (10 YR 6/1 dry): con-
tains 55% sand, 26% silt, and
19% c¢lay; total carbonate
content is 31.3% (9.9% cal-
clte and 21.4% dolomite).

Pebble~loam; sandy; light
%ray (10YR 6/1 &ryi; contains
3% sand, 23% silt, and 14%
clay; total carbonate content
is 24.0% (6.9% calcite and

17.1% dolomite). ~

Sand; very poor samples.

Clay; pale reddish-brown to

dusky red; silty; thin, very
light gray limestone inter-

vedded with clay.

Sandstone; dark reddish brown;
medium-grained; well sorted;
well rounded: celcium car-
bonate and iron-oxide cement.



Depth in Feet

Elev.
Sea level
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| NDSWC Testhole 2431
NE 1/4, NE 1/4, NE 1/b, Sec. 22, T 151 N, R 50 W

above

Sherack Formation

0-16

16-40
Brenna Formmation

Lo=-60

60-88

Falconer Forma-
tion ‘

68-118

Wylle Formatlon
118-128

Bed Lake Falls
Formation

128-143

143-148

835-819

819-794

795-775

’775-76?

767=-717

717-707

707-£662

692-487

Descriotion

| Silt; elayey; light gray

(2.5Y 7/2 dry); oxidized.

Clay; sllty; laminated; light
gray (5Y 6/1 dry); unoxidized.

Clay; unbedded; gray (5Y 4.5/1
dry); unoxidized; contains
white calcareous specks.

Clay; unbedded; pebbly; gray
(5Y 6/1 dry); unoxidilzed; con-
tains white calecareous specks.,

Pebble-loam; silty; light gray
{(5Y 6/1 dry):; unoxidized; con-
tains 12% sand, 464 silt, and
42% clay; total carbonate con-
tent 22.8% (5.3% calcite and

17.5% dolomite). ~

Clay; light gray (5Y 6/1 ary);
unoxidized. ,

Sand; fine-grained at the top;

grading downward into coarse
to very coarse-gralned at the

base; pale yellowish brown.

Gravel; fine to medium-
gralned; poorly sorted.



Depth in Feet

St. Hilaire
Formation

148-166
166-188

188-194
194200
'Marcoux Forma-

tion

200-220

220-236

Winnipeg Group
236244

244252

Elev. above

Sea Level

687-669
669-647

647-641

641635

635=5615

615-599
599-591

591-583

111

Description

Pebble-loam; light gray (5%
6/1 dry); unoxidized; poor
samples.

Pebble-loam; light gray (5Y
/5/.5 dry); unoxidized; poor
samples. )

Pebble-loam; light gray (2.5Y
7/1 dry); poor samples.

Gravel; fine to mediunm
gralned; poorly sorted.

Pebble~loam; sandy; light
brownish-gray (10YR 6.5/2
dry); unoxidized; contains
51% sand, 34% silt, and 15%
clay; total carbonate content
28.1% (9.3% calcite and 18.8%
dolomite).

Sand; fine gralned; well
sorted.

Shale; pale reddish brown;
dusky red beconing yellow
downward; noncalcareous at
top; calcareous at bases,

Limestone; grayish red; micro-
crystalline,



Depth in Feet

" Sherack Forma-
tion

0-18

18-36

Brenna Formation

36-76

Falconer Forma-
tion

76~124

Wylie Pormeation
124-138

Red Lake Falls
Formation
138-144

144-185

185-196

112

~ NDSWC Testhole 2433 |
SE 1/4, NE 1/4, SE 1/4, Sec. 6, T 151 N, R 50 W

Elev. above
Sea level

835-817

817-799

- 799-759

- 759-711

711-697

697-691

691-650

650639

Descrivtion

S1lt; clayey and clay; lami-
nated; pale yellow (2.5Y 7/3
dry); oxidized. ,

Clay; silty; laminated; light
gray (5Y 6/1 dry); unoxidized.

Clay; unbedded to obscurely
laminated; slick; gray (5Y
5/1 dry); unoxidized; con-
tains calcareocus white specks.,

Pebble-loanm; light gray (5Y
6/1 dry); unoxidized; con-
tains 13% sand, 44% silt, and
43% clay; total carbonate con-
tent is 25.5% (6.0% calclte
and 20.5% dolomite).

Clay; light gray (10YR 6/1

~dry); unoxidized.

Pebble-loam; light gray (531‘
6/1 dry); unoxidized; poor
samples. «

Clay; light gray {5Y 6/1 dry);
unoxidized, :

" Pebble~loam; sandy; light gray

(5Y 6.5/1 dry); poor samples.
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‘ Elev. above '
Devth in Feet Sea Level " Description

196-200 639-615 Gravel; sandy; very {ine to
fine grained; poorly sorted,

220-228 615-507 Pebble-loam; brownish gray to
olive gray; sandy to very
-gravelly; very poor samples,

228-241 607-594 Gravel; sandy; very fine to
: fine grained; poorly sorted.

Marcoux Formation

241-262 594.573 Pebble-loam; 1ight gray
(10YR 6/1 dry unoxidized;
contains L46% sand 314 silt
and 23% clay; total carbon-
ate content is 27.3p (9.8%
caleite and 17.5% dolomite).

262-267 573568 Gravel; sandy; mottled gray;
fine to very coarse gralned;
poorly sorted.

Winnipeg Group

267-279 568-556 Shale; variegated green-gray
red; noncalcareous.

279-294 556-541 Sandstone; dark reddish brown;
: fine; well—sorted' very clayey,
1ron-ox1de cenent.
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NDSWC Testhole 2609
' SE 1/4, SE 1/4, SE 1/4, Sec. 36, T 152 N, R 51 W

Elev. above

Depth in Feet Sea level Description
Sherack Formg-
tion
0-14 ‘ 835-821 Clay; silty; laminated; yel-
lowish brown to yellowish
gray; oxidized,
14-30 821-805 Clay; silty; laminated; light

gray (5Y 6/1 dry); unoxidized.
Brenna Formation |
30-69 : 805-756 ' Clay; obscurely laminated to

unbedded; gray; unoxidized;
contains white calcareous

speoks,
Palconer Forma-
tion :
69-124 766-711 Pebble-loam; silty; light gray

(5Y 6/1 dry5; unoxidized; con-
tains 15% sand, 47% silt and
38% clay; total carbonate con=-
tent is 25.4% (5.8% calcite
and 19.6% dolomite).

Wylie Formation

1242134 711-701 Clay; grsy; unoxidized.

Bed Lake Falls
Formation , »
134-174 701-661 }Pebble-loam; gray (5Y 6/1 dry);

unoxidized; contains 38% sand,
36% silt, and 26% clay; total
carbonate content 1is 26.

- (6.7% calcite and 19.4% dolo-
mite); contains a bed of clay
from 153 feet to 158 feet,

174-183 6£61-652 Gravel.
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Elev. above

Depth in Feet Sea level
- St. Hilalre
Formation
1 183-196 652-639
196212 639627

Marcoux Formation

212.232
232-242
242-251

Winnipeg Group
251-257

627-203
603-595

595-584

584-578

Description

Pebble-loam; gray (5Y 5/1 dry);
unoxidized. '

Sand and gravel.

Pebble~loam; sandy; very poor
samples.

Pebble-loam; sandy; gray; very
poor samples.

Pebble-loam; sandy; gray; very
poor samples.

Clay; silty; reddish brown;
very calcareous.
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